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1. Highway A1A—the road to riches

Highway Ai A, the "boulevard" of Jimmy Buffett's song, con
nects some of America's most fabled real estate. From south to
north the AiA traveler whizzes and bumps through the faded
glory of Miami Beach, the fabulous wealth of Palm Beach, the
youthful exuberanceof Fort Lauderdalebeaches, the engineering
marvels of Cape Canaveral, the race-crazy community of Daytona
Beach, and ancient, colorful St. Augustine, the oldest town in
America. There are a lot of other things for the alert AiA driver
to see: endless rows of condominiums hugging the beach, signs
tacked to trees offering a few acres of land for millions of dollars,
brand-new, sparkling white beaches pumped up from offshore at
a cost of millions of dollars per mile, and, if the driver chooses to
step out of the car and walk to the beach, seawall after seawall
after seawall.

Florida's shorelines, including the sections traversed by High
way A iA, are her greatest natural assets. What Florida tourism
brochure has failed to feature a scene with some variation of the
beautiful couple strolling down the sparkling white, palm tree-
lined beach next to the beautiful blue sea? The advertisement is a
reality. Florida does have a beautiful shoreline, and the shore is to
a large degree responsible for much of the tourist trade and even
for muchof the state's phenomenal growth of permanent residents
(fig. i.i). Thousands upon thousands of Americans from colder

and harsher climes continue to pour south to the promised land of
Florida. Thousands upon thousands also pour northward from
the mercurial political regimes of the Caribbean. The common
meeting ground is the infinite vista of the sea, the rumble of the
surf, and the bracing smell of the shoreline.

If Floridians could be satisfied with just seeing, hearing, and
smelling the sea, the problems and potential dangers of shoreline
development could have been avoided. The beaches and islands
could have been left as places to visit or stroll on, as places to
swim, surf, or fish from, and simply as places to enjoy.

Because Floridians are subject to the laws of human nature,
too, it has not worked out that way. Florida's open ocean shoreline
is the site of ever-larger, ever-closer-to-the-beach, and ever-more-
exclusive development. The waterfront is so precious that hun
dreds of miles of canals have been dug on East Florida's islands
allowing more thousands of people to live right next to the water.
The participants in this rush to the shore often hail from Indiana
or Pennsylvania or someplace where one's life experiences do not
lead to an understanding of the forces of the sea. Some of those
who rush to the Florida shore are simply taking advantage of tax
benefits for those who buy vacation property. Orchestrating this
rush are entrepreneurs, developers, and realtors who understand
ably intend to make a profit from the shore. In the normal scheme



4 Living with the East Florida shore

Fig. 1.1. Happy swimmers frolicking in the beautiful sea off Palm Beach
in 1900. Photo courtesy of the Palm Beach Historical Society.

of things in our democratic, free enterprise system, the views of
those who come to make money should be balanced by the guard
ians of the quality of our life and environment, that is, the local
governments. As in most rapidly developing parts of America,
this balance in Florida has not worked very well; some are making
money at the expense of undue destruction of the environment
and the safety of people.

How else can the development on Florida's coast be described
other than unsafe? Consider the high density of development on
hurricane-prone islands with only a drawbridge or two for escape

routes; development that is increasingly in the form of high-rise
buildings built very close to an eroding shoreline and protected by
seawalls and other structures that in themselves increase the rate

of erosion and beach degradation. Neil Frank, director of the Na
tional Hurricane Center, sometimes sounds like a broken record .
when he warns again and again that beachfront development in
Florida is setting the stage for a great natural disaster. The un
precedented gap in big hurricanes since Hurricane Donna (i960) -
leveled the Keys has fostered a complacent attitude that is not
justified by the facts.

Things are looking up, however. In the early 1980s a number
of events came together that will have a positive impact on the
future of Florida's shore. In 1982 the federal government instituted
barrier island legislation that effectively takes the federal govern
ment out of the development picture on heretofore undeveloped
stretches of barrier islands. That is, the federal government will no
longer help pay for bridges, roads, sewageand water facilities, and
flood insurance for certain designated islands. Beginning in 1981
the Federal Emergency Management Agency (FEMA) began to
raise the price of federal flood insurance to its real cost, so the
taxpayer is not in the position of subsidizing unsafe development
(figs. 1.2 and 1.3). Last, but not least, the state of Florida began
to buy up undeveloped lands under the Save Our Coast (SOC)
program.

But the news of the eighties is not all good. In 1983 the Environ
mental Protection Agency (EPA) dropped its "greenhouse effect"



Fig. 1.2. New home construction in NewSmyrna Beach. This building is
well forward of the state's construction setback line. It also is built on an
actively eroding shoreline as evidenced by the erosion scarp (bluff) in
the first dune. Photo by Dinesh C. Sharma.

bombshell with a report that warned of warming atmospheres,
melting glaciers, and rising sea levels. The prestigious National
Academy of Sciences said the same thing. What their warnings
boildownto, as far as Florida'scoastalareas are concerned, iscon
tinued and accelerated shoreline erosion. As discussed in chapter

1. Highway A1A—the road to riches 5

Fig. 1.3. New construction (1983) in Wilbur-by-the-Sea. The building sits
in front of the first dune instead of safely behind it. Furthermore, the
dune was removed in order to make a conveniently flat spot to build the
foundation. Photo by Barb Gruver.

3, a very small rise in sea level can cause a very large horizontal
shoreline retreat.

Those who arrive on the east coast of Florida in coming years
have an opportunity to benefit from the experience of the past and
to build a better Florida. That is the purpose of this book: to let
those who wish to know where the path of sound development
lies, and to give those who wish to share in the Florida dream the
wisdom to do so safely.
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The stormy past

Juan Ponce de Leon, famous for his unsuccessful search for
a fountain of youth, completed the first recorded cruise along
Florida's east coast in the spring of 1513, a mere 21 years after
the discovery of the New World. Some years later, in 1565, Pedro
Mencadez de Aviles established a Spanish settlement at St. Au
gustine, and Florida's east coastal development began in earnest,
albeit slowly. By 1599 the population of St. Augustine had sur
vived Indians on the warpath and attacks by the British, plus a
hurricane, and to those early residents Florida was not an impres
sively habitable place.

A shoreline milestone for East Florida was achieved with the
completion of the St. Augustine seawalls, Florida's first, in 1690.
By1761 the Englishhad pushedthe Spanishout of Florida.During
the next few years settlers dribbled in from several directions, but
political instability continued as the British gave Florida back to
Spain when they lost the American Revolution. Florida became
U.S. territory in 1821 under the terms of the Adams-Onis Treaty.
Shortly before the Revolutionary War, 100 plantations had been
established along the east coast, but in the early 1800s develop
ment was hampered because the land was in the hands of people
without much money; in addition, nobody wanted to buy land
anyhow after the Seminoles went on the warpath in 1836.

Soon events along the east coast began to occur more rapidly.
The site of Miami was picked in 1843. By 1854 Volusia County

had a population (in the language of the day) of 300 plus 318
slaves. In 1865 the first land rush by northerners began. In 1868
Ormond (later called Ormond Beach) was founded, and in 1871
M. Day began to develop a tract of land that would someday be
called Daytona. By 1875Daytona's population had shot up to 70,
but only 2 houses were on the adjacent island. In 1882 Henry M. -.
Flagler,the firstof a string ofcolorfulFloridadevelopers, appeared
on the development scene with the purchase of a large portion of
Miami Beach. In 1885 Flagler began buying marsh land near St. *
Augustine, which he filled in for development. He built the 450-
room Ponce de Leon Hotel, among others, at a cost of $250,000.
Flagleralso was responsible for building the East Coast Railway
to Miami, with the first train arriving in April 1896. In 1895con
struction began on the Breakers Hotel in Palm Beach. It burned
down in 1903 and was rebuilt in 1906 (fig. 1.4), burned down
again in 1925 and was once more replaced—this time with the
present-day structure.

In 1902James Hathaway,trying out his Stanley Steamer on the
beach, "discovered" the great Ormond-Daytona race course (fig.
1.5). In 1903 Ransom E. Oldsand his"Pirate" hit speeds in excess
of 57 mph on the beach, but beach racing received a black eye
when F. Marriott totaled his car "Rocket" on an uneven stretch of
sand. Car racing recommenced in 1927 at Ormond Beach; speeds
nowreached 200mph. The bigannual races continued until World
War II. By 1913 Miami Beach was connected to the mainland
by the Collins Bridge, and three developers (Messrs. Lummus,



Fig. 1.4. The 1917 version of the Breakers Hotel in Palm Beach. Note the
wide beach where today no beach at all exists. Photo courtesy of the
Palm Beach Historical Society.

1. Highway A1A—the road to riches 7

Fig. 1.5. Horses, carriages, and beach strollers on the 1904 Daytona
Beach. Library of Congress.
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Fisher, and Collins) began to build what would soon be regarded
as the world's most famous beach resort. By 1920 Miami Beach
had a population of 644, and Miami contained more than 110,000
souls. A brand-new smuggling industry sprang up overnight with
the onslaught of Prohibition, and Florida soon proved to be one
of the "leakiest" states with regard to illicit booze.

The boom bubble burst for much of East Florida after the 1926
hurricane, to be followed shortly by the Depression. During the
1930s Floridians began to realize that they had to attract people
12 months a year, not just in winter, so at the end of World War
II, with the advent of bulldozers and unprecedented individual
wealth in America, the year-round boom was on. The results are
there to see, for all who drive Highway AiA.

Throughout the history of Florida's east coast, hurricanes have
played an important role in the success and failure of various
development schemes. In fact, Florida and hurricanes became al
most synonymous—a view that was helped along by Hollywood's
penchant for emphasis of the violent and exciting. Who can forget
the hurricane scenes in Key Largo, a Humphrey Bogart-Edward
G. Robinson thriller still playing on late night TV screens?

One vivid memory of the senior author of this book was a visit
to the Florida Keys a few days after Hurricane Donna struck in
i960. The sight of the destruction was awe-inspiring, but even
more striking was the widespread pessimism of the survivors.
Everyone seemed to feel that so many storms had hit the Keys in
this century that Hurricane Donna had dealt a fatal blow to future
development. However, the developers who came after Donna's

w

jj^s> Id ~®

Fig. 1.6. The big hurricanes of the twentieth century: September 1926,
September 1928, September 1947. October 1950 ("King"), September
1960 (Donna), August 1964 (Cleo). September 1964 (Dora). October
1964 (Isabell). August-September 1965 (Betsy). October 1969 (Gerda),
August-September 1979 (David).



destruction ignored Mother Nature's danger signals. Now many
thousands of new inhabitants live on sites cleared of debris from
Hurricane Donna, and there is no way to evacuate the present
population living on the Florida Keys in a hurricane emergency
situation.

Figure 1.6 shows the paths of most East Coast hurricanes of
t this century and some of the big ones from times further past.
Given Florida's past hurricane history, more lines will have to be
drawn on this map in coming years.

Where would you want your parents to live?

During the finalstagesof writing this book, someof the authors
(Pilkey, Jr., Neal, and Gruver) took a trip up Highway AiA,
traveling theentirelength of theeastcoastof Florida (fig. 1.7). It
was a revealing experience and one that we would recommend
to all potential beach-front homeowners before their purchase of
property. The trip showed us far better than the reading of tech
nical reports and the scanning of maps and aerial photographs
what is happening to the Florida shoreline. The Ai A traveler can
see the wide variation in the quality ofdevelopment practices along
the shoreline. A surprising (to us) number of communities are
doingtherightthingby holding development backfrom the beach
(forexample, the beaches south of St. Augustine). Butthose com
munities aretheexception rather thantherule. More often, newly
developing areas are allowing buildings to crowd the shore (for
example,the beachessouth of Daytona Beach)where seawalls are

1. Highway A1A—the road to riches 9

often built simultaneously with high-rise construction.
As we drove along AiA, we decided the stiffest standard we

could apply to judging the safety of a beach community was this
one: would we recommend to our parents or our children that
they live there? Recognizing fully that this is probablyan unduly
stringent standard by which to judge coastal development, we
found few areas that would satisfy this criterion. Stepping back
and looking at the big picture of all of Florida's shoreline, we have
concluded (partly as a result of writing the West Florida com
panionvolume to this book) that wewouldprefer that our parents
live on the east coast of Florida rather than the west coast. This is
because so many of West Florida's barrier islands are low in eleva
tion and becausein some areas (the Tampa-St. Petersburgcoast)
the evacuation problem borders on hopeless. Exceptions to these
generalities may be found on the Panhandle coast.

Having settled on the east coast as the safest side of Florida for
our parents, we found a number of communities here that we
classified as low risk (see chapter 4 for our risk analysis). Even in
some of the low-risk zones we would worry about the evacuation
problem, especially for aging parents. Only two areas stand out as
having few or minorevacuation problems, especially ifone chooses
a good site according to the criteria outlined in chapter 4. These
are the Juno Beach area in Palm Beach County and Amelia Island
in Nassau County next to the Georgia border.

The best way to satisfy your own instincts regarding the rela
tive safetyof your proposed living site is to make your own Ai A
odyssey. Take along this book and see for yourself.
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2. How the shoreline works

Most of Florida's east coast consists ofa chain ofbarrier islands.
These barriers, including capes and peninsulas, are narrow strips
of sand that in comparisonwithany other portion of the continents
are extremely dynamic. These islands act as a buffer for storm
waves—hence the term by which they are known. Barrier islands
are found offevery coastal plain coast in the world, and along U.S.
shores the barrier chain extends from the south shore of Long
Island to the Mexican border. The Florida Keys represent one of
the few breaks in the chain. The Keys are a string of upraised
coral reefs that flourished more than 100,000 years ago when the
sea level was higher. They are hard, immobile rock, not uncon
solidated, movable sand like barrier islands.

There is a considerable variation in the size and shape of barrier
islands. For example, Fernandina Island near the Georgia border
is 3 mileswidecompared to Hutchinson Island, a mere200yards
in widthin places. This difference in shapeand sizeis due to many
factors, but the most important is the volume of sand that comes
ashore from the beach. The difference between East and West
Florida's barrier islands can be explained by sand supply. West
Florida's islands are almost all narrow and much lower in elevation
than East Florida's. Less sand has been blown ashore on the west
side to form the all-important sand dunes, and as a consequence
West Florida islands are generally less safe for development.

In this chapter we will discuss how the East Florida shoreline

works. Ironically, considering how important it is to Floridians,
the chain of Florida islands making up the east coast are the least
studied of any such islands along the Atlantic coast. In contrast,
the islands of North Carolina, South Carolina, Delaware, and
Texas have been drilled, trenched, mapped, and photographed by
a whole generation of coastal geologists. Nonetheless, the basic
principles of island and beach evolution are wellestablished, and
we can apply them with confidence to East Florida.

If you plan to live in an East Florida beach community, you
must understand the natural processes at work there. Your safety
and well-being depend on it. The safety and well-being of your
community depend on it. A good place to start in your under
standing of the shore is with the origin of barrier islands.

Barrier islands: where they come from

Florida has barrier islands because of the interaction of a rising
sea level with a coastal plain indented by river valleys (fig. 2.1).
Approximately 15,000 years ago, when sea level wasas muchas
300feet lowerthan today, the Florida shoreline was many miles
offshore,on what is nowthe continental shelf. Vastglacierscovered
the high latitudes of the world, tying up a great volume of water.

But then the ice started melting and the sea began to rise. The
rising water flooded the valleys, forming bodies of water called
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Fig.2.2. The history of the sea-level rise off the east coast of Florida. The insert shows the rise in sea level since 1920.

slightly more than I foot percentury. Keep in mind that this refers
to a vertical rise. The horizontal change—the distance islands
migrate as a consequence—is much greater (fig. 2.5) than the ver
tical rise. In theory, a i-foot rise in sea level should produce a
horizontal shoreline retreat of more than 1,000 feet. How much a
specific island moves depends ontheslope of its migration surface:

the gentler the slope, the more the island will migrate.
The safest assumption you can make about the future of sea-

level rise is that it will continue and accelerate. The National
Academy of Sciences has warned that all evidence points to a
warming of the earth's climate. The burning of fossil fuels has
resulted in excessive production of carbon dioxide, which causes
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Fig. 2.3. Sand Key in Florida Bay. This is a very small barrier island sub
ject to overwash by storm waves. The inlet splitting the island into 2parts
has developed an excellent example of a tidal delta. The body of sand
extending to the right of the inlet is the flood-tidal delta produced by
flood or incoming tides. To the left is the smaller ebb-tidal delta. Photo
by Harold R. Wanless.

the atmosphere to retain heat. This warming is expected to in
crease the melting of the polar ice caps, which, in turn, will raise
sea level.

The Environmental Protection Agency,in a report releaseddur
ing October 1983, suggests that sea level should rise between 2feet
and 10 feet bytheyear 2100. Four feet isthemost plausible figure,
but there is a lot of educated guesswork in these numbers. In any
event, almost certainly the sea-level rise will accelerate and shore
line erosion will increase accordingly.

Barrier island migration

Do you want to prove to yourself that barrier islands migrate?
Ifyou are standing onone now, walk to the oceanside beach and
look at the seashells. Chances are that on most natural Florida
beaches you will find the shells ofoysters, clams, orsnails that once
lived in the lagoon or river onthe back side of the barrier island
between the island and the mainland. How did shells from the
back side get to thefront side? The answer is that the island mi
grated over the lagoon, and waves attacking and breaking up the
old lagoon sands and muds threw the shells up onto the present-
day beach. (This assumes you are looking ata natural beach where
sand has not been pumped in from behind the island or from the
shelf infrontof the island; see chapter 3.) It follows that ifsome of
the shellson Florida's beachesare from preexisting environments,
the average age of the shell material must be quite old. In fact,
many of the shells one picks up on a Florida beach are several
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Fig. 2.4. The sea-level rise illustrated by the level of barnacles on Miami Beach Pier. Photo by Harold R. Wanless.
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Fig. 2.5. A diagram illustrating the theoretical relationship between sea-
level rise and shoreline retreat. A very small rise produces a very large
retreat.

thousand years old and are actually fossils. The U.S. Army Corps
of Engineers, a few years back, obtained some radiocarbon dates
of the shell material on three South Florida beaches. The samples
dated contained a number of shells, and all 3 revealed ages of
around 13,000years. In addition, salt-marsh peats that formed in
back of the islands at some earlier time are exposed occasionally
on oceanside beaches after storms. On Whale Beach, New Jersey,
a patch of mud that appeared on the beachafter a storm contained
(much to the surprise of some beach strollers) cow hooves and
fragments of colonial pottery. The mud was formerly salt marsh
on the back side of the island where a colonist had dumped a
wagonload ofgarbage. Since colonial times thisparticular section
of the island had migrated its entire width! On some Florida
islands,evidence of beacherosion (or of the front side of the island
moving back) can be seen by stumps on the beach. For example,
stumps protrude from the beach at the north end ofJupiter Island
and on portions of Hutchinson Island (fig. 2.6).

Fig. 2.6. A ghost forest on the beach of Hutchinson Island. Very rapid
shoreline retreat is indicated by the presence of such stumps in an envi
ronment where they obviously did not grow.

For an island to migrate (fig. 2.7), the side on the ocean (the
front side) must move landward by erosion, and the side toward
the mainland (the back side) must do likewise bygrowth. Also,as
it moves, the island must somehow maintain its elevation and
bulk. If you have not guessed already, island migration istheterm
that geologists use for what beach cottage or condo owners call
beach erosion (fig. 2.8).
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MAINLAND

100 years from now

50 years from now

Present

Fig. 2.7. Adiagram showing how a barrier island similar to Anastasia Island might behave during the next 100 years. The island
should be expected to initially thin by erosion on both the back and front sides, following which migration will begin in earnest
(assuming an accelerating rise in sea level).
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Fig. 2.8. Astriking example of island migration. The jetties built at the
south end of Ocean City, Maryland(top of photo), caused sand starvation
of adjacent Assateague Island. In the early 1930s the 2 islands formed a
more or less straight line.

Front side moves back by erosion

The beach on the front side moves back because the sea level is
rising. The rise in sea level is a major cause of beach erosion
worldwide, although man can make erosion worse, sometimes
much worse, by interfering with the sand supply. For example,
the groins and seawalls on many of Florida's beaches have in
creased rates of erosion on nearby beaches. The seawall effect is
amply illustrated by beachless Palm Beach. The impact ofgroins
could once be seen during the sixties and seventies on beachless
Miami Beach before the new beach was pumped up in 1981. Even
greater erosion of beaches is usually caused by jetties and artifi
cially cut inlets, examples of which aboundon Florida's eastcoast.
Jetties that have caused serious problems for nearby beaches in
clude those for Miami Harbor, Lake Worth Inlet, and St. Lucie
Inlet.

Back side moves back by growth

There are several ways for an island to widen. On the narrow,
low Florida islands that are separated from the mainland by an
open body of water (called a lagoon or a sound) rather than by a
marsh,a common widening process is that of incorporation of old
flood-tidal deltas from closed inlets.

An inlet is the channel of water between adjacent barrier islands.
The inlet may be a permanent feature in front of the mouth ofa
riveror stream, or it maybe a short-lived feature that forms when
water breaches the island during a hurricane. Eyewitnessaccounts
and other evidence confirm that water sometimes breaks through



the island from the sound side, or back side, as the storm subsides
and high tides retreat. Over the years following the formation of
an inlet, sand carried by incoming tides pours through the gap
and into the sound. This mass of sand is called a,flood-tidal delta
(see fig. 2.3) and forms the shallows on which boats go aground
and through which the Corps of Engineers must dredge to main
tain channels. (There also is a delta, called an ebb-tidal delta, on
the ocean side of an inlet. This is formed by currents flowing out
of the sound during falling tide.)

After a few decades many inlets either close or they migrate
away from the flood-tidal delta. Salt marsh establishes itself on the
shallow delta, and then the salt marsh grasses trap sediment and
cause the land to be built up almost to high-tide level. Thus, new
land is added to the back of the island. The inlet's former position
is marked only by a marsh bulging into the lagoon.

When an inlet migrates laterally to a new position, the flood-
tidal delta moves with it. In other words, as the inlet migrates,
sand continues to pour into the lagoon, and a series of new flood-
tidal deltas are formed along the entire area of inlet migration. In
this way the island is widened over the full distance that the inlet
shifts.

Another way that islands—especially narrow ones—can be
widened is by direct frontal overwash of storm waves from the
ocean side. All barrier islands receiveoverwash during storms. On
large islands the overwash may barely penetrate the first line of
dunes. On low, narrow islandsoverwash may be carried across the
island to reach the lagoon. Overwash waves carry sand that is
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deposited in tongue-shaped or fan-shaped masses called over-
washfans. When such fans reach into the lagoon, the island may
be widened. If islands are backed by salt marshes or mangrove
swamps, overwash sediment may bury them. Interestingly enough,
the vegetation on many islands actually flourishes when buried by
an overwash fan. In a few months some plants grow right up
through the sand layer.

Overwash is the method of back-side growth used by islands in
a hurry—that is, those that are migrating rapidly landward. Cape
Island, South Carolina, and some of Louisiana's islands are exam
ples of islands migrating perhaps tens of feet per year. Between
15,000 and 5,000 years ago when the sea level was rising rapidly,
most American barrier islands were probably of the overwash type.
If the EPA is correct in its predictions concerning the upcoming
accelerated rise in sea level, we can expect many of our islands to
begin thinning down to use the overwash migration mechanism.

The Island maintains Its elevation during migration

The remaining problem of a migrating island is how to retain
its bulk or elevation as it moves toward the mainland. This prob
lem is solved by two processes: dune formation and overwash-fan
deposits.

Dunes are formed by the wind, and if a sufficiently large supply
of sand comes to the beach from the continental shelf via the

waves, a high-elevation island can be formed. Winds blowing on
shore across the beach carry sand that dune plants trap, causing
the sand to accumulate and build up. The wider the beach the
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moresand can be pickedup bywinds.Examplesofwell-developed
ridges of dune sand on Florida's eastcoast include Daytona Beach,
where severalparallel ridgesaffordhigh elevation and a relatively
safe location for construction. More commonly on East Florida's
islandsa single beachridgeor dune lineis found next to the beach.
Frequently Highway AiA, the coastal highway, occupies the top
of this ridge. A particularly good example of a high dune ridge
frontinga beachcan be seenalongthe openoceanshoreoffDelray
Beachand Boynton Beach. Sucha ridgemakesdevelopment safer,
but not if condos and homes are built in front of the ridge, as often
happens.

Sometimes the reason for the lack of dune formation on islands
of lowelevation(for example, many of Florida'swest coast islands)
is the lack of sand supply from the adjacent continental shelf.
Sometimes dunes do not form on an island because the dominant
winds do not blow across the beach and into the island. Finally, if
the natural sand is too fine, it will not build up into dunes.

Size and shape of barrier islands

The most untrained eye can readily see that Florida's islands
come in a wide variety of shapes and sizes. Ponte Vedra Beach
and vicinity consists of a single ridge of sand a few yards wide,
backed up by salt marsh. Fernandina Beach on Amelia Island
occupies a wide, highisland that is heavily forested. Amelia Island
is actually the southernmost of the Sea Islands that make up the
coast of Georgia. Miami Beach occupies a seemingly wide island

with broad Biscayne Bay between it and the mainland. However,
the natural island beforeclearingin 1882 wasa fairlynarrowstrip
of dune sand backed by a broad band of low-elevation mangrove
swamps. At Fort Lauderdale the island is onlyan island because
the intracoastalwaterway separates a strip of landfromthe main
land. Before the development of Fort Lauderdale, a narrow man
grove swamp separated mainland and island, but all signs of this
swamp have disappeared.

Cape Canaveral occupies a piece of land that geologists call a
cuspate foreland. Cape San Bias on the other side of the Florida
peninsula and Cape Hatteras, North Carolina, aresimilar features.
There is no unanimity of opinionas to howsuchcapesform, and
their origin remains a major unresolved question for shoreline
geologists. Offshore from each of the capes isa large bar of sand
called a shoal that extends seaward and upon which many unwary
mariners have come to grief.

The factorsresponsible forallof thesedifferences in islandshape
are numerous. The most importantof themissand supply. If a lot
of sand can come ashore from beaches either by wind or overwash,
the island will be high and wide. Lowsand supplyproduces nar
row, low islands.

The dominant mineral in most of East Florida's beach sands is
quartz, a very stableform of silicon dioxide. The nearest sources
ofquartzarethe rivers of Georgia and South Carolina. Thequartz
sand has beenslowly pushed south by the waves over a period of
several millions of years, and some grains must have traveled as
much as 400 miles. Looking at the sand supply problem from a



more immediate perspective in time, sand for a particular East
Florida beach comes from two sources. It is pushed up from the
shelfby waves, and it is pushed from north to south by longshore
currents in the surf zone. (Longshore currents are further dis
cussed in a later section of this chapter.) Some of the factors that
affect sand supply and hence the shape of islands include island
orientation, steepness of offshore slope,prevailing winddirections,
prevailing wave and storm wave direction, and the tidal range.
Fetch, or distance, over which wind-formed waves can travel is
important, too. Miami Beach is protected from most large storm
waves by the Bahama Banks. No such protection is available for
most of Florida, however, and waves from storms hundreds of
miles away may strike the shore.

One aspect of Florida's barrier islands that is unusual along the
east coastof the UnitedStates is the abundance of rock underlying
them. Rock is particularly common on islands south of Cape
Canaveral. Often the rock crops out on the beach and holds the
island in place much like a massive seawall. The irregular shapeof
thefrontsideof someof the islands is due to rock holding one part
of the beach in place as other sections retreat landward. In times
past some of the rocks were mined for building stone. Important
examples of rocks outcropping on beaches include Seminole Shores
and Blowing Rock in Martin County,and Singers Island, Ocean
Ridge, and Boca Raton in Palm Beach County. An easily acces
sible2-mile stretch of rockybeach is found just south of Marine-
land in Flagler County.
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Barrier island environments

Barrierislandsconsistof a number of distinctand recognizable
environments (or ecosystems) including the beach, beachridges,
back-barrier flats, salt marshes, mangroveswamps,and maritime
forests, to name a few (fig. 2.9). Beach ridges are lines of sand
dunes parallel to the beach that often are the highest areas on
an island. On most of Florida's east coast islands the individual
dune ridges are quite distinct. Many islands have only a single
dune ridge—for example, Hutchinson Island and most of Flagler
County. On the other hand, Daytona Beach sits astride several
parallel ridges that can sometimes still be discerned in spite of
heavy development. Back-barrier flats are, as the name clearly
implies, flat portions of an island on the back or lagoon side. In
southern Florida the fringes of the lagoon side of islands always
are (or at least were before development) a strip of mangrove
trees. North of VeroBeachsalt marshesreplace mangrove swamps
as the dominant back-island fringe.

Each environment on a barrier island is part of an overall inte
grated system, and to some degree it depends on all the other envi
ronments. Perhaps the best example of one environment affecting
others in the system is providedby the roleof the oceansidebeach.
The beach is important because(1) it alters its shape during storms
in such a way as to minimize fundamental damage to the island
by waves, and (2) it is the major source of sand for the entire
island. Examples of the ways in which man has interfered in the
integrated system may best illustrate these functions.
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A particularlyintriguing exampleof man's effectwas discovered
by Dr. Paul Godfrey of the Universityof Massachusetts. He ob
served that the long, continuous, artificial dune built on the open
ocean side by the National Park Service on the Outer Banks of

. North Carolina near Cape Hatteras is causing erosion on the
lagoon side of the island. The problem is that the artificial dune
prevents overwash fans from crossing the island during storms.

' Before the dune was built, overwash frequently reached the back
side of the island, and newsalt marshwas formed on the edge of
the new overwashfan. Newlyformed Spartina marsh is an excel
lent erosion bufferagainst lagoon-side waves. Bypreventingover-
wash, the frontal dune on the ocean side of the island precludes
new marsh growth. Old salt marsh (20 to 30 years old) is a poor
erosion buffer, so the lagoon-sideerosion rate increases.

Ifoverwash ona low-elevation island (suchasportionsofJupiter
and Hutchinson islands) is not obstructed, the marsh in time (10
years or more) builds up its elevation and essentially chokes itself.
The grassthinsout and becomes shorterand lesshealthy. The most
casualobserverswalkingalong the back sideof any marsh-fringed
island in its natural state note that they are walking through
alternately talland shortgrass. The tallgrassis newor fresh grass
on recent overwash; the short grass is old grass on an old overwash
fan. Old marshisa poor buffer against shoreline erosionand soon
begins to give way.

The maritimeforests found in Florida's larger islandsalso illus
trate the integration of island environments. The large trees are
salt-tolerant and form a canopyover the lesstolerant undergrowth.
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The undergrowth, in turn, stabilizes the larger trees by holding
down the soil. If trees are thinned or removed, salt spray can attack
and eliminate the undergrowth. Lossof vegetation allowssediment
to be eroded by wind or other processes, thereby destroying the
larger trees.

Much has been said about the damage to islands by dune buggies
and other off-road vehicles. This problem further attests to the in
tegration of island environments. Dune buggiescan prevent dunes
from stabilizing (becoming stationary), and destabilization (mov
ing sand) may result in destroyed dunes and vegetation, followed
by sand dune migration into maritime forests or developments.

The most common cause of excessive sand movement on barrier

islands is construction. The problem is particularly acute during
the early stages of construction, and in many instances sand move
ment has halted a building project altogether. Also, a common
mistake made on barrier islands is the type of road construction
leading to developments. On many American barrier islands you
can drive along roads that parallel the beach and observe that at
the end of each feeder road there is a giant notch cut through the
last row or two of dunes. Such notches are certain someday to pro
vide a path for storm-wave overwash. Beach access roads should
go over not through dunes, and they should be curved rather than
straight.

Beaches: the dynamic equilibrium

The beach is one of the earth's most dynamic environments. The
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beach—or zone of active sand movement—is alwayschanging and
always moving, and we now know that it does so in accordance
with the earth's natural laws. The natural laws of the beach control
a beautiful, logical environment that builds up when the weather is
good, and strategically (but only temporarily) retreats when con
fronted by big stormwaves. This system depends on four factors:
waves, sea-level rise, beach sand, and shape of the beach (fig.
2.10). The relationship among these factors is a natural balance
referred to as a dynamic equilibrium: when one factor changes,
the others adjust accordingly to maintain a balance. When we
enter the system incorrectly—as man often does—the dynamic
equilibrium is destroyed.

The beach quiz

Answers to the followingoften-asked questions about beaches
mayclarifythe natureof this dynamicequilibrium. It is important
to keepin mind that the beachextends fromthe toeof the duneto
a depthof 30to 40feet, which may be miles offshore. It is the zone
of sand movement during storms. The part on which we walk or
sunbathe is only the upper beach.

How does the beach respond to a storm?

Old-timers and storm survivors from barrier islands frequently
have commented on how flat and broad the beach is after a storm.
The flat beach can be explained in terms of the dynamic equi
librium. As wave height increases, the dunes at the back of the

Beach sand supply

>»^a_a- Rise 1n sea level
f due to melting

->v-a1a. glaciers

Size of waves

Fig. 2.10. The dynamic equilibrium of the beach.

beach are eroded and sand is moved seaward across the beach,
changing its shape. The reason for this storm response is quite
logical. Thebeach flattens itself sothatstorm waves expend their
energy over a broader, more nearly level surface. On a steeper
surface—take a vertical seawall, for example—storm-wave energy
would be expended on a smaller area, causing greaterdamage.

Figure 2.11 illustrates the way in which the beach flattens. In
summary, the waves take sand from the upper beach or the first
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Pre-storm profile

dl(Shaded area A1 is approximately equal to shaded area A.)

Fig. 2.11. Storm response by the healthy natural beach.
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portion of the American barrier coast—which runs approximately
10,000miles from the south shore of Long Island down and around
to where the Texas coast meets Mexico—the sand comes from the

adjacent continental shelf. It is pushed up to the beach by fair-
weather waves. Additional sand, sometimes very large quantities
of it, is carried laterally by longshore currents that move in the
surf zone parallel to the beach. Rivers contribute sand directly to
barrier beaches only along the Gulf coast, starting with Florida's
Apalachicola River. Along the rest of America's barrier chain,
sand carried by rivers does not make it to the coast. Rather it is
deposited far inland at the heads of estuaries or behind man-made
dams.

It is important for beach dwellers to know about or at least have
some sense of the source of sand for their beach. If, for example,
there is a lot of longshore sand transport in front of your favorite
beach, the beach may well disappear if someone builds a groin or
even a seawall upstream. Community actions taken on adjacent
islands or inlets potentially could affect your beach, just as your
actions may affect your coastal neighbors.

Where do seashells come from?

The main source of shells on a beach is from animal commu

nities that line the nearshore zone adjacent to the beach. As we
already have discussed, some of the shells on Florida's beaches
were originally deposited behind the island and came to the beach
after the island migrated right over them. If you use a shell book to
identify all of the specimens from a beach, you will find a number
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of species that do not belong near an open ocean beach. Instead,
they came from the lagoon or estuary.

Another source of shells on a number of beaches south of Cape
Canaveral (for example, Boynton Beach, Vero Beach, and Jupiter
Island) are outcropping rocks containing abundant fossil shells.
As waves break the rock up, the fossil shells (which are often
stained brown) become part of the beach sand and usually are
transported south by longshore currents.

Why do beaches erode?

As we have already pointed out, beach erosion (figs. 2.12 and
2.13) is the cottage owner's term for the larger process called is
land or shoreline migration. Its principal cause is the sea-level rise
—presently judged to average about 1 foot per century along
American shores. We in Florida can be thankful that we do not

have the more rapid 3-feet per century rise of portions of the New
England coast. (The reason sea-level rise can be different in dif
ferent coastal areas is that the land also may be sinking or rising
slowly relative to sea level.)

On a year-to-year basis this sea-level rise is imperceptible. The
actual erosion is still achieved by waves, so our short-term observa
tion is to associate extensive erosion with a particularly intense
storm. Our responses tend to be directed at such storm events
when we design "protective" structures such as groins and revet
ments. The prime cause for erosion, however, is the sea-level rise.
The impact of this rise is within one's lifetime and should not be
regarded as such a long-term event as to be of no consequence.
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Fig. 2.12. Beach erosion is about to catch up with this condo and has
already caught up with the house down the beach. This is a low-tide
scene from Vero Beach, looking north. Photo by Dinesh Sharma.

Increasingly, along the East Florida shore, man is becomingthe
major cause of shoreline erosion. Takejetties, for example. Almost
every Florida inlet is jettied, and almost everywhere erosion is
rampant south of the jetty. This is discussed in more detail in
chapter 3.

Fig. 2.13. The roots on this palm tree on Key Biscayne are exposed due
to beach lowering or loss of sand, that is, beach erosion. Photo by Bill
Neal.



Are the shorelines on the back sides of our Islands eroding?

The back side (lagoon side) of most American barrier islands is
eroding just likethe openoceanside. The reason for this, in large
part, is the rise in sea level. However, most of Florida's heavily
developed islands now have seawalls on the back side that halt the
erosion. Where development is less heavy, particularly north of
Cape Canaveral, manyexamplesof erodingmarshesand beaches
can be seen on the back sides of islands.

What can I do about my eroding beach?

Thisquestion hasno simple answer, but it isbriefly addressed in
chapter 3. If you are talking about an open ocean shoreline, there
is nothingyou can do unless (1) you are wealthy or (2) the U.S.
ArmyCorps of Engineers steps in. Your best response, especially
from an environmental standpoint, is to move your threatened
building back. The bottom line in trying to stop erosion of an
open oceanshoreline is that the methodsemployed willultimately
increase theerosion rate. For example, the simple act of hiring a
friendly bulldozer operator to push sand up from the lower beach
will steepen its profile and cause the beach to erode more rapidly
duringthenextstorm.Pumpingin newsand(replenishment) costs
a great deal of money, and in most cases the artificial beach will
disappear much more rapidly than its natural predecessor. For
example, artificial beaches at Pompano Beach and Hobe Sound
disappeared much faster than originally predicted.

There are many ways to stop erosion in the short run if lots of
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money is available. But, in the long run, erosion cannot be halted
except at the cost of losing the natural beach.

// most ocean shorelines are eroding, what Is the long-range future
of beach development?

The long-range future of beach development will depend on
how individual communities respond to their migrating shoreline.
Those communities that choose to protect their front-side houses
at all costs need only look to portions of the New Jersey shore to
see the end result. The life span of houses can unquestionably be
extended by stabilizing a beach (i.e., slowing the erosion). The
ultimate cost of slowing erosion, however, is loss of the beach.
The time required for destruction of a beach is highly variable
and depends on the shoreline or island dynamics. Usually an ex
tensive seawall on a barrier island will do the trick in 10 to 30
years. Often a single storm will permanently remove a beach in
front of a seawall.

If, when the time comes, a community grits its teeth and moves
the front row of buildings or lets it fall in, the beaches can be saved
in the long run. Unfortunately, so far in America, the primary fac
tor involved in shoreline decisions, which every beach community
must sooner or later make, has been money. Poor communities
(Folly Beach in South Carolina or Sargent Beach in Texas) let the
island roll on. Rich ones try to stop it.

Therein lies a problem of high-density development right next
to the surf zone. As the shoreline recedes naturally and predict
ably,it isonethingfora community to allow individual cottages to
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fall in, but 20-storycondominiums would be a "bit" more painful
to allow to disappear.

The future of shoreline development in East Florida appears to
be one of increasing expenditure of money leading to increasing
loss of beach.

A word about storms and hurricanes

Sea-level rise may be the ultimate villain in the shoreline saga,
but hurricanes are the most memorable actors. Coastal processes
or wind, wave, storm surge (the increase in water level during
a storm), and overwash are greatest during hurricanes, but the
majority of today's coastal residents and property owners have not
experienced suchstorms.The relatively hurricane-free periodfrom
the 1960sto the present has contributed to an apathetic disregard
of the hurricane menace and has increased development in high-
hazard zones. Time is not on the side of such development.

Although hurricanes get the lion's share of the publicity and
public awareness campaigns, the shorelines of the east coast of
Florida are probably more endangered by "common, old, every
day" winter storms, particularly northeasters. In the county-by-
county descriptionsof East Florida shoreline safetyclassifications
(chapter 4) quite a bit is said about northeaster storms in recent
years. Northeastersdifferfrom hurricanes in that they hang around
longer and pound the shoreline for days rather than hours. The two
biggest storms in recent years were the Ash Wednesday storm of
1962 and the Lincoln's Birthday storm of 1973. The 1962 storm

was the biggest Atlantic stormofthiscentury. It struckduring the
full moon, the timeof spring tides, and it hovered offshore for 3
longdays. A greatdealof shoreline retreat and severe damage to
buildings built too close to the shore were reported from South
Florida to Massachusetts. The greatest damage wasdone along the
New York-New Jerseyshoreline. Flooding of low areas on barrier
islands also can be severe during big northeasters. Floodwaters
from the ocean are pushed up into lagoons and estuaries by these
storms just as in the case of hurricanes. Thewise Florida coastal
dweller will watch out for northeasters as well as hurricanes!

Each yearon June 1theofficial hurricane season begins. Forthe
next 6 to 7 monthsconditions are favorable for hurricane forma
tionover the tropical to subtropical waters of the Western Hemi
sphere. Hurricanes thatultimately strike theeastern United States
tend to originate in the Gulf of Mexico or Caribbean Sea early
in the season, and later in the season (August, September, and
October) in the eastern North Atlantic Ocean.

Although meteorologists are still seeking answers to the causes
and mechanics of hurricanes, the basic modelof what happens is
known. During the summer the surface waters offWest Africa
heatup to at least 790 F. Evaporation produces a layer of warm,
moist air over the ocean. This moist air is trapped by warm air
coming offthe African continent, but some isdrawn upward. As
the moistair rises, it cools and condenses, releasing heat, which in
turn warms the surrounding air, causing it to rise. As a resultof
theincreasing mass ofrising air,a low-pressure area forms (tropi
cal depression), and warm, easterly winds rush in to replace the
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daily a spring tide during a full moon, the effects of storm-surge
flooding, waves, and overwash will be magnified.

Today the hurricane watchers of the National Oceanic and
Atmospheric Administration track hurricanesand provide advance
warning for the evacuation of threatened coastal areas. Yet as little
as 9 to 12hours advancewarning may be all that is possible, given
the unpredictable turns a hurricane may take. That is not much
lead time.

Hurricane probability and rank

In modern times, storms have been compared in terms of dollar
loss, but this comparison reflects the nature of the development
damaged rather than the strength of the hurricane. Likewise,
smaller storms of less than a century ago were more deadly than
the largest of today's storms. Today, advance warning, efficient
evacuation, and safer construction should result in low casualty
rates even in a major hurricane. But unsafe development, allowing
populationgrowthto exceed the capacityfor safeevacuation, and
complacency on the part of coastal residents could reverse this
trend with shocking results.

Many of the areas of dense population on Florida's islandsare
virtually impossible to evacuate completely before the onslaught
of a storm. In southern Florida care must be taken in choosing a
placeto evacuate because many inland areas also will be flooded
by the same storm that will inundate the island. Juno Beachand
environs is an exampleof a beach area where high elevations are
available for evacuation immediately adjacent to the beach. But
the Miami Beach-Fort Lauderdale shoreline stretch is backed by

Table 2.1. The Saffir/Simpson Scale with pressure ranges, winds,
surge, and damage classification.

Scale
Central pressures

Winds

number Millibars Inches (mph) Surge Damage

1 980 28.94 74-95 4-5 Minimal

2 965-979 28.5-28.91 96-110 6-8 Moderate

3 945-964 27.91-28.47 111-130 9-12 Extensive

4 920-944 27.17-27.88 131-155 13-18 Extreme

5 920 27.17 155+ 18+ Catastrophic

large areas of low-elevation mainland, and care mustbe taken to
choose your storm haven.

The National Weather Service has adopted the Saffir-Simpson
scale (table2.i) for communicating the strengthof a hurricane to
public safety officials ofcommunities in thestorm's potential path.
The scale ranks a storm on three variables: wind velocity, storm
surge, and barometric pressure. Although hurricane paths arestill
unpredictable, the scale communicates quickly the nature of the
storm—what to expect in terms of wind, waves, and flooding.

Do not be misled by suchscales, however. A hurricane isa hur
ricane. The scale simplydefines how bad is bad. Whenthe word
comes to evacuate, do it. Wind velocity may change, or the con
figuration of thecoastmay amplify storm-surge level, so thecate
gory rankcanchange. Do notgamble with your life or thelives of
others.

See appendix Afora checklist ofthings to do when a hurricane
threatens.



3. Shoreline engineering: the impossible dream?

Rising sea level, diminishing sand supplies, and barrier island
migration have caused shoreline retreatalong muchof the Ameri
cancoast.Thecommon response to this naturalprocess hasbeento
tryand stopit—stabilize thebeachsoit no longermoves landward.

Shoreline engineering isa termthat refers to methods ofchang
ing or altering the natural shoreline system in order to stabilize
it, that is,to hold it in place. Shoreline stabilization isa synonym
for shoreline engineering. Stabilization methods range from the
simple planting ofdune grass to thecomplex construction oflarge
seawalls using draglines, cranes, and bulldozers. Stabilization is
usually carried out in response to a recognized danger to buildings
located next to a beach. Examples of such stabilization abound on
Florida's east coast: Fernandina Beach, Jacksonville Beach, St.
Augustine Beach, Daytona Beach, Cocoa Beach, Vero Beach,
Jupiter Island, Palm Beach, Hillsboro Beach, Fort Lauderdale,
and KeyBiscayne, to namejust a few. Sometimes stabilization, es
pecially beach replenishment, iscarried outbothto prevent build
ings from falling into the sea and to increase the recreation value
ofa beach. This isthecase inJacksonville Beach, Pompano Beach,
Jupiter Island Beach, and Miami Beach.

Local rhetoric to the contrary, most shoreline engineering is
carried out to savebuildingsand not beaches. Beaches never need
saving. When left alone in their natural state, beaches change their
position in space but always remain "healthy" strips of sand.

Another way of saying this: if we allow all of the cottages and
condos to fall in as the shoreline erodes, the beaches will remain
perfectly healthyand usablebyall who wish to fish, swim, picnic,
surf, camp, hike, stare at the surf, or whatever. It may not be
realistic on the Florida political scene to allow 20-story condos
presently located at the surfs edge to topple into the ocean as the
beach retreats, but it should be made clear to all concerned that
the natural beach itself never needs man's help and that shoreline
stabilization becomes necessary only when man builds his struc
tures too close to the sea. Man is the only enemy the beach knows
(figs. 3.1 and 3.2).

The economic and environmental price of stabilizing a beach
can be stiff indeed. Replenishment of beaches costs on the order
of $1 million to $6 millionper mile. Seawalls cost $300,$800,and
even $1,000 per foot of shoreline.

There are, of course, a few situations in which stabilization is
an economicnecessity. Channels leading to our major state ports
such as Miami and Jacksonville, for instance, must be maintained,
and damage to local beaches may be an acceptable price. In other
cases recreational value may be used as justificationfor groins and
replenishment. For example, Jones Beach, New York, may have
hundreds of thousands of swimmers on a single summer weekend
day. Such beaches can be considered to be national treasures and
if their maintenance requiresa great deal of tax moneyand even
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Fig. 3.1. This beach scene of 1909 clearly shows that Palm Beach has lost a great deal of beach in the interim and that the formality of beach attire
has changed during the same time period. Photo courtesy of the Palm Beach Historical Society.



some damage to nearby beaches and structures, so be it. Perhaps
Fort Lauderdale's jammed beaches fall in the national treasure
category.

There are three major types of shoreline stabilization: (i) beach
replenishment, (2) groins and jetties, and (3) seawalls. These are
discussed below in order of increasing environmental damage.

Stabilizing the unstable

Beach replenishment (nourishment)

If you must "repair" a beach, beach replenishment is the most
gentle approach. Replenishment, sometimes called nourishment,
consists of pumping or trucking sand onto the beach and building
up the dunes and upper beach that have been lost to erosion (fig.
3.3). Sufficient money is almost never available to replenish the
entire beach that extends out into the water to a depth of about 30
to 40 feet. Thus, only the upper beach is covered with new sand.
In effect, a steeper beach is created (fig. 3.4).

The steepened beach quickly becomes less steep, because a
replenished beach erodes very rapidlyas the beach systemattempts
to come to a more natural profile. Experience suggests that (de
pending on a number of factors such as the grain size of the sand)
erosion of a replenished beach will occur at a rate that is at least
10 times that of the natural beach. Even more fundamental than

steepening as a cause of erosion is the problem of sea-level rise
(discussed in chapter 2 and later in this chapter).

For beach replenishment, sand is either pumped from the back
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Fig. 3.2. Palm Beach today. Note the reflected wave. Photo by Orrin
Pilkey, Jr.

side of the island, from a nearby inlet during periodic dredging,
from a pit on the island, or from the continental shelf; most often
it is taken from the shelf. Sand from the landward side of the

island tends to be too fine; it quickly washes off the beach. Fur
thermore, dredging in back of the island disturbs the ecosystem,
and the resulting hole affects waves and currents there, and this
can cause harm.

The best source of sand environmentally, but also the most
costly, is the continental shelf. Extreme care must be taken not to
destroy coral colonies and other organisms away from the imme-
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Fig. 3.3. Molding sand recently pumped up on a beach with a bulldozer,
Lauderdale-by-the-Sea. Photo by Bill Neal.

diate shelf-dredging area. Also coral head fragments greatly reduce
the recreational value of the beach (figs. 3.5 and 3.6), for example,
both Miami and Pompano beaches. Another problem, warns Dr.
Victor Goldsmith, formerly of the Virginia Institute of Marine
Science, is that when a hole is dug on the shelf, wave patterns on

nourished
beach

oversteepened
beach

I

entire natural
beach

Fig. 3.4. Why replenished beaches disappear faster than natural beaches.

the adjacent shoreline will likely be affected. Offthe Connecticut
coast wave patterns were altered by a hole dredged on the shelf,
and the replenished beach quickly disappeared as a result. This
may be part of the reason why the Pompano Beach and Jupiter
Island Beach nourishment projects disappeared so quickly.

Beach replenishment also can create a false sense of security
about storms because past damage is concealed. In addition, the
value of property behind a nourished beach is maintained or
increased, and this spurs an increase in development, including
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Fig. 3.5. Removing coral fragments from a replenished beach to increase
the "swimmability." North of Hollywood Beach. Photo by Bill Neal.

condominiums. This has happened at Jacksonville Beach. The
growth in development density will increase the demand and poli
tical pressure from the community for continuing rounds of beach
replenishment. The presence of beach-front condominiums makes
the building relocation alternative response to the eroding shore
line an impossible dream.
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Fig. 3.6. A pocket of coral head fragments on Miami Beach. Photo by
Orrin Pilkey, Jr.
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Beaches cannot be replenished ad infinitum. Sand supplies be
come exhausted, more distant, and always more costly. Naturally
sand supply diminishes as the stabilized island, held in place where
we think it "should be," becomes more and more out of equi
librium with the rising sea level. Past experience tells us that,
inevitably, the island community will resort to more drastic stabi
lization measures such as a seawall.

The most celebrated replenishment project of recent years took
place in Miami Beach where 15 miles of beach were replaced at a
cost of $68 million. Completed in 1981, the project unquestionably
has revitalized the tourist industry of Miami Beach (figs. 3.7 and
3.8), and at the same time the new beach is a very important
element in hurricane protection. Before the storm waves can begin
to smash into buildings, they first must smash into and remove the
new beach.

The new Miami Beach is the envy of many coastal communities
with narrowed or nonexistent beaches, but the S68 million price
tag to benefit 10 miles of shoreline makes it a very costly solution.
The costs do not end here. The new Miami Beach will gradually
disappear in response to normal erosion processes and the rising
sea level. It will need frequent re-replenishment or what the Corps
of Engineers calls beach maintenance. In a big storm it could all
disappear almost overnight, but that is one of the purposes of the
beach; to sacrifice itself to save the community from direct wave
attack.

There is a possibility that the new Miami Beach berm will

Fig. 3.7. The "old" Miami Beach, 1972. The principal reason that the
beach disappeared in Miami Beach may simply be that buildings were
built virtually out on the beach. Photo by Orrin Pilkey, Jr.



Fig. 3.8. The northend ofthe newMiami Beach, 1983. Photo by Bill Neal.

actually increase flooding on the lagoon side of the island in the
next storm. This along with other aspects of the new beach are
discussed in the field trip guideat the end of this book.

Material for the beach was derived by dredging on the conti
nental shelf in front of the beach. The old Miami Beach was made
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up largely of hard quartz sand. The new beach is made up of the
much more delicate shells of marine organisms, some of which are
microscopic in size. At the other end of the size spectrum are
cobbles of limestone and reef fragments that are hazards to the
bare feet of swimmers. The fine size and delicate nature of much

of the new Miami Beach is responsible for the murky water in a
surf zone once renowned worldwide for its clarity.

Beach replenishment seems to be the wave of the future for
all the Florida shore. It is certainly an approach preferable to the
old New Jersey method of building bigger and bigger seawalls. In
the summer of 1983 Pompano Beach was pumping up its second
major beach in just a few years. Almost certainly in 2 to 5 more
years the new beach will have largely disappeared and will need
re-replenishment at an additional cost of millions. In the case of
Pompano Beach there is a good likelihood that the sand is being
pumped from too close to shore, and the new beach may simply
be "falling back" into the hole whence it came. Expert geological
or oceanographic advice is needed to choose an offshore dredging
site, but so far Florida beach replenishment projects seem to be
the exclusive realm of the engineering profession.

Hobe Sound (Jupiter Island Beach) is now replacing its beach
for the third time since 1974. In all, this very exclusive and wealthy
community will have spent more than $7 million in a decade to
maintain about 5 miles of beach. The money is entirely raised
from the 400 or so families on the island, and, as a consequence,
the community's beach front remains private property except for
a public park. When state or federal tax money is used, as on
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Pompano Beachand Miami Beach,convenient publicaccess must
be maintained.

There is an additionalproblemthat must be addressed (fig. 3.9)
when beach replenishment is contemplated: we observed a high
density of turtle tracks and turtle egg nests on Hobe Sound beach
at the locationof the ongoing 1983 summer replenishmentproject.
Burial of turtle nests will, of course, prevent their hatching.

In general, the minimum cost of beach replenishment is ap
proaching $2 million per mile in the United States. Consider that
virtually thousands of miles of American shoreline have buildings
crowded close to the beaches, and that all of these communities
willsoon be in danger from shorelineerosion becausethe sea level
is rising. If the majorityof thesecommunitiesseek to stabilizetheir
shorelines, the potential cost to taxpayers, local and federal, is
tremendous. So much so in fact that a taxpayers' rebellion is brew
ing, as reflected by the passage of the barrier island bill in the 1982
session of Congress (see chapter 5). This legislation removes all
future expenditures (federal subsidies) on presently undeveloped
barrier islands. Future federal support for beach replenishment
most likely will become more and more difficult to obtain.

In summary, beach replenishment is unquestionablysuperior to
other forms of stabilization. However, it upsets the natural system,
and it iscostlyand temporary,requiring subsequent replenishment
projects to remain effective. The Corps of Engineers refers to its
beach nourishment projectsas "ongoing,*' but "eternal" might be a
better word. Also, serious economic questions can be raised when
the facts associated with beach nourishment are considered—

especially since it is not thegeneral public (which pays for these
projects through taxes) that typically receives the greatest benefit
from them. Cries for beach nourishment projects invariably come
from those with direct economic interest associated with beach
use—that is,from owners ofcottages, motels, beachwear andgift
shops, and other commercial ventures inthe community, especially
owners whose buildings areindanger of falling intothesea. Beach
nourishment paid for with tax money is a form of government
subsidy for the "well-off."

Thus, thereare many problems associated with beach nourish
ment, but youcansaythisforit—itisa lotbetterthanthefollow
ing types of stabilization.

Groins and Jetties

Groins and jetties are walls extending into the ocean from the
shore, perpendicular to the shoreline. A jetty, often very long
(sometimes miles), is intended to keep sand from flowing into a
ship channel; jetties frequently come in pairs, one on each side
of the channel. Groins are much smaller walls built on straight
stretches of beach away from channels and inlets. They are in
tended to trap sand flowing in the longshore (surf-zone) current.
There are groins present today on many Florida beaches; in fact,
it is hard to find a developed community without at least a few
groins. Groins can bemade ofwood, stone, concrete, steel, nylon
bags filled with sand, and evenwrecked cars.

Both groins and jetties are very successful sand traps. Ifa groin
isworking correctly, more sand should bepiled uponone side of
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Fig. 3.9. A nesting loggerhead turtle.
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Fig. 3.10. Asmall groin incorrectly labeled as a jetty. North is to the right.
Photo by Bill Neal.

it than on the other. The problem with the groin is that it traps
sand that is flowing to a neighboring beach. Thus, if a groin on
onebeachis functioning well, it mustbe causing erosion elsewhere
by starving another beach (fig. 3.10). The same is true, of course,
for jetties. Sand trapped on the north side of Florida's east coast

Fig. 3.11. Jetties at Lake Worth Inlet, Palm Beach. Sand has piled up on
the north side of the channel, and the shoreline to the south is eroding.
Photo by Bill Neal.

jetties isusually destined for the next island to the south (fig. 3.11).
Miami Beach illustrates the results of groin use. After one was

built in the 1920s, countless others had to be constructed—in self-
defense. Prior to the 1980 beach renourishment project, Miami
Beach looked like a military obstacle course, with groins obstruct-



ing both pedestrian and vehicular traffic. Groins and other forms
of shoreline engineering, combined with too-close-to-the-beach
construction, destroyed what remained of Miami Beach after the
1926 hurricane.

Most inlets between Florida's barrier islands are jettied, and
severe beach erosion problems haveresulted. As mentioned above,
usually sand is trapped on the north side of the jetty while to the
south the beaches are eroding. Adding to the problem is hopper
dredging. Most of Florida's inlets are "cleaned out" periodically
by hopper dredges that dump their loads at sea. The sand thus lost
entirely from the beach system would bebetterpumped upon the
southerly side of inlets. However, this is much more costly than
dumping at sea. Floridians would improve their beaches consi
derably if they would outlaw hopper dredging and then come up
with extra funds to pump inlet channel sand onto the adjacent
beaches on a routine basis.

One way to reducethe bad effects of jettiesis by pumpingsand
across inlets (sand bypassing). A well-known example of this can
be found in the permanent pumping station at Lake Worth Inlet
at the north end of Palm Beach (fig. 3.12). This station pumps
sand from the north side of thejetty to thesouthside. The pump
ing station must help to somedegree, but the offset of North Palm
Beach Island and the general lack of beaches in Palm Beachattest
to the fact that there is still a sand shortage.

The beach buildup on the north side of Florida's jettied inlets
may cause erosion elsewhere, but at least it provides a wide beach
for the upstream community. Unfortunately, moreoften than not,
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Fig. 3.12. The sand bypass system on the north side of Lake Worth Inlet.
Photo by Bill Neal.

buildingscreep out onto the new beach, thus losingthe safety and
aesthetic advantage afforded by the broad beach. In one east coast
case a 26-story condominium has been built next to the beach just
north of a jetty. This massive building is in danger from both the
beach and the inlet, 2 very dynamic environments during a storm.
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Better to have built awayfrom the inlet and back from the beach.
Examples ofconstructioncreeping out on the newbeach nextto

a jetty include buildings in Fort Lauderdale, Jupiter Inlet Colony,
and Singers Island.

Seawalls

Seawalls, built parallel to the shoreline, are designed to receive
the full impact of the sea at least onceduring a tidal cycle. Present
in almost every highly developed coastal area, seawalls (fig. 3.13)
are very common along the East Florida shore. Also common
along the Florida shore are bulkheads and revetments. Bulkheads
are a type of seawall placed farther from the shoreline in front of
the first dune—or what was the first dune. They are meant more
to hold back the land than to hold back the sea. Revetments are
usually stone facings placed on eroding dune scarps or bluffs (fig.
3.14) or at the base of seawalls (fig. 3.15) to slow storm-wave
erosion. These are frequently made of loose stacks of large stones.
A wave breaking on a stone revetment will lose part of its water
volume in the spaces between the rocks, and this reduces the ero
sive effect of the backwash of the wave. The Corps of Engineers'
shore protection manual, the "bible" of engineering at the shore,
notes that seawalls, bulkheads, and revetments have the same
deleterious effect on the beach.

Building a seawall, bulkhead, or revetment is a very drastic
measure. Such structures harm the environment in the following
ways:

1. Walls reflect waveenergy,ultimately removing the beachand

Fig. 3.13. The seawall in front of the Marco Polo Hotel, Sunny Isle. Photo
by Bill Neal.

steepening the offshore profile. The length of time required for
this damage to occur isfrom 1to 30 years. The steepened offshore
profile increases thestorm-wave energy striking the shoreline; this
in turn increases erosion.

2. Walls increase the intensity of longshore currents, which
hastens removal of the beach.



Fig. 3.14. Revetment at the north end of Jupiter Island. Columns in the
water are probably remnants of destroyed groins. Photo by Barb Gruver.

3. Wallsprevent the exchangeof sand between dunes and beach.
Thus, thebeach cannotsupply new sand to thedunes ontheisland,
and the beach cannot flatten as it tends to do during storms.

4. Walls concentrate wave and current energyat the endsof the
wall, which increases erosionat these points.

The emplacement of a seawall or other hard structure is an
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Fig. 3.15. Neptune Beach seawall and revetment. Photo by Dinesh C.
Sharma.

irreversible act. By gradually removing the beach in front of it,
every seawall must eventuallybe replaced witha bigger ("better"),
more expensiveone (fig. 3.16). Although a seawall mayextend the
lives ofbeach-front buildings in normal weather, it cannot protect
those on a low-lying barrier island from the damage (fig. 3.17)
caused by hurricanes; it cannot preventoverwash or storm-surge
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NATURAL BEACH RETREAT BEACH RETREAT WITH A SEAWALL

HOUSES LOST! BEACH SAVED! HOUSES SAVED' BEACH LOST!

Fig. 3.16. The Seawall Saga. Beaches or buildings, take your choice!
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Fig. 3.17. The revetment at Ocean Ridge, South Palm Beach. Photo by
Dinesh C. Sharma.

flooding. In fact, floodwaters may be trapped and held behind
such a wall during a storm.

Ifa wall is truly massive like theone in Galveston, Texas, it can
save lives and protect property even during hurricanes. Hurricane
Alicia (1983) passed just west of Galveston, and 50,000 people
rode out the storm in town. The massive Galveston-typewall is far
too costly for most communities. It was built in response to the
1900 storm that killed 6,000 people. Ifa storm with the intensity
of HurricaneCamille (1969, Mississippi) were to strikeGalveston
with 50,000 inhabitants still ontheisland, thedeath toll would be
similar to the 1900 catastrophe.



The long-range effect of seawalls can be seen in New Jersey. In
Monmouth Beach, New Jersey, a few years ago the town building
inspector told of the town's seawall history. Pointing to a seawall
he said, "There were once houses and even farms in front of that
wall. First we built small seawalls and they were destroyed by the
storms that seemed to get bigger and bigger. Now we have come to
this huge wall which we hope will hold." The wall he spoke of, ad
jacent to the highway, was high enough to prevent even a glimpse
of the sea beyond. There was no beach at all in front of it; instead
there were remnants of old seawalls, groins, and bulkheads for
hundreds of feet out to sea.

Hardly a beach community in Florida exists without revetments
and seawalls (fig. 3.18), and the situation is deteriorating. Some
communities and counties are doing better than others in prevent
ing their construction. For example, the new construction in beach
areas south of St. Augustine includes few seawalls, but south of
Daytona there are condos being constructed simultaneously with
seawalls jutting out on the beach.

If the techniques of shoreline stabilization have such a poor
long-rangesurvival record and cause so much destruction, why are
they used? The answer is (1) seawallshave been very successful in
protecting buildings, and jetties have been very successful in main
taining channels; (2) only recently have we begun to understand
the great environmental damage done by these structures. When
the earliest of these structures were built, they were thought to be
"solutions." Most shoreline engineering projects have a design life
of less than 20 years, and long-term geologic effects beyond, say,
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Fig. 3.18. Most of the heavily developed Florida islands are completely
bulkheaded on the back side. This example is in Hallandale Beach. Photo
by Orrin Pilkey, Jr.

50 years are simply not considered. Our experiences with the ero
sive effects of the Charleston jetties, the Cape May, New Jersey,
jetties and seawall, the Miami Beach groin field, and numerous
other projects should send a clear message to Floridians that the
long-term consequences must be considered, figured into cost-
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benefit ratios, and entered into the final decision of whether to
pursue a stabilization project or not.

Some states such as North Carolina and Maine are in the pro
cess of legislating against seawalls. These states are recognizing
that the recreational beach is the property of all citizens and must
not be harmed, even if buildings must fall into the sea. However,
compared to the heavily developed areas of the Florida shore
line, the North Carolina and Maine shores look like a pristine
wilderness.

Sea-level rise: built-in obsolescence

There are several reasons why shoreline stabilization is growing
by leapsand bounds in East Florida, but the most important and
fundamental reason is that the sea level is rising. (See chapter 2
for a discussion of sea-level rise and its effects on barrier islands.)
In Florida this rise may amount to more than I foot per century.
All along the American shore, what we now call beach erosion
may largely be a response to the rising sea.

Figure 2.7 shows a hypothetical island responding to a hypo
thetical rise in sea level. The island becomes thinner and moves
back. If the island is prevented from doing this and is held in the
original position, it will become increasingly precarious astheyears
go by. As an extreme example, imagine what would happen if
engineers had tried to holdan island in place whenit first formed
at theedgeof the continental shelf12,000 yearsago.Now it would
be 150feet or so below sea level,and the seawalls indeed would

have to be spectacular in size! Stabilization is an attempt to hold
back a sea that is rising, but shoreline structural designs do not
take this phenomenon into account. Obsolescence is built into the
structures.

Questions you should ask, or how to talk to your consultant

When a community is considering someform of shoreline en
gineering, it is almost invariably done in an atmosphere of crisis.
Buildings and commercial interestsare threatened, time is short,
an expert is brought in, and a solution is proposed. Under such
circumstances the right questions are sometimes not asked. The
following is a list of questionsyoumight ask if youfind yourselfa
member of such a community.

1. Will the proposed solutionfor our shoreline erosion problem
damage the recreational beach? in 10years? in 20years? in 30
years? in 50 years?

2. How much will maintenance of the solution cost in 10 years?
in 20 years? in 30 years? in 50 years?

3. If the proposed solution is carried out, what is likelyto hap
penin thenextbignortheaster? southwester? mild hurricane?
severe hurricane?

4. What is the natural erosion rate of the shoreline hereduring
the last 10years?20years? since the late 1930s whenthe first
coastal aerial photography took place? since the mid-i8oos
(the time when the first accurate Florida shoreline maps were
surveyed by the old U.S. Geodetic Survey)?

5. What will the proposed solution do to the beach frontalong



the entire island? Will the solutionfor one portion of an island
create problems for another portion?

6. What will happen if an adjacent inlet migrates? closes up?
What will happen if the tidal delta offshore from the adjacent
inlet changes its sizeand shape? Or what if the channel moves?

7. If the proposed beach erosion solution is carried out, how will
it affect the type and density of future beach-front develop
ment? Will additional building density and location controls
on beach-front development be needed at the same time as the
solution?

8. What will happen 20 years from now if the inlet nearby is
dredged for navigation? if jetties are constructed two inlets to
the north? if seawalls and groins are built in front of nearby
communities, especially to the north?

9. What is the 30-to 50-yearenvironmental and economic prog
nosis for the proposed erosion solution if predictions of an
accelerating sea-level rise are accurate?

10. If stabilization—for instance a seawall or revetment—is per
mitted here, will this open the door to seawalls elsewhere on
the island? (The answerto this questionhas always been"yes"
in Florida, as well as in most other coastal states.)

11. What are the alternatives to the proposed solution to shoreline
erosion?Should the threatened buildingsbe allowedto fall in?
Should they be moved? Should tax money be used to move
them? Why not? If we can spend tax money for seawalls and
nourishment, why not for relocation?

12. What are the long-range environmental and economic costs
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of the various alternatives from the standpoint of the local
property owners? the beach community? the entire island? the
citizens of Florida and the rest of the country?

13. Does the proposed solution meet with the approval of objec
tive (noninvolved) consulting geologists and engineers?

A philosophy of shoreline conservation: "We have met the
enemy and he is us"

In 1801 Postmaster Ellis Hughes of Cape May, New Jersey,
placed the followingadvertisement in the Philadelphia Aurora:

The subscriber has prepared himself for entertaining com
pany who uses sea bathing and he is accommodated with ex
tensivehouseroomwithfish, oysters, crabs,and good liquors.
Care will be taken of gentlemen's horses. Carriages may be
driven along the margin of the ocean for miles and the wheels
will scarcely makean impression upon the sand. The slopeof
the shore is so regular that persons may wadea great distance.
It is the most delightful spot that citizens can go in the hot
season.

This was the firstbeach advertisement in Americaand sparked
the beginning of the American rush to the shore.

In the next 75 years six presidents of the United States vaca
tioned at Cape May. At the time of the War Between the States
it was certainly the country's most prestigious beach resort. The
resort's prestige continued into the twentieth century. In 1908
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Henry Ford raced his newest model cars on Cape May beaches.
Today, Cape May is no longer found on anyone's list of great

beach resorts. The problem is not that the resort is too old-fashioned
but that no beach remains on the cape.

The following excerpts are quoted from a grant application to
the federal government from Cape May City. It was written by
city officials in an attempt to get funds to build groins to "save the
beaches." Though it is possible that its pessimistic tone was exag
gerated to enhance the chances of receiving funds, its point was
clear:

Our community is nearly financially insolvent. The economic
consequences for beach erosion are depriving all our people
of much needed municipal services.... The residents of one
area of town, Frog Hollow, live in constant fear. The Frog
Hollow area is a 12 block segment of the town which becomes
submerged when the tide is merely 1 to 2 feet above normal.
The principal reason is that there is no beach fronting on this
area Maps show blocks that have been lost, a boardwalk
that has been lost The stone wall, one mile long, which we
erected along the ocean front only five years ago has already
begun to crumble from the pounding of the waves since there
is little or no beach. ... We have finally reached a point
where we no longer have beaches to erode.

Truths of the shoreline

From examples of Cape May and other shoreline areas, certain

generalizations or "universal truths" about the shoreline emerge
quite clearly. These truths are equally apparent to scientists and
engineers who have studied the shoreline and to old-timers who
have lived there all their lives. As aids to safe and aesthetically
pleasing shoreline development, these general truthsshould bethe .
fundamental basis of planning on any barrier island.

ThereIsno erosion problem untila structureIsbuilton a shoreline.
Beacherosion is a common,expectedevent, not a natural disaster. -
Beach erosion in its natural state is not a threat to a barrier island
(fig. 3.19). It is, in fact, an integral part of island evolution (see
chapter 2) and the dynamic system of the entire barrier island.
When a beach retreats it does not mean that the island is disap
pearing. The beach retreat is part of the largerprocess of island
migration. Whether the beach is growing or shrinking does not
concern the visiting swimmer, surfer, hiker, or fisherman. It is
when man builds a "permanent" structure in this zone of change
that a problem develops.

Construction by man on theshoreline Itself causes erosion. The
sandy beach exists in a delicatebalance with sand supply, beach
shape, wave energy, and sea-level rise. Thisis the dynamic equi
librium discussed in chapter 2. Most constructionon or near the
shoreline changes this balance and reduces the natural flexibility
of the beach. The result is change that often threatens man-made
structures. Dune removal, which often precedesconstruction, re
duces thesandsupply used bythebeach toadjust itsprofile during
storms. Beach cottages—even those on stilts—may obstruct the
normal sand exchange between the beach and the shelf during
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Fig. 3.19. An eroding beach on an undeveloped portion of Hutchinson
Island. Since trees do not grow on the beach, the stumps are proof of
erosion. Photo by Bill Neal.

storms, while at the same time engineering devices interrupt or
modify the natural cycle.

Shoreline engineering protects the interests of a very few, often
at a very high cost In federal and state tax dollars. Shoreline en

gineering is carriedout to save beach property, not the beach itself.
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Shore stabilization projects are in the interest of the minority of
beach property owners rather than the general public. If the shore
line were allowed to migrate naturally over and past the cottages
and hot dog stands, the fisherman and swimmer would not suffer.
Yet beach property owners apply pressure for the spending of tax
money—public funds—to protect the beach. Because these prop
erty owners do not constitute the general public, their personal
interests do not warrant the large expenditures of public money
required for shoreline stabilization.

Exceptions to this rule are the beaches near large metropolitan
areas. The combination of extensive high-rise development and
heavy beach use (100,000 or more people per day) affords am
ple economic justification for extensive and continuous shoreline
stabilization projects. For example, to spend tax money for re
plenishing Coney Island, New York (or perhaps Fort Lauderdale,
Florida), which accommodate tens of thousands of people daily, is
morejustifiable than spending tax dpllars to replenish a beach that
serves only a small number of private cottages or condos. In the
case of the former, the beach maintenance is in the interest of the
public that pays for it, whereas in the latter case the expenditures
amount to a handout of public tax money to mostly well-off prop
erty owners. As our coastal population increases, however, and if
the same mistakes continue to be made, the frequency of cases
where large expenditures are required will only increase, as will
the taxpayers' burden to underwrite these "eternal" projects.

Shoreline engineering destroys the beach It was Intended to save.
If this sounds incredible to you, drive to New Jersey and examine
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some of their shores. See the miles of "well-protected" shoreline
along the northern New Jersey shore—shoreline without beaches
(fig. 3.20)! If you do not want to drive to Sea Bright, New Jersey,
try Palm Beach.

The cost of saving beach property through shoreline engineering
is usually greater than the value of the property to be saved. Price
estimates for shoreline engineering projects are often unrealisti-
cally low in the long run for a variety of reasons. Maintenance,
repairs, and renourishment costs are typically underestimated be
cause it is wrongly assumed that the big storm, capable of remov
ing an entire beach replenishment project overnight, will somehow
bypass the area. The inevitable hurricane or northeaster, more
over, is viewed as a catastrophic act of God or a sudden stroke of
bad luck for which one cannot plan. The increased potential for
damage resulting from shoreline engineering also is ignored in
most cost evaluations. In fact, very few shoreline engineering proj
ects would be funded at all if those controlling the purse strings
realized that such "lines of defense" must be perpetual.

Once you begin shoreline engineering, you can't stop. This state
ment, made by the city manager of a community on Long Island
sound, is confirmed by shoreline history throughout the world.
Because of the long-range damage caused to the beach it "pro
tects," this engineering must be maintained indefinitely. Its fail
ure to allow the sandy shoreline to migrate naturally results in a
steepening of the beach profile, reduced sand supply, and, there
fore, accelerated erosion (see chapter 2). Thus, once man has in
stalled a shoreline structure, "better"—larger and more expensive

Fig. 3.20. A New Jerseyized beach, Monmouth Beach, N.J. Photo by
Orrin Pilkey, Jr.

—structures must subsequently be installed, only to suffer the
same fate as their predecessors.

History shows us that there are two situations that may termi
nate shoreline engineering. First, a civilization may fail and no
longer build and repair its structures. This was the case with the
Romans, who built mighty seawalls and ports. Second, a large
storm may destroy a shoreline stabilization system so thoroughly



that people decide to stop trying. In the United States, however,
such a storm is usually regarded as an engineeringchallenge and
thus resultsin continuedshoreline stabilization projects. As noted
earlier, rubble from two or more generations of seawalls remains
off some New Jersey beaches!

Our solutions are these:

i. Design to live with the flexible shoreline environment. Don't
fight nature with a "line of defense."

2. Consider most man-made buildings near the shoreline to be
temporary.

3. Basedecisions affectingbeach-frontdevelopmenton the welfare
of the public at large rather than the minority of shorefront
property owners.

4. Let the lighthouse, beach cottage, motel, or hot dog stand fall
when its time comes.
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4. Selecting a site on an East Florida beach

For the wary and wily coastal dweller, nature holds many clues
that can reveal much about the safety of a lot, a cottage, or a condo.
Of course, on some Florida islands such as Miami Beach there is
not very much natural left except for the sea breeze. Nevertheless,
you can do a lot of site evaluation yourself. Although it helps to
be an expert in coastal processes, it is not at all necessary. All you
need is common sense in most cases, since many of the indicators
of site safety are simple to spot (fig. 4.1).

But there are some aspects of site choice that common sense
alone will not really solve. For example, if one is examining a
homesite on the bay side of an island, one is almost always there
on a bright, sunny day. A gentle sea breeze is blowing, the bay is
calm, and the waves are small to nonexistent. It is difficult in the
extreme for most people to imagine what the same bay looks like
with waves pounding the shore during an intense winter storm or
summer hurricane.

Another aspect of site choice where common sense often fails is
the long-range viewof man's impact on the shoreline. For example,
a newly constructed seawall in front of large buildings (say in
Wilbur-by-the-Sea where such examples abound) may seem to
coexist in perfect harmony with a broad beach, but 10 to 20 years
from now the beach in front of that wall almost surely will be
gone, and the original wall will be replaced by a much more im

posing structure.
The wise landowner knows that more than natural forces are at

work.The politics of a community playa major role in determin
inghow the community will interactwithnature. Many American
coastal communities with seasonal populations in the tens of thou
sands are controlled politically by a few dozen or a few hundred
year-roundresidents.Therefore,it is important to understandthe
politics of a beach community.

Nature's clues to dangers at the beach

Why worry?

Just what are the dangers facing Florida coastal dwellers,espe
cially thoselivingnear the beach frontor on a barrierisland? The
fundamental problems of safety fall into three categories: (1) A
stormmaycomeand blow youand yoursand yourbuilding away.
(2) You and yours may drown because of high-water levels pro
duced in a storm. (3) The shoreline may erode (with or without a
big storm) and your buildingmayfall in.

There are other important problems, lesspressing than the loss
ofyour life or property: (1) If poorly sited development results in
construction of seawalls, etc., you may be in for a large and con
tinuoustax bill. (2) Your poorly siteddevelopment mayresultin
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Fig.4.1. The ideal way to develop a hypothetical barrier island. Since all barrier islands are different, the ideal plan would differ from
island to island.
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destruction of the beach that belongs to the rest of us, too. (3) You
came for seclusion and quiet, but in a few years the condo devel
opers may turn your village into a metropolis.

What to worry about

The principal factors noted in the danger category of our shore
line classificationare (1) elevation, (2) erosion, (3) evacuation, and
(4) dunes.

Elevation. Low areas are flooded when water rises during a
storm. The back side or lagoon side of East Florida islands are
particularly susceptible to this type of flooding (storm surges). It
goes without saying: the higher the elevation the better. Much
land on the back sides of Florida's islands has been artificially
elevated by trucking or pumping in sand from elsewhere. Often
this transfer involved covering up salt marsh or mangrove forests.
Artificially elevated land is a better site for construction than lower
elevations, but it is a poor substitute for naturally high land.

"High" elevations on the East Florida coast are of the order of
10 to 12 feet and sometimes more. Such sites are inevitably along
the crests of sand dune ridges that parallel the present shoreline.
Youcan purchase a U.S. GeologicalSurvey map of an area to find
out the natural elevation of your site. More important is the eleva
tion of your site relative to predicted storm-flood levels. Storm-
surge levels (fig. 4.2 and table 4.1) vary considerably from beach
to beach and island to island because of a number of complex
oceanographic factors, so elevation is meaningfulonly in the con
text of expected floods. Such information should be available in

100 year atorm euro* /j-v
{feetabove soalevel) (J™' .

Likely surge in major
hurricane (tucti aa faaV- "*
Camille.tMS) V^

ISO Kilomelera

^Se» wtst

Fig. 4.2. The expected storm-surge levels for the 100-year storm at se
lected locations along Florida's coast. Courtesy of the National Oceanic
and Atmospheric Administration.



Table 4.1. Worst probable storm tide ranges by county

Elevation above sea evel

Saffir-Simpson Palm

Scale Monroe Dade Broward Beach

1 5 5 4 4

2 7 7 5 5
3 10 10 7 6
4 13 13 9 8

5 15+ 15+ 11 + 9+

Data from a Jacksonville District, U.S. Army Corps of Engi
neers, study in 1983 of hurricane evacuation problems.

virtually all city halls and county administrative buildings in the
form of Federal Emergency Management Agency flood maps. In
particular, ask to see the ioo-year flood maps. They also are avail
able to you by writing the nearest FEMA office.

Evacuation. The most prudent thing to do in the face of an
approaching major hurricane is to get out. Perhaps the most ap
palling aspect of the Florida east coast's development patterns is
the increasing difficulty of such evacuation. Many older buildings
are sited well below flood levels, and it must be assumed that
many condos are not well built. Most bridges to Florida's islands
are drawbridges (fig. 4.3). It also must be assumed that the bridges
will not be operable becauseof a power shutdown, or that they will
be stuck in the open position, or that yacht traffic may take pre
cedence over car traffic. Furthermore, almost all of East Florida's
bridges have abutments at low elevations on the approaches to
both drawbridges and fixed-span bridges. These can be expected
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Fig. 4.3. A drawbridge open for repairs, Dania. Photo by Bill Neal.

to be under water early in the storm. Add to all of these woes the
fact that early in the storm roads lined with Australian pines will
almost certainly be blocked by fallen trees.

Successful evacuation not only requires safe escape from a
beach-front community, but it also is necessary to have a safe
place to go. From Palm Beach south the Florida peninsula is so
low that rapid escape to a site above the 100-year flood level is
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Table 4.2. Evacuation requirements for various coastal areas

Time required Evacuation

Landfall Saffir-Simpson for evacuation Order Time

location Scale (hours) (hours)

Boca Chica 3 to 5 17.5 31.5

Marathon 3 to 5 12 25

Key Largo 3 to 5 6.5 18

Hollywood 4 to 5 9.5 16

Boynton
Beach 4 to 5 6 17.5

Data furnished by the Jacksonville District of the U.S. Army
Corps of Engineers.

nearly impossible. North of Palm Beach low ground is frequently
a relatively narrow 4- to 5-mile-wide strip paralleling the shoreline.

Table 4.2 gives an estimate of times required for evacuation
for several specific communities. The Saffir-Simpson Scale is dis
cussed in chapter 2. Evacuation order time refers to the number
of hours from the time an evacuation order must be given to the
time when the eye of the storm actually passes over the commu
nity in question. The problem is that once gale-force winds arrive,
evacuation becomes dangerous. For example, in Boca Chica it is
assumed that evacuation will be dangerous 14 hours before the
arrival of the eye as compared to 11.5 hours for Boynton Beach.
The problem is obvious. How do you convince people to evacuate
when a storm is still many miles offshore and when its exact track
is still uncertain? Ironically, Civil Defense officialsnot only expect
to have difficulty convincing the public to evacuate, but past expe

rience has shown that many people drive to the beach to become
eyewitnesses (and sometimes statistics).

Shoreline erosion. You should assume that all of Florida's east

coast shoreline is eroding (fig. 4.4). This is almost, but not quite,
true. The major exceptions to this statement are the shoreline
stretches just north of jetties where sand has been halted in its
slow trip south—to the detriment of beaches south of the jetties.
The most common sign of recent erosion on a natural beach is a
vertical or nearly vertical bluff on the seaward edge of the first
dune row.Particularly spectacularexamples of such bluffsare pres
ent on the south end of Amelia Island.

We note on our safety maps those communities that have par
ticularly severe beach erosion. Solution: Do not live near an erod
ing beach. If you must, set way back and be prepared to move.

Dunes. Dunes are pretty and are worth saving for that reason
alone. More important, perhaps, dunes furnish a reservoirof sand
so the beach can respond properly to a storm. At the same time
dunes absorb the impact of wavesthat could be hitting buildings.

Condominiums: friend or foe?

Increasingly, development alongFlorida'seasternshoreisgoing
the condo route (fig. 4.5). This is quite understandable since the
price of shorefront property has skyrocketed.

There are some important problems stemming from this trend
that should be considered by every potential shoreline dweller.
High-rise condos instantly contribute to population density, thus
increasing the evacuation hazard for all community inhabitants.
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Fig. 4.5. The top stories of a 38-story condo at Riviera Beach. Photo
by Bill Neal.
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A second problemcreated by high-rises concerns the community
response to shoreline erosion. If a community has a rapidlyerod
ing shoreline and its first rowof buildings is threatened with col
lapse, the community can make a more flexible response if the
threatened structures are beach cottages. Cottages can be moved
or they can be allowed to fall in as their time comes. But few
communities will allow a 20-story condo to crumble into the sea.
Thus, the condo-lined shoreline is one that will inevitably require
stabilization or engineering of some kind; the closer the condos
are to the beach, the sooner the seawalls.

Florida and, for that matter, most of the nation could learn a
lesson from North Carolina in this regard. North Carolina has a
setback line for construction that is 30 times the annual erosion
rate. The setback distance for condominiums is twice that for other
structures. And unlike Florida, few exceptions to the setback rule
are allowed.

North Carolina has gone a step further than this restriction.
The state will allow no seawalls to be built for post-1980 construc
tion. State officials even have ordered one individual to remove a
nonconforming seawall from in front of his cottage!

There is a plus side to high-rise condominiums, especially on
densely populated islands. If they are well-built, they can furnish
a meansof storm escapeknownas verticalevacuation. The idea is
that neighbors from low-elevation buildings would prevail upon
the neighborliness of nearby condominium dwellers and ride out
the storm sitting in apartments on the third or fourth story or
higher. The stateof Florida toyed withthe ideaof organizing ver

tical evacuation on densely populated islands, but there was a
hitch. As pointed out by Neil Frank, head of the National Hur
ricane Center, some condo construction has been substandard,
and building inspection can be characterized as uneven. Hurri
cane Eloise, for example, revealed that an unfinished condomin
ium torn apart by waves had not been properly attached to its
pilings. Thus, the problem becomes, how can one designate ver
tical evacuationsitesif the possibility of poor constructionexists?
For a vivid, worst-case scenario we recommend your reading
John D. MacDonald's Condominium, a novel that is readily avail
able in paperback.

In an ideal world, all condos would be on the back side of
islands or well removed from the beach. They would all be well-
constructed and located near a fixed-span bridge with approach
roads at high elevations. Such, however, is seldomthe case.

Finger canals: waterfronts for all

Fingercanals (fig. 4.6)are thewaterways orchannels dugfrom
the lagoon or bayside of an island into the island proper for the
purpose of providing a large number of residents with waterfront
lots. Canalscanbe madebyexcavation alone or bya combination
of excavation and infill of adjacent low-lying salt marshes and
mangrove swamps.

Finger canals canbe beautiful to live alongside, providing they
do not beginto havefishkillsand providing a stormdoesnot come
by. By its very nature, landalong such canals isat low elevation
and susceptible to flooding. Problems often associated with finger
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Fig. 4.6. The Septic Tank Saga.

Septic effluent pollutes ground water supply as well as finger canal
water. Poor circulation, high nutrient input, and associated fish
kills result in concentration of pollutants in canal waters.

Salt water infiltrates into ground water, destroying quality of fresh
water supply.
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canalsare (i) lowering of the groundwater table, (2) pollutionof
groundwater by seepage of salt or brackish canal water into the
groundwater table, (3) pollutionof canal water by septicseepage,
(4) pollution of canal water by stagnation due to lack of tidal
flushing or poor circulation or exchange with bay waters, (5) fish
kills generated by higher canal water temperatures, and (6) fish
kills generated by nutrient overbadings (algal blooms) and de-
oxygenation of water.

Bad odors, flotsam of dead fish, and algal scum and contamina
tion of adjacent shellfishing groundsare symptomaticof polluted
canal water. Thus, fingercanals often become health hazards, and
the homesites near them become unpleasant places to live.

Florida has far more finger canal pollution problems than any
other state simply because the state has the most and largest canal
systems. Florida's experience shows that the problems do not ap
pear until 5 to 10yearsafter development has occurred. Tributary
canals are much more likely to experience pollution than main
canals. Short canals are generally less likely to become polluted
than long ones.

If you must live by a finger canal, think short.

The safety classification—quantifying the subjective

The maps in this chapter are the most important part of this
book. They are intended to provide a basis for anyone who is
interested to understand the good and bad aspects of any site
on a Florida east coast barrier island. For many reasons, these

classifications are subjective. Two of theauthors of thisbook inde
pendently classified theentireshoreline ofeast Florida; we some
times differed, especially in our judgmentas to what should be
classified as low risk and what was moderate risk. We rarely
differed, however, as to whichstretches of the shoreline offer high
risk to development. The final decisions regarding classification
were made on the scene amid swaying palms, booming surf, and
honking car horns.

On eachof the site-specific classification maps in thischapter is
a list of dangers and cautions. If a problemfacinga beach com
munity issevere (forexample, high erosion rate,highpotential for
flooding), it is listed as a danger. If a problem exists but is not
severe, theproblem falls into thecaution category. Three"dangers"
result in a high-risk classification. Two"cautions" are considered
to beequivalent to a single "danger." Thus,a listing oftwodangers
and two cautions also results in a high-risk classification. Two
"dangers" lead to a moderate-risk classification. Additional com
ments, usually of a positive nature, also are listed on the maps.
Table 4.3 is a summary of the risk classification categories for
various eastern Florida counties.

It can be argued that such a classification into three simple
categories does not do complete justice to systems as complex as
barrier islands. For example, Fernandina Beach is largely in the
high-risk category because of the very severe erosion and flood
riskofbeach-front property. Yet theoldtownofFernandina Beach,
well behindthebeach, maybe thesafest community onanyFlorida
barrier island because of its high elevation. Another common



Table 4.3. Risk classification breakdown for beachfronts of Florida East Coast counties

High risk Moderate risk Low risk
Total

milesCounty Miles Percentage Miles Percentage Miles Percentage

Nassau 3.6 29.25 5.1 41.5 3.6 29.25 12.3

Duval 6.9 73.4 2.5 26.6 0 0 9.4

St. Johns 23.8 59.8 8.6 21.6 7.4 18.6 39.8

Flagler 8.2 44.8 10.1 55.2 0 0 18.3

Volusia 28.6 75.7 3.5 9.2 5.7 15.1 37.8

Brevard 27.4 81.1 6.4 18.9 0 0 33.8

Indian River 5.8 20.2 22.9 79.8 0 0 28.7

St. Lucie 18.0 84.5 3.3 15.5 0 0 21.3

Martin 8.5 5.6 6.8 4.4 0 0 15.3

Palm Beach 7.9 20.0 25.8 65.5 5.7 14.5 39.4

Broward 13.3 64.3 7.5 35.7 0 0 21.0

Dade 4.8 32.7 9.9 67.3 0 0 14.7

Total 157.0 53.8 112.4 38.5 22.4 7.7 291.8
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problem isexemplified by Vitano Beach. Thiscommunity is stillat
a stage of relatively light development, and its moderate classi
fication could change to high risk if beach-front construction of
poor quality is allowed.

There are other ways by which the classifications could well
change with time. If a 2-lane drawbridge is replaced by a new
4-lane road and a fixed-span bridge, the evacuation risk in case of a
storm could be eased. On the other hand, construction of a row of
condominiums in any area willincreasethe congestionand make
evacuation more difficult. Politics enter into the classification as

well. If a community has a strong emergency plan and will likely
enforce early evacuation to a safe place, it will be a better commu
nity in which to live. Perhaps even more important for a potential
property buyer to consider is how well the setback and hurricane
construction regulations have been and will be enforced by local
officials.

Even your age will play a role in using this classification as a
basis for property purchase. If you are young and energetic, your
chances of successful evacuation are better than if you are in the
"golden years."
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To sum up, we have produced a classification of Florida's east
coast shoreline based on a geologic view of the natural hazards of
beaches and islands. You will have to insert your own priorities
into the classification to make it work for you. In chapter I we
noted that if we were looking for a homesite for our parents, we
would apply extremely stringent standards, and only a couple of
sites on the Florida coast would meet our approval. We urge you
to see for yourself if we are correct in our assessment of hazards in
your particular community; and, most of all, we again urge you to
take a long trip on Highway AiA before you settle down.

Nassau County

Amelia Island is the northernmost island on the east coast of

Florida (fig. 4.7). St. Marys Entrance at the north end of the
island marks the Florida-Georgia border. Unfortunately, the en
trance is protected by a very long pair of U.S. Navy-built jetties
that are bound to cause erosion problems for the island in the long
run. The southern tip of Amelia Island ends at St. George Inlet in
Nassau Sound, down the center of which runs the boundary with
Duval County. The island is more than 13 miles long and covers
16,500 acres.

Of the shoreline capable of being developed on Amelia Island,
we classify 3.6 miles as low risk, 5.1 miles as moderate risk, and
3.6 miles as high risk.

Amelia Island is an island of paradoxes. In some regards it may
be Florida's safest island for development. Much of the old town
of Fernandina Beach on the back side of the island against the

Amelia River is above 20 feet in elevation. None but the most

disastrous of storms could possibly flood the high areas of town.
As a consequence, the storm evacuation problem for this island is
almost nonexistent; at least prudent homeowners should be able
to easily escape to high ground.

On the other hand, serious beach erosion occurred during the
winter of 1983 on both the northern third and southern third of
the island. Amelia Island Plantation to the south often has been .

cited as an environmentally sound development because many of
its condos are nestled in maritime forests at relatively high eleva
tions. But if the beach continues to erode at the same high rates of
the past few years (fig.4.8), some of the most shoreward buildings
will soon be threatened. On northern Fernandina Beach, shore-
front houses sit almost astride the surf zone. South of state High
way 108, however, two rows ofdunes are usually present between
the houses and the surf, and homesites are much safer as a result.

American Beach is the last of a vanishing kind of community in
the American South (fig. 4.9). This small community is owned
almost exclusively by blacks, most of whom come from nearby
Jacksonville. The town is suffering some beach erosion, but most
buildings sit well back from the beach at high elevations.

Between 1837 and 1945, more than 60 storms of hurricane in
tensity affected Amelia Island's beaches. The most notable hur
ricanes occurred in September 1896,October 1898,October 1944,
October 1950, August 1964 (Cleo) and September 1964 (Dora).
Northeasters that inflicted major damage include those of Novem
ber 1932,September-October 1947, March 1962 (AshWednesday



storm), February 1973, as well as winter storms in 1981 and 1983.
These hurricanes and northeasters have caused extensive damage
to local property by flood and erosion due to high tides, storm
surge, wave action, and strong winds. More than 200 feet of beach
width and more than 5 to 10 feet of beach/dune elevations have
been eroded in a single storm. The 100-year storm-surge levels are
12 to 15 feet above mean sea level. The highest dune on Amelia
Island is 47 feet above mean sea level.

The northern portion of the island at the mouth of St. Marys
Entrance has been changing rapidly since the first jetty was built
in 1881-1890. The area south of the jetty built seaward along the
northern 3,500 feet between 1843 to 1943. However, since 1950
there has been a gradual erosion along this section (fig. 4.10) as
well as the section south of Atlantic Boulevard. The average ero
sion rate is about 2 feet per year.

The central section of the island is generally stable and high,
but 4 identifiable storm washovers can be seen on recent aerial
photographs. The southern section of the island has experienced
severe erosion, and as much as 15 feet of beach per year disappears
at the mouth of St. George Inlet. Three major washover sites are
identifiable in this zone.

After Hurricane Dora in 1964, the state of Florida's Office of
Emergency Preparedness provided funds for 3.6 miles of revet
ment for Fernandina Beach. In 1979 a beach nourishment project
followed, using the dredged material from St. Marys Inlet main
tenance. Most of this sand has long since disappeared.

In summary, if you really want a safe building site, look to the
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portion of Fernandina Beach on the lagoon side where high eleva
tions prevail. Otherwise, the safest sites are atop high dune ridges
paralleling the shoreline. Probably it would be most prudent to
stay away from sections of the shoreline where revetments have
been placed. Adjacent property owners may have large tax assess
ments in the future for wall construction and repair.

Amelia Island offers an abundance of relatively safe (and beauti
ful) home sites for the discerning property owner. Watch out,
however, for the eroding shoreline on the northern and southern
sections of the island.

Duval County

Here in Duval County is the northernmost extension of a type
of development that characterizes much of South Florida: high-
density, high-rise condominiums (fig. 4. n). Duval County also
is the northernmost example of one of Florida's most serious
hazards affecting beach-front development: the problem of storm
evacuation. Evacuation will be necessary along much of the Duval
shoreline because a major storm will cause widespread flooding.
Because the Duval shoreline is served by narrow drawbridges with
approach roads at low elevations, we consider evacuation to be a
real danger here.

We classify 6.9 miles of Duval County's developable shoreline
as high risk and 2.5 miles as moderate risk for development (fig.
4.12). We find no shorefront areas in the low-risk category.

Duval County's 16 miles of Atlantic beach front is entirely a
barrier island shoreline. The county is bounded to the north by
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St. Marys
Entrance

Fig. 4.7. Site analysis: Amelia Island.

DANGER: Flood risk
DANGER: Severe erosion
DANGER: Engineered shoreline
CAUTION: Unvegetated dunes
CAUTION: Jetty to the north
+ Safe sites in town

drawbridge



DANGER: Flood risk

CAUTION: Jetty to the north
CAUTION: Individual sites

differ in safety
+ Safe sites on ridges

DANGER: Flood risk

DANGER: Severe erosion

CAUTION: Low elevation

+ Safe sites on ridges
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Fig. 4.8. Dune scarp indicating severe recent erosion near Amelia Island
Plantation development. Photo by Barb Gruver.

Nassau Sound and is interrupted by Fort George Inlet at the
mouth of the St. Johns River. North of the St. Johns River jetty is
Little Talbot Island, which is entirely in state hands and will not
be developed for private use. South of the St. Johns River jetty,
development is intense. The barrier island (Guano Island) ranges

Fig. 4.9. Asmall row of rocks has failed to haltshoreline retreatat Ameri
can Beach, Amelia Island. Photo by Bill Neal.

in width from 3,000 to 13,000 feet and in elevation from 10 to
15 feet above the low water mark; the island continues, uninter
rupted,for 10 miles in Duval County and another23 miles in St.
Johns County to St. Augustine Inlet.

The St. Johns River navigation channel ismaintainedat a depth



Fig. 4.10. Cottages on Fernandina Beach "protected" by a revetment.
Photo by Barb Gruver.

of 40 feet. The jetties are of "rubble mound" construction. The
north jetty is 14,200 feet long, and the southern jetty is 11,192
feet in length. These jetties have a profound effect on "downdrift"
beaches, that is, beaches to the south. They increase the natural
erosion or recession rate by trapping sand.
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Fig. 4.11. A condo at Pelican Point behind the artificial beach. Beach
nourishment may unduly encourage rapid shorefront development. Photo
by Dinesh Sharma.

Hurricanes and tropical storms, as well as northeasters, cause
beach erosion and property damage along the barrier islands. Be
tween 1870 and 1972 more than 20 hurricanes passed within a 50-
mile radius of Duval County; that is an average of 1 hurricane
every 5 years. With the exception of Hurricane Dora in 1964 and
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DANGER: Flood risk

DANGER: Evacuation difficult

CAUTION: Narrow island

CAUTION: Low ground by river
+ Very high sand ridge
+ Non-engineered shoreline

Fig. 4.12. Site analysis: St. Johns River toPonteVedra Beach.

DANGER: Flood risk

CAUTION: Frontal dune absent

CAUTION: Engineered shoreline
CAUTION: Evacuation difficult.
+ Safest sites on ridges



DANGER: Flood risk

DANGER: No dune protection
CAUTION: Engineered shoreline
CAUTION: Evacuation difficult
+ Safest sites on ridges
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Hurricane David in 1979, northeasters have been more damaging
to Duval County barrier beaches than hurricanes. Particularly
severe northeast storms occurred in 1925,1932, 1947, 1962, and
1981. Memorable and damaging hurricanes occurred in 1926,
1944,1964 (Dora), 1968 (Gladys), and 1979 (David). The federal
government estimates 100-year flood tides to be 11.0 feet above
mean sea level in Duval County. The storm surge could add
another 5 to 7 feet to this flood level along some embayments
behind the island. In 1898 a hurricane produced water levels 8 to 10
feet above normal in Mayport. The 1944 hurricane produced 11-
and 12-foot floods, respectively, in Atlantic Beach and Jacksonville
Beach. Twenty years later Hurricane Dora left behind 6-foot
waters in the same communities. Waves of 20 to 30 feet were
reported striking the beaches during the 1944and 1964hurricanes.
The mean tidal range of the Atlantic here is just over 5 feet. This
tidal range is sufficiently large that storms which strike at high
tide may do much more damage than those which hit at low tide.

Beach erosion was noted as early as 1834 in Duval County.
When Manhattan Beach and Neptune Beach were first laid out,
there was another tier of lots seaward of the present concrete bulk
heads. These oceanfront lots were 150 to 175 feet deep, but all
became property of King Neptune by the mid-i930s due to natural
recession of the shoreline. The present-day concrete bulkhead and
the public right-of-way in these communities are located on the
back side of the earlier "oceanfront" lots. Since the 1920s, con
struction of seawalls, bulkheads, and riprap revetments has been
carried out to protect propertyand "control" erosion. Timber bulk

heads were built in the 1920s and were destroyed in the 1925
storm. They were rebuilt to be destroyed again in the 1932 storm.
After the 1932 storm Neptune Beach, Atlantic Beach, and Jack
sonville Beach constructed a concrete seawall with federal aid.

These seawalls were seriously damaged in 1947,1956,1962,1964,
and 1968 storms (fig. 4.13). After the 1962 storm, granite revet
ments were emplaced to reinforce the damaged seawalls, and about
320,000 cubic yards of sand also was placed on the beaches. After
Hurricane Dora in 1964 more than 25,750 linear feet of granite
revetment reinforcement were placed on Jacksonville Beach, Nep
tune Beach, and Atlantic Beach, and protective beach nourish
ment was provided at Mayport Naval Station.

Contour maps of the seafloor off beaches here show that the
nearshore zone is steepening. For example, the 18-foot contour in
front of Manhattan Beach receded 1,000 feet between 1874 and
1963. This effect is probably due to the various walls and revet
ments that have been placed there. The same effect has been ob
served on beaches in New Jersey where stabilization structures
such as seawalls have been in place for many years.

Largely as a result of the damage caused by the Ash Wednesday
storm (1962), planning began in 1964 for a beach nourishment
project along 10 or 11 miles of Duval County, south of the St.
Johns River jetty. It was planned to place 3.75millioncubicyards
of sand from offshore borrow sites at an estimated cost of $4,145
million initially, plus $565,000 annually, to provide a beach 60
feet wide and 11 feet above mean low water. The project was
finally initiated in 1977 and completed in 1980. The total cost for



Fig. 4.13. Revetment in front of a destroyed seawall, Jacksonville
Beach. Photo by Bill Neal.
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2,250,000 cubic yards of beach nourishment on 10 miles of beach
exceeded $18.0 million. (That is, when the project was completed,
it had cost 4 times the original dollar estimate to emplace 60 per
cent of the sand originally estimated to be needed. Such escala
tions in cost are almost sure to continue.)

The new beach provides much-improved recreational opportuni
ties and protects structures behind the planted dunes from some
storms. However, the new beach has given developers and poten
tial residents a false sense of security, and many small beach
front cottages and motels are being replaced with very expensive
high-density/high-rise residential and commercial buildings on
the beach. It has increased the potential for greater loss of property
during a major hurricane, and it has created hurricane evacuation
problems due to the narrow bridges linking the barrier island to
the mainland. The new beach is eroding; even now the beach is
very narrow to absent at high tide in some areas south of the jetty.

A continuous sand ridge, more than 10 feet in elevation, runs
about 100 feet back of the midtide shoreline south of the jetty to
the county line, with the exceptions of automobile access points
where the elevations have been lowered. There were several areas

where 20-foot dunes were present before development activities
leveled them, making the island more vulnerable to flood and
erosion damage. Automobile access points and street endings will
provide access for the sea during the next storm.

St. Johns County

St. Johns County still has miles of beautiful, unspoiled beaches
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and barrier islands. But the future is arriving fast; development
is increasing in intensity almost on a daily basis. How well the
county controls the development will determine how safe shore
line habitation will be for future homeowners. As things stand at
present, the St. Johns shoreline has examples of very dangerous
homesites south of Summer Haven (fig. 4.14), and examples of
low-risk development in areas such as Butler Beach. In fact, the
stretch of Anastasia Island south of St. Augustine Beach has some
of the best-sited shorefront buildings to be seen in any heavily
developed area along the east coast of Florida. Many buildings
along Butler Beach and Crescent Beach, including condominiums,
stand behind two rows of dunes! A notable exception to this excel
lent development trend is a cluster of condos just south of St.
Augustine Beach that are built out virtually on the beach. Prob
ably a "rich" political story stands behind these condos.

The well-sited development of southern Anastasia Island stands
in stark contrast to the very dangerous construction patterns south
of Daytona Beach, an area at a similar stage of development.
There is a fly in the ointment on Anastasia Island, however. At
the south boundary of Anastasia State Park a short stretch of
shoreline has been seawalled, and the beach has disappeared. The
long-range prognosis is that the lack of a beach front in front of
this short stretch of seawall will stop beach sand transport to the
south, allowing increased erosion rates to ensue.

The St. Johns County shoreline consists of more than 41 miles
of barrier beach with tidal marshes and lagoons behind it. For the
northern 6 miles the barrier island is about 3 miles wide with 15-

Fig. 4.14. Beach to the left may soon merge with marsh to the right. This
narrow stretch of land just north of Marineland is a very unsafe location
to build. Photo by Barb Gruver.

to 25-foot dunes. For the next 12 miles the barrier island has 2
major dune ridges separated by 2 low marshes. The shorefront
sand dune ridge is about 500 to 1,500 feet wide, with 15-foot to
44-foot elevations along its length. The back side of the island
is bordered by a salt marsh, 3,000 to 9,000 feet wide, along the



Tolomato River and the Intracoastal Waterway. The Tolomato
Riverand Guano Rivermeet 18miles southof the DuvalCounty-
St. Johns County line. For the next 7 miles to Vilano Beach and
St. Augustine Inlet the barrier beach is about 1,000 to 2,000 feet

* wide with dunes of around 15 feet in height. Someof the descrip
tion of island widths can be misleading. From the county line
south to St. Augustine Inlet the area presently being developedis

* a single narrow sand ridge, and many buildings are being sited
too close to the beach.

South of St. Augustine Inlet is Conch Island, which was formed
by the coalescing of several small islands after inlet stabilization
with rocks in 1940. Conch Island is nowabout 3 miles long and
500 to 4,000 feet wide. The old, natural St. Augustine Inlet was
temporarily reopened across Conch Island bya northeaster in 1962
(the Ash Wednesday storm). The opening has now closed again.
Anastasia Island exists south of Salt Run for a distance of about
11 miles to Matanzas Inlet. The width of the island varies from
about 2 miles at the northern end to less than 1,000 feet at the
southern end, and the elevations range from 10 to 30 feet above
midtide. The beach ridgesouthof Matanzas Inlet to the Flagler
County line,a distance of 3 miles, isvery narrowand only 5 to 10
feet in elevation.

The various communities along the barrier islands from north
to south are Ponte Vedra Beach, South Ponte Vedra Beach, Usina
Beach, VilanoBeach(St. Augustine Inlet), Anastasia State Park,
St. Augustine Beach, Coquina Gables, Butler Beach, Crescent
Beach (Matanzas Inlet), and Summer Haven.
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The barrier islands of St. Johns County are composed of un
consolidated sand and shell material. Underlying this sand and
shell in some places is a type of coquina or shelly rock in various
stages ofconsolidation, known as the Anastasia Formation, formed
during the ice ages. These coquina outcroppings are found spo
radically from St. Augustine to Palm Beach; the most prominent
outcrops in this county are at Anastasia Island and at Matanzas
Inlet. Rocks generally occur in thin layers and are easily eroded
by wave action, thereby contributing large quantities of shell frag
ments to the beaches.

St. Johns County barrier islands are subject to frequent north
easters during winters and tropical storms and hurricanes during
summers. The northeaster storms have been, with a few excep
tions, the more damaging of the two for this county. This is be
cause hurricane-generated winds and waves are usually of short
duration and affect localized areas, whereas a northeaster may
cause high winds and waves over a larger area for a longer dura
tion, slowly nibbling away the beaches. The granddaddy of all
northeasters to affect St. Johns County was the 1962 Ash Wednes
day storm. An idea of the size of this storm can be gained from
the fact that the Ash Wednesday storm did most of its damage
along the New Jersey shore.

Between 1830 and 1982, 20 hurricanes passed within 50 miles
of the St. Johns County shoreline, an average hurricane frequency
of 1every 7.5 years. During the same period 48 hurricanes passed
within 150 miles of the shoreline, an average of 1 hurricane every
3 years.



78 Living with the East Florida shore

The most damaging hurricanes and northeasters to strike the
county were the following ones.The October 1944hurricane caused
50 to 150 feet of beach erosion and a 3 to 4 feet vertical drop in
beach profile at Summer Haven. The October 1956 northeaster
caused tides 4 feet above normal, damaged Highway AiA, and
dropped the beach profile 3 feet in some places with severe ero
sion. Hurricane Greta (October 1956)followed on the heels of the
previous storm and caused more flooding and erosion. The Ash
Wednesday storm of March 1962 was followed by another storm
in November 1962, causing extensive damage from high tides and
the reopening of old St. Augustine Inlet, known as Salt Run.
Hurricane Dora in September 1964caused 125 mph winds, tides
12 feet above normal along Anastasia Island, and waves 20 to 30
feet high along the island's beaches! The shorelineat St. Augustine
Beach receded more than 100 feet, and 15-foot dune scarps (a sure
sign of severe erosion) appeared at Crescent Beach. Damage to
structures was estimated at $1.8 million in St. Johns County and
$200 to $300 million in all of Florida. A northeaster in February
1973 caused 60 to 70 feet of beach recession at St. Augustine
Beach and a 3-foot drop in the beach profile at Crescent Beach.
According to the federal government, 100-year flood tide levels
along St. Johns County are 8.5 feet above midtide along the
northern half and about 8.0 feet above midtide along the southern
half of this stretch. However, these estimates do not include the
wave height on top of the still-water elevations.

The St. Johns County shoreline is characterized by recessionof
the shoreline and dunes, lowering of beach profiles, and in a few

placesaccretionor buildingout due to long-termnatural processes.
The problemsof erosionwere noted as early as 1887. Beach ero
sion has become a much more critical problem where man-made
structures like buildings, parking lots, seawalls, bulkheads, revet
ments, groins, or jetties have been placedon the shiftingand un
stable beaches and dunes.

Variousstructures have been placed to stabilizeSt. Johns Coun
ty's inlets and beaches, but they have had limited success and
incurred great costs. The Corpsof Engineers placed threegroins
on Anastasia Island and Vilano Beach in 1889 (private interests
built four additionalgroins at Vilano Beach) to stabilize the inlet
for navigation. Since 1892 various typesof seawalls and bulkheads
wereplacedalongthe developed coastof Anastasia Islandand St.
Augustine Beach. After the Ash Wednesday storm the Federal
Office of Emergency Planning authorized 50,000 cubic yards of
sandfill and 450linearfeetofgranite revetment forSt. Augustine
Beach at a cost of $95,000 as well as 1,800 feet of granite revet
ment and 1,130 linear feet of road pavement at Summer Haven.
After Hurricane Dora in 1964 federal emergency funds were pro
vided for more stabilization of both St. Augustine Beach and Sum
mer Haven. Now at St. Augustine Beach (fig. 4.15) there is a
concrete seawall 800 feet in length and 13.5 feet in elevationwith
an 18-foot-wide boardwalk. North of this seawall is a 580-foot
timber seawall. At Ponte Vedra Beach a 2-mile-long concrete sea
wall with a height of 13.5 feet was built in 1934.

The most severe erosion problems in St. Johns County during
stormsoccurin the St. Augustine Beach and SummerHavenareas
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Fig.4.15. Seawall reinforcement, St.Augustine Beach. Photo by Bill Neal.

due to a combination of natural conditions and the impact of
man-made structures on the beach. These two areas project sea
ward and act as headlands where wave energy is concentrated,
causing more erosion as compared to a perfectly straight shore. In
addition, man-made structures like seawalls, bulkheads, and con
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crete revetments contribute to greater wave scouring, lowering of
the beach profiles, higher velocities of the littoral currents, and
higher erosion rates.

Automobiles on the beachescreate a major problem along the
county shoreline. The automobile access points create weak spots
where overwash and erosion are magnified during storms. The use
of automobiles on the beaches (in the opinion of some) interferes
with tranquility, peace, and recreational enjoyment; disrupts the
nesting of sea turtles and shore birds; and most significantlyinter
feres with the stabilization by beach grasses that help to build new
dunes by trapping sand.

Evacuation difficulty is a major hazard for residents along the
St. Johns County shoreline. There are 5 roads leading off county
islands to higher ground. The situation is complicated by the fact
that most of the escape routes are over drawbridges that may be
inoperable becauseof power failure in times of need. State High
way 312 is a safer fixed-span bridge. People evacuating Ponte
Vedra Beachwill have to drive through the congestion of Jackson
ville Beach or alternatively drive down long stretches of flood-
prone Highway 210. Evacuees from Vilano Beach, St. Augustine
Beach, Crescent Beach, and Summer Haven will have to evacuate
into the congestion and chaos of St. Augustine. Plan your escape
route (and your destination) ahead of time.

For long stretches of St. Johns County the highway runs along
the crest of the most seaward dune, giving developers the choice
of siting buildings between the road and the sea or behind the
road. Do not live in the narrow areas between sea and road, for
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example, near South Ponte Vedra. It makes sense to keep the
road between you and the sea.

According to our classification scheme, shorefront development
is high risk along 23.8 miles of St. Johns County shoreline; 8.6
miles is of moderate risk; and 7.4 miles is classified as low risk
(figs. 4.16,4.17, and 4.18).

Flagler County

FlaglerCounty has only 18miles of open ocean shoreline. From
Matanzas Inlet to just north of the county line and then to Ponce
de Leon Inlet to the south, the barrier island extends uninterrupted
for a length of 50 miles, making it the longest barrier island in
Florida. In Flagler County the barrier island varies considerably
in width. The island is about a mile wide in the northern 9 miles
of the county and between 800-and 2,000-feetwidein the southern
9 miles. A continuous dune ridge with 10- to 15-footelevations
runsalongthe entire countyshoreline. Alongthe southernhalfof
the Flagler County shore somesecondary dune ridges are found.
The barrier island is separated from the mainland by the Matanzas
River to the north, Smith Creek to the south, and the Intracoastal
Waterway in the middle sectionof Flagler County. Marineland,
Painters Hill, BeverleyBeach,Silver Lake, and Flagler Beachare
the developed communities, while the rest of the coast remains
undeveloped at this time.

Beaches along the northern 3 milesof Flagler Countyare quite
narrow, 30 to 50 feet wide at low tide, as well as steep and soft
because of high shell content. Much of the shell is derived from
a large offshore coquina outcrop, knownas "The Rocks," about

1 mile south of the northern county line. This coquina outcrop
contributes shells for the beachesall the way to Flagler Beachand
Ormond Beach in Volusia County. Although beachesalong Flag
ler County are 100 to 150 feet wide above low tide, there are
several locations where erosion scarps at the toes of dunes are
pronounced (indicating severeerosion).

Information on other characteristics of the Flagler shoreline,
such as storm history, are given in the next section on Volusia
County.

We consider 8.2 miles of the Flagler shoreline to be high risk
for development and 10.1 miles to be moderate risk (fig. 4.19)-
Over most of Flagler County a singleridgeline next to the beach
is the only developable land of reasonable safety. The best sites
are those with the highway (AiA) between them and the beach.
In many areas building sites have been carved out of an overly
narrow strip,with sites crowded against thebeach bythehighway.
There isvery little beach stabilization in Flagler County, which is
a definite plus for the future. A notable exception is Marineland
whereshoreline recession is threatening the buildings. Evacuation
difficulty isa serious problem andwill become more soasdevelop
ment proceeds and population increases.

Flagler County citizens will decide thesafety ofshoreline devel
opment bytheir future action. Lots offuture options remain open
for sound shoreline management.

Volusia County

Volusia Countyhasabout49miles ofshoreline alongtheAtlan
tic Ocean. North of Ponce de Leon Inlet the Volusiashoreline is



partofthe50-mile barrier island extending through Flagler County
andinto St. Johns County. Thebarrier islands in Volusia County
generally should have been relatively safe for development, but
poordevelopment practices have negated the naturaladvantages
of the islands.

The prevailing winds here are from the northeast during the
winter months and fromtheeastduringspring, summer, and fall.
Wave heights average 4 to 9 feet. Themean tide range at Daytona
Beach pier is 4.1 feet, with a spring tide range of 4.9 feet. The
ocean swells approach the coast predominantlyfrom the northeast
and contribute to the net southerly littoral drift of beach sand,
except during June, July, and August whenthe prevailing winds
and swells are from the southeast and south and the littoral drift
of sand is temporarily to the north.

Thebarrier islands ofthiscoast aresubject toattackbyfrequent
northeasters duringwinterand hurricanes and tropical stormsdur
ing summer. Therecords indicate thata hurricane will pass within
50miles of Matanzas Inletonce every 7 years, and within 50miles
of Ponce de Leon Inlet once every 8 years. Northeasters, which
are typically caused bya low-pressure system located offthecoast,
mayoccurseveral timesduring each winter,causingmore chronic
beach erosion problems. Some of the more damaging northeasters
and hurricanes occurred in 1848, 1932, 1947, 1956, 1962, 1964,
1973,and 1979.The September 1848hurricane came ashore near
theFlagler County-Volusia County line andcaused 11 shipwrecks
along the Florida coast, including 3 in Volusia County. In July
1926 a hurricane came ashore near Ponce de Leon Inlet and
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wrecked the Inlet Terrace, a million-dollar hotel under construc
tion in Ponce Park. The foundations of this wrecked hotel can still
be seen from the beach. In the October 1944 hurricane the tides
were 8.4feetabove meansea level at Daytona Beach, and property
damage along the beaches was in the millions of dollars; total
damage in Florida was $60 million. An October 1947 northeaster
caused 100feet of beach retreat and 10-footdune scarps between
Ormond Beach and New Smyrna Beach. More than a dozen
houses disappeared into the ocean, and roads and seawalls were
destroyed alongthe developed barrier island. Hurricane"King"in
October 1950 caused tides 8 feet above normal along the coast
from Daytona Beach to St. Augustine and in the Halifax River,
flooding many homes. The winter storm of 1962 (the famous Ash
Wednesday storm) caused extensive beach erosion in Volusia,
Flagler, and St. Johns counties, which were declared federal disas
ter areas. Seawalls were destroyed along Daytona Beach, and
Highway Ai A wasoverwashed and requiredrevetment reinforce
ment. Hurricane Dora in September 1964caused extensive flood
ing along the beach and up the Halifax River; beach erosion near
the Coast Guard Lighthouse at Ponce Inlet exceeded 100 feet. A
northeast storm in February 1973 washed away a seawall at the
Ponce Inlet Club South condominium, dislodged a rubble mound
portion of the north jetty at Ponce de Leon Inlet, and breached a
channel on the north side of the inlet. Tropical Storm "Gilda" in
October 1973 caused substantial dune erosion north of Ponce Inlet.

The Federal Emergency Management Agencyand NOAA esti
mate 100-year flood levels along this coast at about 8.0 feet above
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DANGER: Flood risk

DANGER: Evacuation difficult

DANGER: No foredune

CAUTION: Engineered shoreline
CAUTION: Narrow island
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DANGER: Flood risk

DANGER: Evacuation difficult
CAUTION: Narrow island in

places

+ Safest sites on ridges

J kilometer
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A DANGER: Flood risk

DANGER: Buildings too close
to beach

CAUTION: Beach erosion

CAUTION: No dune

uatanzas mven

1 1/2 1 mile

1 1/2 0 1 kilometer

DANGER: Flood risk

CAUTION: Evacuation difficult

CAUTION: Individual sites

differ in safety
CAUTION: Low elevations by

the river

+ High, vegetated foredune
+ Best sites on ridge top

National
MonunMfit
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or more blocks from the beach should remember that someday
they may be asked to pay to halt the beach erosion caused by
imprudent beach-front development.

The use of automobiles on beaches of Volusia County is an old
and important tradition—an American tradition. Daytona Beach
(fig. 4.23) has the unique characteristics of a wide, flat, compact
beach with little or no shell material. These attributes created con
ditions suitable for automobile races, the first of which was the
Daytona 500 in 1906. The name of Daytona Beach has become
synonymous with car speed—whichexceeded200 miles per hour
by 1930. However, becauseof natural storm events and possibly
excessive use of the beach, shell pockets began to appear in early
1932. These pockets created hazards for drivers, and the races
were moved to new quarters inland.

Storm evacuation problems are severe for Volusia County.
Evacuation routes on the island north of Ponce de Leon Inlet will
be relatively safe because most routes are above 11 feet in eleva
tion. The problem stemsfrom the low elevation (4 feet) of bridge
approaches on both the island and mainland sides of the Halifax
River. Most of the bridges are drawbridges, which adds to the
evacuation problem, but Fairview Main Street Bridge and the
Florida Highway 20 bridge are fixed spans. New Smyrna Beach
evacuation should not pose an insurmountable problem because
twobridges (bothdrawbridges) serve a relatively smallpopulation.

In all, 28.6 miles of the Volusia County shoreline are consi
dered high risk for coastal development. Moderate-risk and low-

DANGER: Severe erosion

DANGER: Flood risk
DANGER: Evacuation difficult
CAUTION: Road washout
CAUTION: Engineered shoreline
CAUTION: Inlet formation and

washover possible
KEEP AWAY!

, SUMMER
jG? haven

*M

1 mile

1 kilometer

Fig. 4.19. Site analysis:Summer Haven to Marineland.
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DANGER: Flood risk
DANGER: Evacuation difficult

CAUTION: Very narrow develop
able ridge

CAUTION: Beach erosion

+ Vegetated foredune
+ Non-engineered broad beach

Fig. 4.20. Site analysis: Flagler Beach.

DANGER: Flood risk
CAUTION: Evacuation difficult
CAUTION: Narrow island, single

ridge wide

1 mile

kilometer
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92 Living with the East Florida shore

Fig. 4.21. The primary dune was removed to site this house in Wilbur-by-
the-Sea. Photo by Barb Gruver.

Fig. 4.22. Homes in Ormond-by-the-Sea set back a relatively safe dis
tance. Photo by Bill Neal.



Fig. 4.23. New house at the north end of New Smyrna Beach set well
behind the second row of dunes. Photo by Barb Gruver.

4. Selecting a site 93

risk developments, respectively, span 3.5 and 5.7 miles of shoreline
(figs. 4.24, 4.25, and 4.26).

Brevard County

The Brevard County shoreline includes Cape Canaveral, one
of the world's most publicized pieces of coastal real estate, thanks
to the space program. Cape Canaveral also is one of the world's
largest cuspate forelands. It is a body of sand very similar in shape
and origin to Cape Hatteras, Cape Fear, and Cape Lookout in
North Carolina and Cape San Bias in West Florida. The origin of
these features and the large shoal of sand extending seaward from
each of them remain enigmas to coastal geologists.

A widely held idea is that all the Carolina capes are basically
river deltas, formed when the sea level was lower during the ice
ages. That does not explain Cape Canaveral, however, because
there is no river here. Perhaps Cape Canaveral owes its origin to
wave bending (refraction) around some large sand bars on the
continental shelf. Waves striking the beach and pushing sand to a
"nodal point" from both the north and south could have formed
the cape.

The ocean shoreline of Brevard County extends for 72 miles
from Volusia County in the north to Indian River County in the
south. South of the Canaveral Barge Canal the coastline consists of
a single barrier island separated from the mainland by Mosquito
Lagoon and the Banana and Indiana rivers, all of which are shallow
tidal lagoons.

The northern 32 miles of county shoreline is in federal owner-
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Fig. 4.24. High-rise condos and seawalls, Daytona Beach. Photo by
Barb Gruver.

ship, including Cape Canaveral National Seashore, Merritt Island
National Wildlife Refuge, and Kennedy Space Center. Patrick
Air Force Base occupies about 4 miles of shoreline south of Cocoa
Beach. The beach communities along the Atlantic include the cities
of Cape Canaveral, Cocoa Beach (fig. 4.27),Satellite Beach, Indian
Harbour Beach, Indialantic, Melbourne Beach, and Floridana
Beach. Sebastian Inlet State Recreation Area occupies the southern
I mile of the barrier island.

We have classified 6.4 miles of the privately owned Brevard
County shoreline as moderate risk, and we consider 27.4 miles to
be in the high-risk category (figs. 4.28, 4.29, and 4.30).

Brevard County's long barrier island is made up of unconsoli
dated sand and shell. Elevations are not high, but a more or
less continuous 10-foot dune runs along the front of most of the
island. Underlying the island and cropping out offshore is a shelly
(coquina) rock that formed thousands of years ago and is presently
breaking up and furnishing shells to Brevard beaches.

The most common winds along the coast are from the east,
while the strongest winds are from the north. Swells approaching
from the north and northeast are predominant during winter and
spring and produce southerly littoral drift of beach sand; from
June through August the prevailing and predominant swells are
from the south and southeast, creating northerly littoral drift of
beach sand. The net annual drift of sand is to the south. The
average tidal range at Cape Canaveral is about 3.5 feet, with a
spring tide range of 4.1 feet. Peak water levels could exceed 9 to
II feet above mean low water during a major hurricane. The mean



tide range at Sebastian Inlet is estimated to be 3.8 feet along the
open ocean beach.

The forces of wind, waves, and tides as well as hurricanes and
storms cause drastic changes in Brevard County barrier island
morphology, and, of course, they also cause property damage. Be
tween 1871 and 1982,6 hurricanes passed within a 50-mile radius
of Cape Canaveral, or an average of 1 hurricane every 18 years.
This is a low rate of hurricane landfall relative to most of Florida's
east coast, but Brevard seems to get enough northeasters to make
up for the lack of hurricanes.

The storm history of Brevard County is long and "exciting."
Most of the early storm-related floods did little damage to build
ings or people and caused little loss of life. The situation is dif
ferent today with hundreds of buildings crowding the shore ad
jacent to a narrowing beach. A repeat of the storms of the 1920s
(discussed below) would be a disaster for Brevard County.

Brevard's storm history begins with the July 31,1715, hurricane
that wrecked the Spanish treasure fleet off the east coast of Florida
near present-day Sebastian Inlet. McLarty State Museum was
constructed in 1970 at the site of an old Spanish ship salvage
camp. The October 1910 hurricane demolished a yacht club and
other docks at Titusville. The October 1921 storm caused exten
siveflooding along the Indian River at Titusville, and the August
24,1924, storm opened the shoaled (sand-choked) Sebastian Inlet.
In July and August 1926a storm caused extensive flooding and
wave damage along the Indian River.

The September 1928 hurricane generated tides 7 feet above

4. Selecting a site 95

normal and 60-mph winds in Melbourne. The September 1948
hurricane once again caused extensive flooding along the Indian
River, and an October 1950storm caused flooding in the Titusville
area, breaching the sand dike at Old Sebastian Inlet. Hurricane
Donna in i960 caused beach erosion and damaged seawalls at
Patrick Air Force Base. The March and November 1962 storms
caused extensive erosion along all Brevard beaches. The Lincoln's
Birthday storm in February 1973 caused dune overtopping and
5 to 25 feet of horizontal beach retreat along the county beaches
accompanied by tides 4 to 6 feet above normal. The October 1974
storm caused severe flooding and beach erosion because of tides
3 to 5 feet above normal and gale-force winds. Finally, the winter
storms of 1981 and 1983 caused continuing severe beach and dune
retreat.

It needs to be pointed out that northeasters during the fall and
winter actually cause more serious beach erosion than do winds
and waves from other directions during the rest of the year. If
northeasters occur when tides are highest (spring tides), the erosion
is spectacular. The impact of large wavesfrom the northeast during
high tides for several days appears to cause more sand movement
than the average hurricane, probably due to the short duration of
hurricanes. According to the Federal Emergency Management
Agency, 100-year flood levels range from 7 feet at the north county
boundary to 8 feet at the south county line.

The general trend of shoreline changes along the Brevard County
barrier beaches is that of beach and dune recession and lowering
and steepening of the offshore beach profiles. Data compiled by
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Fig. 4.25. Site analysis: Ormond Beach.

DANGER: Flood risk

CAUTION: Evacuation difficult

+ Road and dune between beach

and development
+ Safest sites on ridges

DANGER: Flood risk

CAUTION: Evacuation difficult

CAUTION: Beach erosion

+ Highway between the beach
and development

1 mile

J kilometer
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98 Living with the East Florida shore

DANGER: Flood risk

DANGER: Evacuation difficult

DANGER: Engineered shoreline
CAUTION: No dune

+ Old development safer

Fig. 4.26. Site analysis: Daytona Beach to Ponce de Leon Inlet.

1 kilometer
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DANGER: Flood risk

DANGER: Evacuation difficult
CAUTION: Beach erosion
+ Good setback of buildings
+ Vegetated foredune

Fig. 4.27. Site analysis: New Smyrna Beach.

DANGER:

DANGER:

CAUTION:

CAUTION:

CAUTION:

Flood risk

Eroding beach
Evacuation difficult

Low to no foredune

Storm overwash

potential
+ Old development safer
+ Safest sites on ridges



DANGER: Flood risk

DANGER: Evacuation difficult
DANGER: Beach erosion

CAUTION: Local shoreline
engineering

CAUTION: Narrow foredune
CAUTION: Narrow island

1/2 1 mile

1/2 1 kilometer

4. Selecting a site 101



102 Living with the East Florida shore

E&-.

Fig. 4.28. Condo Row, Cocoa Beach. Photo by Bill Neal.

the U.S. Army Corps of Engineers and the University of Florida
indicate that between 1878-81 and 1965 the shoreline just north
of the tip of Cape Canaveral receded 896feet, or an averageof 10
feet annually, while south of the cape the shoreline advanced 345
feet, or an average of 4 feet annually. During this same period the
shoreline between Canaveral Harbour and Eau Gallie (Canova
Beach)advanced 98 feet, or an averageof 1foot per year, whilean

DANGER: Flood risk

DANGER: Evacuation difficult

CAUTION: Beach erosion

+ Wide, replenished beach
+ Vegetated foredune
- Future replenishment tax bill

Fig. 4.29. Site analysis: Cape Canaveral to South Cocoa Beach.



DANGER: Flood risk

DANGER: Evacuation difficult

CAUTION: Finger canals
CAUTION: Beach erosion

+ Wide, replenished beach
- Future replenishment tax bill

DANGER: Flood risk

DANGER: Severe erosion
DANGER: Evacuation difficult

DANGER: Engineered shoreline
CAUTION: Finger canals
+ Safest sites on ridges
- Individual sites differ in

safety
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DANGER: Flood risk

DANGER: Engineered shoreline
DANGER: Beach erosion
DANGER: Evacuation difficult
CAUTION: Little to no foredune
+ Wide island
+ Safest sites on ridges
- Individual sites differ in

safety
- Future replenishment tax bill
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Melbourne
Beact



106 Living with the East Florida shore

unstable area immediately south of Canaveral Harbour receded
an average of i foot per year. Looking at shoreline movement
over a shorter time reveals a different picture. Following the con
struction of Canaveral Harbour jetties in 1954, the shoreline of
the reach between Canaveral Harbour and Eau Gallie (Canova
Beach)has retreated an averageof 5 feet per year. The construc
tionof SebastianInlet jettiescausedshoreline buildupnorth of the
inlet for a distance of about 4 milesand retreat of the beaches for
approximately 4 miles south of the inlet; the maximum retreat
was about 0.5 miles south of the inlet. Cape Canaveral Harbour
and Sebastian Inlet are two classic examples of jetties on the shore
line causing seaward advance of beaches on the updrift (north)
side and erosion of the shoreline on the downdrift (south) side of
the inlets along all of Florida's east coast.

Also in the files of the Corps of Engineersand the University of
Florida are data indicating that the entire inner continental shelf
(commonly called the shoreface) has become steeper. Between
Canaveral Harbour and the southern county line, between 1928
and 1965, the 12-,18-and 30-footdepth contours receded(moved
landward) averages of 197,319, and 394feet, respectively. Geolo
gists do not completely understand why this steepening occurs,
but it does make the beaches more vulnerable to erosion in the
future. The point is that even without the rising sea level, beach
erosionin BrevardCountyprobablycan beexpectedto continue—
and at accelerating rates.

As in most of the shoreline areas of Florida, evacuation is a
major hazard for island dwellers. Immediate evacuation at the

first recommendation of local officials is essential. The prudent
island dweller will evacuate even before official warnings to do so.
A storm heading your way, even if still many miles at sea, is a
good excuse to visit theinland-dwelling aunt you haven't seen for
a long time. Most mainland areas adjacent to thelagoons behind
the Brevard County island are at high elevations and should be
relatively safe. Towns such as Palm Bay, Sebastian, and Cocoa
have large areasof highelevation. The Bennett (Highway AiA)
and Merritt(stateHighway 520) causeways that lead to themain
land from Cocoa Beach and Cape Canaveral both have sections
thatareonly 5feet inelevation. However, theMerritt Causeway is
a fixed-span bridgethat is an advantage. The Pineda Expressway
is the evacuation route with the highest elevation in the county.
Residents of Floridana Beach and the rest of southern Brevard
County will beforced to drive long distances along narrow islands
to thenearest bridge. If residents drive south over Sebastian Inlet,
they will have to traverse stretches of low-elevation island and
cross the lagoon via Highway 510, which has elevations as low as
4feet along bridge approaches. The evacuation route north ofthe
Melbourne Causeway isalonga highsand ridge, seldom less than
12 feet high. Theincreased safety of this route, however, ispartly
negated bythecongestion of Melbourne Beach and Indialantic.

Shoreline stabilization is fairly common in Brevard County.
Seawalls and revetments abound in South Cocoa Beach and in
Melbourne Beach. Several beach nourishment projects have been
carried out, but the replenished sand disappears quickly on most
Brevard beaches (fig. 4.31).



The best choice of a homesite near the beach would be one at
high elevation back from thebeach ona wide portion of theisland.
Finger canals, here aselsewhere, increase the danger of flooding
and evacuation. Essentially allof Brevard's developed shoreline is
ina state oferosion; increasing assessments from thetax collector,
both county and local, can be expected to pump up more sand
and build more walls. Simultaneously, the quality of beaches in

"front of the more heavily developed beach areas can beexpected
to degrade.

Indian River County

Indian River County's 28 miles of ocean coastline are low and
narrow barrier islands. The northern 3 miles are very narrow,
averaging 300 to 500 feet in width, and low with mostly 6- to 8-
foot elevations. The beach inthis section also is narrow and steep.
In the middle section from the South Hole Cove area through
Wabasso Beach and Indian River Shores, the island width varies
fromabout 1,000 feet to more than 5,000 feet. The elevations in
this section range from 8 to 15 feet, with thehigh point at 24feet
north of Wabasso Beach. Within the Vero Beach city limits, the
barrier island isabout 1mile wide, narrowing to the south. In this
areatheelevations are low, with a 10-foot dune running along the
beach.

Thenorthern 1.8 miles ofthe Indian River barrier island ispart
of the Sebastian Inlet State Recreation Area. The City of Vero
Beach has more than3,350 feet ofoceanfront inpublic parks, and
the county owns another 500 feet ofocean frontage in public parks
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in the northern section. The section of the island south of the state
park to the northern boundaries of Indian Rivers Shores (across
from Barkers Island) has beendesignated as an undeveloped bar
rier island unit under the Federal Barrier Resources Protection
Act of 1982. In this section of the island, federal flood insurance
and other federal assistance for construction of new structures are
not available. The remainingshoreline is in privateownership.

The beaches of Indian River County are characterized by high
shell contents and coarse grain size when compared to Daytona
Beach or Jacksonville Beach to the north. This coarseness results
in steep and narrow beaches. In the northern sectionof the county
the beach width varies from 80 to 100 feet at mean low water,
while at Vero Beach the beach width ranges between 20 and 60
feet. Along the southern section, beach width variesfrom 50 to 60
feet. Scarp erosionis quite common,and ordinaryhigh tidesreach
all the way to the vegetation line or toe of the dunes. Longshore
currents in the surf zone move sands from north to south along
the coast most of the time. The predominant wave direction is
from the north through the east, and the largest waves approach
from the northeast. Average wave height just seaward of the surf
is about 2 feet. The mean tide range and spring tide range are
estimated to be 3.3 feet and 3.8 feet, respectively.

The forces of winds, waves, currents, and tides in conjunc
tion with occasional hurricanes and northeasters cause constant
changes in barrier island shape and size. Between 1830and 1980,
19 hurricanes passed within 50 miles of the Vero Beach area, or 1
hurricane every 8 years. One of the most remarkableand damag-
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ing hurricanes was the September 1928 storm that breached the
Lake Okeechobee levees, killing more than 2,000 people, and
caused the failure of most wooden beach structures with high
tides and winds in Indian River County. Tropical storm "Gilda" in
October 1973 caused 5 to 25 feet of beach erosion. Hurricane
David in 1979 caused extensive beach and dune erosion along
Vero Beach. Since northeasters are most frequent and last longer
than hurricanes, beach erosion is an annual phenomenon in the
Vero Beacharea. The great Ash Wednesday storm of March 1962
produced tides of 6.5 feet at Fort Pierce, south of the Indian River
County line. The Lincoln's Birthday stormof February 1973 caused
5 to 10 feet of beach erosion at Vero Beach.

The general shoreline trend along the Indian River is that of
beach and dune retreat and lowering of the offshore depth profile
for much of the ocean front. Average retreat of the shoreline be
tween 1930and 1972 was 3.2 to 3.7 feet per year for the northern
4 miles of Indian River County. For the next 6 miles the erosion
rate ranged from between 1 and 2 feet per year. For the 3-mile
section around Indian River Shores, the shoreline was stable dur
ing a period from 1930 to 1972. At Vero Beachthe average reces
sion rate is estimated at just under 1 foot per year. The southern
5.5 miles of county shoreline experienced 1 to 5 feet of annual
seaward advance.

Vero Beach has stabilized its shoreline over the years with a
series of walls, groins, and revetments (fig. 4.32). The September
1983 issueof Discover magazine featured a photograph of a Vero
Beach shorefront dune with two junked cars sticking out of it.

Fig. 4.32. Erosion scarp on the beach at Patrick Air Force Base. The
nourished beach is disappearing rapidly here.

Obviously the dune was an artificial one that was given some
"backbone" by throwing in old cars. As a result of the various
stabilization schemes, Vero Beach's beach is narrowing and will
soon disappear. Plans afoot to pump up new sand on the beach
will cost local citizens a bundle. The possibility of future beach
replenishment costs should be a factor in the decision ofanyone



Fig. 4.33. A very unusual revetment on Vero Beach. Photo by Dinesh
Sharma.

to build and buy in Vero Beach (or for that matter in any of
Florida's shoreline communities with degrading beaches).

Along much of Indian River County, one or more sand dune
ridges parallel the shoreline and afford relatively high elevations.
Insome areas a heavy forest remains, and future development will
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be made much safer if the forest is left as intact as possible. Besides
elevation and forest cover, a third factor that should be considered
by potential homeowners is island width—the wider the better.
Wide islands may be less susceptible to flood and overwash, pro
viding their elevation is not low. Overall, development in Indian
River County is still light enough that the safetyof future develop
ment here is in the hands of those who will enforce setback and

other regulations. Things do not look good for Vero Beach, but in
the southern part of Indian River County the setback line seems
to be observed.

Evacuation is a problem here. Highway 510 near Wabasso
Beach has elevations of only 4 feet in the approaches to the fixed-
span bridge. However, the bridges to the Vero Beach mainland
have higher elevation abutments. From southern Indian River
County through Vero Beach, Highway AiA runs through flood-
prone zones. The lowest points are around 2 feet, according to
the National Ocean Survey's flood maps; these elevations are not
nearly as low as on Hutchinson Island to the south. Australian
pines are a problem in Indian River County. Where they line the
highway, it should be assumed that once the winds start, they will
fall across the road and block the only escape routes.

We have classified 22.9 miles of this county as moderate risk for
development and 5.8 miles as high risk (figs. 4.33 and 4.34).

St. Lucie County

St. Lucie County's Atlantic Ocean barrier island coast stretches
for about 22 miles. The county's open ocean shoreline consists
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domania"arrivesthe evacuation problem willbecomemore severe.
During a severe storm there is a strong likelihood that new in

lets will break throughsomeof the narrow portionsof the islands.
New inlets, of course, add to the problem of post- and prestorm
evacuation of St. Lucie County. It should be assumed that Austra
lian pines, when adjacent to a road, will block that road at an
early stage of the storm.

In summary, wehave classified 3.3miles of theSt. Lucie County
shoreline as moderate risk and 18.0 miles as high risk (fig. 4.35).

Martin County

Martin County's ocean shoreline consists of about 21 miles of
barrier islands—approximately7 milesof Hutchinson Island from
the northerncounty lineto St. Lucie Inlet,and 14miles of Jupiter
Island to the southern county line. Hutchinson Island is low and
narrow, ranging in elevations from 5 to 10 feet and in width from
200 to 4,000 feet. Jupiter Island varies in width from 200 feet near
PeckLake in the north to 3,600 feet near the Jupiter Island Coun
try Club. The northern5 miles of Jupiter Island are below 5 feet
in elevation, while south of this section the elevations range be
tween 10to 15feet, with the highest point at 24 feet. Thus, on the
basisof physical islandcharacteristics alone, the southern third of
Martin County's shore is probably the safest.

Down the length of Hutchinson Island is a single sand dune
ridge that is the safest area for development. Just north of Semi
nole Shores is a stretch of island that is probablythe narrowest in
all of Florida. Thissection would appear to be a highly probable
siteof overwash and new inlet formation and a major obstacle to
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evacuation for Seminole Shores. However, this thin neck (100 to
200feet) has existed for over 100years because it is protected by
well-cemented rocks that crop out on the beach (fig. 4.36). The
northern 3 or 4 miles of Jupiter Island are being eroded at a very
rapid rate as a result of jetty construction on the north side of St.
Lucie Inlet. The jetty has blocked the natural north-south flow of
sand and has starved Jupiter Island beaches. It is likely that this
sand starvation is affecting Jupiter Island over its entire length.

Martin County beaches are subject to both hurricanes and win
ter storms. More than 15hurricanes passed within a 50-mile radius
of Martin County between 1830 and 1982,at an averageof 1hur
ricane every 10 years. Damaging storm floods occurred in 1928,
!933, T947» 1949. and 1964. During September 1933, winds of
125 mph were estimated at Jupiter Inlet just south of the Martin
County line. During the August 26, 1949, hurricane, winds of up
to 153 mph were recorded in the Stuart-Jupiter area. A high-
water mark of 8.5 feet was observed in the St. Lucie River on the
railroad bridge near Stuart, and the town suffered the worst dam
age in its history. Five hundred people were left homeless,but the
same storm today would destroy many more hundreds of homes.
During Hurricane Isabell winds reached 80 to 100 mph, and the
Hobe Sound area was severely flooded. The effect of hurricanes
on beaches has not been as serious as that resulting from many
northeasters. The most severe northeast winter storms occurred
in 1925,1932, 1947,1962,1981, and 1983.

The Federal Emergency Management Agency estimates that
1oo-year flood levelsalong the oceanfront would range between 7
and 8 feet abovemean sea level. Besides the measuredstorm surge
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of 8.5 feet at Stuart, still water levels of 7 and 6.5 feet were noted
during hurricanes at Jupiter Inlet (1945) and at St. Lucie Locks
(1947), respectively.

The beach over most of the area is 50 to 100 feet wide at low
water, and the slopes are rather steep. At several locations the
mean high water reaches the toe of the dunes, upland trees, or the
seawalls. The entire shoreline here has a history of retreat since
the 1880s, with the exception of the aforementioned rocky beach
on Hutchinson Island. The opening of an artificial inlet, St. Lucie
Inlet, in 1892 and construction of the north jetty (1930), which
acted as a littoral barrier for the movement of sediments to the

south, are 2 events that greatly increased shoreline retreat.
The U.S. Army Corps of Engineers' beach erosion control study

of Martin County indicates that between 1882and 1964there was
general retreat of the shoreline for the area south of St. Lucie and
Jupiter inlets and accretion of the shoreline north of the jettied
inlets. Between 1882 and 1964 the 16 miles of shoreline south of
St. Lucie Inlet receded 490 feet, or an average of 6 feet per year,
with the greatest retreat immediately south of the inlet. The re
cession for the undeveloped northern part of Jupiter Island was
1,502 feet for this period.

Natural shoreline retreat and storm damage provided the reasons
for the property owners and communities to install seawalls, sloping
revetments, and groins, and to support beach nourishment. Many
of these structures have helped to protect upland property but
caused the loss of beaches and lowering of the profiles (steepening
of the beach) in front of the erosion control structures. Hobe Sound
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on Jupiter Island had at least 3 major beach nourishment projects
in 1973, 1974, and 1978 involving 2.3 million, 1.0 million, and
1.0 million cubic yards of fill. There were 3 earlier nourishment
projects in 1956, 1963, and 1967. Another beach renourishment
project was completed in 1983. The length of beach being nour
ished is 5 miles. The average life of the beach nourishment proj
ects on Hobe Sound is about 5 years. In all cases local property
owners paid for the beach nourishment (fig. 4.37) or other correc
tive action without any federal or state funding because of the lack
of adequate public beach access. Hobe Sound is one of Florida's
most exclusive beach communities, and in Florida that says a lot

(fig. 4-38).
Evacuation is a problem in Martin County. Most of the devel

oped areas will be flooded during a major storm, and the roads
lined with beautiful Australian pines will prove impassable. Aus
tralian pines have shallow root systems, and it is safe to assume
that these trees will be toppledacross the road in the earliestwinds
to strike the already rain-soaked island at the onset of the next
hurricane. All Martin County beaches are connected to the main
land by drawbridges, which increases the hazard of evacuation.
The heavy forests in some developed areas are a plus because
trees will partially protect houses from wave and wind impact
(although splintered branches may leave a few holes in the roof).
Asyetcondodevelopment is not heavy on Hutchinson Islandand
Fisher Island, at least in comparison to other South Florida com
munities. As condo development increases, evacuation hazards
will increase in direct proportion. Martin County evacuees should

Fig. 4.37. Limestoneoutcrop infrontofthe house ofrefugeon Hutchinson
Island. Photo by Bill Neal.

drive to the high (greater than 20 feet) ridge on the mainland
immediately behind the island.

We consider 8.5 miles of the Martin Countyopen oceanshore
line to be of high risk to development and 6.8 miles to be of
moderate risk (figs. 4.39 and 4.40).



Fig. 4.38. Beach replenishment project, 1983. Hobe Sound on Jupiter
Island. Photo by Bill Neal.

Palm Beach County

Just about everybody in the western world has heard about
Palm Beach, the crownjewel of Palm Beach County's 45 milesof
open ocean shoreline. Only slightly less famous are such names as
Delray Beach and Boca Raton. It seems as if everybody wants a
piece of the Palm Beach shoreline, and the closer the piece is to
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Fig. 4.39. A house snuggled behind the low frontal dune on Jupiter Island.
Photo by Bill Neal.

the beach the better. As a result, this county has one of the most
extensively developed barrier systems in the world, and beach
front property prices here are astronomical byanybody's standard.

The quality of this much sought after environment is highly
variable. For example, only a small amount of beach remains in
front of the seawalls at Palm Beach, but that seems to have little
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Fig. 4.40. Site analysis: Waveland to St. Lucie Inlet.
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impact on thequality of life ofthecommunity. In fact, many Palm
Beach residents oppose replenishing the beach because a broad
new beach might bring in an influx of people from the outside
world. At the other end of the spectrum are some of the beaches
offBocaRaton that are relatively broad and relatively "unspoiled."
The aesthetic qualityof development variesas well, rangingfrom
the spectacularly beautiful hedge-lined streets of Palm Beach, to
the endless condo rows fronting South Palm Beach and Delray
Beach, to the lightly developed maritime forest at thenorthendof
Lake Worth. Safety is variable as well. We classify 5.7 miles of
Palm BeachCounty's shoreline as lowrisk, 25.8 milesas moderate
risk, and 7.9 miles as high risk (figs. 4.41,4.42, and 4.43).

Werank 3 areas in the countyas low-risk sitesfor development.
In chapter 1weaskedthe question (ofourselves) where would we
want our parents to livealong Florida'seast coast, and the Juno
Beach area turns out to be one of those locations. Although there
is a floodrisk, evacuation from this area should be reasonablysafe
for anyonewith a modicumof prudenceand commonsense. Two
other areas, near Delray Beach and Boca Raton, also wereclassi
fied as low risk, but here evacuation poses somewhat more of
a hazard. The section of shoreline classified low risk near Boca
Raton has a public park fronting the beach, and the park along
with the highway act as a good natural buffer to the forces that
ravagethe shoreline.The 2 areas in Palm BeachCountyclassified
as high risk are Highland Beachand the area south of Lake Worth
Inlet. Amongother problems,both beach-frontareas haveparticu
larly severe erosion.

The northern 2 miles of barrier island (south end of Jupiter
Island) in the county range in width from 700 feet to about 2,300
feet near Jupiter Inlet. Jupiter Inlet Colonyis located north of the
inlet. The beach width in this section varies from 20 to 70 feet at
mean low water and has steep slopes in the nearshore. The frontal
dune elevations (which have been partially built upon) range from
15 to more than 20 feet.

From Jupiter Inlet to Lake Worth Inlet (artificially cut in 1918)
the barrier island is 11.7 miles long. The towns of Juno Beach and
Palm Beach Shores (Singer Island) are located on this island. In
different sections the island width varies from 600 feet to about
1 mile. Frontal dunes, with elevations of 15 to 20 feet, occur for
most of the reach. The natural dunes are particularly well devel
oped on the northern half of this island, and at Juno Beach a
53-footdune has been mapped. The southern3-milesection of the
island (Singer Island) has averageelevationsof only 10feet above
the low-tide mark.

It is worth mentioning here one of the most startling examples
of unwise development wehaveseenon East Florida's beachfront
(fig. 4.44). This is the Jupiter Reef Condo betweenJuno Beach
and Jupiter Inlet. It has been built virtually on the beach. It not
only endangers its own inhabitants, but the structure willact as a
groin and will cause erosion of beaches to the south. Somehow
this folly has occurred in a community where the setback line is
generally observed.

The barrier island between Lake Worth Inlet and South Lake
Worth Inlet (another man-made inlet cut in 1927) stretches for



15.6 miles. Palm Beach and South Palm Beach are the towns on
this island. The width of the island varies from about 600 feet to
about 4,500feet. The elevation of the first rowof dunes (primary
dunes) is less than 13feet within the Palm Beach city limits and
increases to 27 feet on the southern portion of the island. The
dunes are steep, and the offshore profiles in this section also are
steep. Often Australian pines cover these dunes, and as discussed
earlier these pines do not retain or protect the dune sand very
well.

The barrier island between South Lake Worth Inlet and Boca
Raton Inlet (fig. 4.45) stretches for 14.5 miles. The barrier width
varies from 750 feet to about 2,000 feet, and the primary dune
elevations range from 15 to 23 feet above mean low water. The
beaches are narrow and steep.

South of Boca Raton Inlet is about a i-mile section of island in
Palm Beach County. This stretch is about 700 to 800 feet wide.
The elevations are relatively low, about 12 feet above mean low
water, and the beach is narrow and steep.

The bay side of the barrier islands was originally lined with
mangrove trees. However, along much of the county's shoreline
mangroves were leveled and the area filled; the estuarine and
Intracoastal Waterway shoreline is now lined with bulkheads.

Palm Beach County has one ofthe most urbanized barrier island
shorelines in Florida. However, almost9 milesof thecounty'stotal
of45 miles of beachfront is in publicownership, and an additional
4 miles or so is being acquired by state and county agencies to
meet public recreation demands and to minimize public hazards
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and losses from hurricanes and shoreline erosion.

The forces of wind, waves, current, sea-level rise, and tides con
tinually affect the barrier beaches. The predominant winds are
from the southeast, but the strongest winds are from the northeast.
The highest recorded storm tide in Palm Beach was 11.2 feet above
sea level during the 1928 hurricane. The predominant littoral cur
rents are from north to south during winter and spring and from
south to north during the summer and fall, with the net annual
movement from north to south.

Hurricanes and winter storms with winds from the northeast

cause rapid changes in the beaches and dunes and cause property
damage and evacuation problems. Between 1900 and 1982 a total
of 15 major hurricanes passed within a 50-mile radius of Palm
Beach County, a frequency of 1 every 5.5 years. The storm of
October 1910 brought severe rain and a 5-foot rise in the Loxa-
hatchee River and Hobe Sound, causing extensive flooding on the
bay side. The storm of September 1926 caused considerable dam
age and loss of beach material. The most severe storm to hit Palm
Beach was the September 1928 hurricane, the eye of which passed
right over the county. Winds of over 100 mph, a barometric pres
sure of 27.43 inches, and a storm surge or tide of 11.2 feet were
recorded. The property damage in the Palm Beach-Lake Worth
area was estimated at $11 million (it would be about 6 times that
amount in 1984 dollars), and various sections of Highway AiA
and State Road 707 were damaged. The storm of September 11-
19, 1947, with over 100-mph winds, caused severe erosion of the
beaches and washed out a i-mile section of Highway AiA in Del-
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DANGER: Flood risk

CAUTION: Evacuation difficult

CAUTIONs Next to inlet

+ Non-engineered beach
+ Vegetated dunes

Flood risk

Evacuation difficult

Beach erosion

Engineered shoreline
No foredune
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DANGER: Proximity to inlet
CAUTION: Flood risk

CAUTION: Near jetty
+ No stabilization

+ Wide, natural beach
+ Vegetated dunes
+ Good setback of buildings

Fig. 4.42. Site analysis: Jupiter Inlet to Palm Beach Shores.

DANGER: Flood risk

CAUTION: Safety depends on
quality of future development

+ Safest sites on ridges
+ Good setback of buildings
+ Rock outcrop on beach

Juno Beach
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DANGER: Evacuation difficult

DANGER: Beach erosion

CAUTION: Flood risk

CAUTION: Engineered shoreline

Fig. 4.43. Site analysis: Palm Beach Shores to South LakeWorth Inlet.

DANGER: Flood risk
CAUTION: Evacuation difficult
CAUTION: Engineered shoreline
+ Wide, relatively high island
+ Safest sites on ridges
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DANGER: Flood risk
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CAUTION: Shoreline engineering
+ High front ridge
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DANGER: Beach erosion
DANGER: Flood risk
CAUTION: Evacuation difficult
CAUTION: Shoreline engineering
+ Safest sites on ridges
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ray Beach along with the municipal pavilion. The storm of August
1949 pounded Palm Beach with 130-mph winds and washed out
a 3-mile section of Highway AiA from Lantana to Lake Worth.
Other highway sections from Boynton Beach to Delray Beach also
were damaged. If a hurricane struck Palm Beach now, the damage
to shorefront property would be greater than ever because there is
no natural beach buffer.

The annual northeasters have caused the most severe and lasting
changes along the shoreline. The winter storms of 1957,1962, and
1981-82 were particularly notable for the considerable damage
they did to bulkheads and beach dune profiles.

Over much ofthe county shoreline from 1883 to 1983 the beaches
have generally retreated—but at varying rates. As a general rule,
stretches of 1 to 1.5 miles in length north of the inlets and their
associatedjetties have either remained stable or have built seaward.
The areas immediately south of the inlets have experienced severe
retreat due to the blocking of the littoral drifts at the jetties and
shoaling of the inlet bars. The beaches of Palm Beach Island ex
perienced erosion landward of the 30-foot depth contour, amount
ing to 8,000,000 cubic yards between 1929 and 1955. The beaches
south of South Lake Worth Inlet have experienced both retreat
and buildout, but retreat exceeds buildout for the entire section in
spite of a sand transfer plant at the inlet. The Army Corps of
Engineers estimates that Palm Beach County is subject to annual
losses of 190,000 cubic yards of sand.

The shoreline of Palm Beach County has been extensively engi
neered with seawalls, groins, revetments, jetties, and beach nour

ishment. There have been several beach nourishment projects on
Palm Beach Island and at Delray Beach. Sand bypass systems on
Lake Worth Inlet and South Lake Worth Inlet place an annual
average of 63,000 cubic yards and 80,000 cubic yards of sand,
respectively, on the south side of the inlet. However, the fixed-
boom type of sand transfer system at South Lake Worth Inlet is
inefficient and at times pumps waterinsteadof sand. DelrayBeach
was nourished in 1973 with 1.6 million cubic yards of sand place
ment; the same was done in 1978-79. There are currently active
projects to nourish Ocean Ridge Beach south of the South Lake
Worth Inlet and to renourish Delray Beach. In 1974 Palm Beach
County conducted a study that recommended a beach nourish
ment programfor 33.9milesof beaches at a cost of $17.5 million.
The Corps of Engineers study recommended improvement for
12.2 miles of beaches at a cost of $22.98 million. These projects
have not been carried out as yet.

Evacuation is a serious problem for Palm Beach County. Most
areas on the barrier islands are well below the 100-year flood level.
Jupiter Inlet Colony residents must escape via Highway 707,
which has low-elevation approaches to a drawbridge. From the
vicinity of Juno Beach to the Seminole GolfClub may be one of
the safest areas on the east coast of Florida in terms of evacuation.
Palm Beach has three routes of evacuation to the mainland, all via
drawbridges. Australian pines line most of the streets in Northern
Palm Beach and should be expected to blow down and block
evacuation routes. Much of the evacuation route in South Palm
Beach lies below a 5-foot elevation along the back side of the



island and is very susceptible to flooding. The 2 closest routes to
the mainlandare drawbridges. On the DelrayBeach, GulfStream,
and Ocean Ridge segment of the Palm Beach County shoreline,
Highway AiA is on fairly highground. However, roadways back
to the mainland lie below 5 feet in elevation and are therefore
susceptible to flooding. Florida Highway 804 has a drawbridge
over the Intracoastal Waterway. Highway 806 has a fixed-span
bridge. The Boca Raton area is best evacuated by the 4-span sta
tionary bridges to the north overLake Rogers.

Broward County

Broward County has about 24 miles of open ocean shoreline.
Two inlets break the Broward barrier chain. These are Hillsboro
Inlet north of Pompano Beachand Port Everglades Harbor south
of Fort Lauderdale. All of Broward's open ocean coast is fronted
with barrier islands. Where natural sounds and lagoons do not
exist, the Intracoastal Waterway cuts through behind the shore
lineisolating the beach-frontstrip of land. Width of the islandsin
Broward County ranges from a mere 300 feet or so north of Hills
boro Inlet to 4,500 feet near Fort Lauderdale. Elevations of the
Broward County islands are usually less than 15 feet and reach
maximums of a little more than 20 feet. There is a more or less
continuous ridge of sand down the length of the Broward shore,
but it is generally lower and less well-developed than the ridge of
the Palm Beach County shore. Of the 24 miles of county shore-

ont, a little more than 8 miles is in public hands, that is, owned
the government.
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The county's beach-front communities are, from north to south,
Deerfield Beach, Hillsboro Beach, Pompano Beach, Lauderdale
by-the-Sea, Fort Lauderdale, Dania, Hollywood, and Hallandale.

Broward County is highly developed. Thousands of buildings
hug the shoreline, and more and bigger structures go up everyday.
Unfortunately this shoreline has a long history of erosion that has
resulted in emplacement of a great deal of shoreline stabilization
structures: seawalls, groins, revetments, etc. The natural erosion
rates are high but have been pushed even higher in some cases by
jetties and other structures. For example, prior to i960 the Corps
of Engineers estimated that the annual shoreline recession rate of
the stretch between the county line and Hillsboro Inlet was 4 feet
per year. During the sixties and seventies the rate accelerated to
more than 10 feet per year. Part of the acceleration may be due
to jetties at Boca Raton Inlet in southern Palm Beach County.
Between Hillsboro and Port Everglades Inlet the recession rates
have been much smaller, although Pompano Beach is an excep
tion with its rates of 4 to 8 feet per year. On a shoreline as heavily
stabilized as Broward, perhaps present-day recession rates are
rather meaningless. Much of the shoreline retreat now affects
replenished or nourished beaches (fig. 4.47). Almost every com
munity in the county has, or plans to have, some sort of beach
nourishment project. The experience so far indicates that replen
ished beaches here disappear very quickly (3 to 5 years), and re
plenishment and re-replenishment are required. In some cases the
reason for the quick loss of sand may be poor choice of siting for
the offshore dredging. During the summer of 1983 we observed
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SOUTH LAKE WORTH

DANGER: Flood risk

CAUTION: Local shoreline
engineering

CAUTION: Evacuation difficult
CAUTION: Beach erosion

+ Rock outcrops on beach

Fig. 4.44. Site analysis: Ocean Ridge to Boca Raton Inlet.

DANGER: Flood risk

CAUTION: Evacuation difficult

+ Road between beach and

development
+ High frontal sand ridge

DELRAY BEACH
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Fig. 4.45. Seawall and groin in front of a too-close-to-the-beach develop
ment. Juno Beach south of Jupiter Inlet. Photo by Bill Neal.

brown-stained sand on newly replenished beaches (for example,
Hollywood Beach and Pompano Beach). Since brown staining of
shells probably occurs on the beach while material is exposed to
air, the fact that brown shells are being pumped up means that a
hole is being dug in the lower beach. Replenished sand may simply

Fig. 4.46. Shorefront condos, Boca Raton. Photo by Bill Neal.

fall back into the old hole, which could account for the very rapid
disappearance of some of the artificial Broward beaches.

Prudent potential Broward beach-front property owners should
snoop around and find out what their future tax bills may be like
because of the community's beach stabilization projects.



Fig. 4.47. Replenished beach at Hollywood Beach. This beach is experi
encing high rate of erosion. Photo by Bill Neal.

Broward County has had an active storm history. Between 1870
and 1970 the eyes of 7 storms passed through Broward County.
Four of thesestorms exited—that is, passed from land to sea—and
3 storms made a landfall. The exiting storms can cause severe wind
damage, but as a rule they do not cause major flooding. The flood
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ing problems are much greater when a storm moves on to land from
the sea. Expected 100-year flood levels from such storms along
the open ocean shoreline are in the range of 7 to 12 feet. Maxi
mum hurricane water levels actually recorded at Fort Lauderdale
include a high of 12.6 feet above sea level in the 1926 storm and
8 feet in the Yankee storm (1935). The 1947 storm produced a
9.8-foot storm surge at Hillsboro Inlet. The Yankee storm, by the
way, was so named because it actually moved ashore from the
north.

A third type of hurricane affecting Broward County is called an
"alongshore hurricane." These storms do not come ashore near
the county but pass along offshore and parallel to the coastline.
The last alongshore hurricane was David (1979).

Of the 24 miles of Broward County shoreline, we consider about
65 percent to be in the high-risk category and 35 percent in the
moderate-risk category (figs. 4.48, 4.49, and 4.50). We found no
shoreline segments here that we would classify as low risk.

Evacuation is a major problem in Broward County and is one of
the reasons so much of the shore is considered to be high risk.
There are 12 bridges across the Intracoastal Waterway to the
mainland here, but all are drawbridges and hence are risky to
depend on in a storm crisis. A large number of people live in low-
elevation, high flood-risk zones, the most important of which are
the extensive finger canal developments. There will be many thou
sands of people trying to simultaneously escape the Broward shore
if a big one threatens. Perhaps you might consider choosing a
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DANGER: Flood risk

DANGER: Evacuation difficult
CAUTION: Narrow beach

CAUTION: Narrow island

+ Rock outcrop on beach
+ Safest sites on ridge

BOCA RATON
INLET

DANGER: Flood risk
DANGER: Beach erosion

DANGER: Shoreline engineering
CAUTION: Evacuation difficult
CAUTION: Narrow island
+ Safest sites on ridges

DANGER: Flood risk

CAUTION: Evacuation difficult

CAUTION: Beach erosion

CAUTION: Narrow beach

+ Good setback of buildings

Fig. 4.48. Site analysis: Oceanvue to Hillsboro Inlet.

high-rise building that you know is well-built and use a friend's
condo for shelter.

Wide beach-front areas offer the least risk. In Broward County
these can be found at the south end of Fort Lauderdale and Dania.

Dania, an anomalous community of single-family dwellings, is

almost surrounded by high-rises. The beach is relatively broad
here, but the low elevation of the island dictates a need for storm
evacuation. Another rather striking anomaly in beach-front devel
opment in BrowardCounty is the Marriott Hotel in Fort Lauder
dale. For some reason the motel chain was given a variance to the



coastal setback line, and the building sits far out on the beach
relative to adjacent, more prudently sited buildings. It is predict
able that the seawall in front of the Marriott Hotel will soon be
reducing the sand supply and causing erosion of downstream
(southerly) beaches.

Dade County

Dade County has about 35 miles of open ocean shoreline, of
which 15 miles are made up of barrier islands. In this discussion
we will restrict ourselves to the barrier beach communities. Much
important information concerning Key Biscayne, Virginia Key,
and Miami Beach is included in the field trip guide at the end of
the book and will not be repeated here. Hence this discussion of
Dade County is somewhat abbreviated.

The main beach-front communities on the Dade County shore
are, from north to south, Golden Beach, Sunny Isles (fig. 4.51),
Bal Harbor, Surfside, Miami Beach, and Key Biscayne. Here in
Dade County and especially in Miami Beach is one of the world's
most densely developed barrier island shorelines. Also here are
someof the world's most famous luxury hotels.

The barrier islands range from 0.2 miles to 1.5 miles in width.
Elevations are generallyquite low. A more or lesscontinuous sand
ridge parallels thebeach, with elevations ranging from 5 to 12feet.
Behind the narrow frontal sand ridges the islands tend to be flat
and low, much of the area being less than 5 feet in elevation.

Miami Beach and Bal Harbor occupy the same island that is
bordered to thenorth byBakers Haulover Cutand to thesouth by
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Government Cut. Both inlets are jettied, and Government Cut is
the main channel for the Port of Miami. The dominant direction
of sand movement along the beaches of Dade County is from
north to south; hence, beaches to the south of jetties have suffered
erosion. Essentially no sand escapes to the south of the Govern
ment Cut jetties.

Although the shoreline elsewhere in Dade County has generally
retreated, the Miami Beach strandline has more or less remained
stationary since 1920.The recent $6 million per mile nourishment
project has widened the beach to 300 feet (fig 4.52). That Miami
Beach had no beach during the sixties and seventies was due not
so much to erosion as to the fact that buildings were constructed
right on the beach. During most of this century the shoreface, or
lower beach, to a depth of about 30 feet has become gradually
steeper along much of the Dade shoreline. Waves approaching
the shore are greatly influenced by the bottom; that is, when an
approaching wave "feels the bottom" it breaks. If the shoreface is
steep, a wave will not feel the bottom and break until it is closer to
shore. Therefore, larger waveson the average are hitting the beach
today than 50 years ago.

During the last 100 years or so, 12 hurricanes have passed
through Dade County, 8 of which made landfall in the county and
4 of which exited back out to sea. A number of other hurricanes
brushed by the Dade coast on their way north. Hurricanes that
caused significant damage to Dade County occurred in 1903,
1906,1926 (the big one), 1929,1935 (2 storms), 1941,1945,1947
(2 storms), 1948, 1949, 1950, 1964, 1965, and 1966. Since 1966
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Fig. 4.49. Site analysis: Pompano Beach to Harbor Heights.



DANGER: Flood risk

CAUTION: Engineered shoreline
CAUTION: Evacuation difficult
CAUTION: Beach erosion
+ Highway between beach and

buildings
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DANGER: Flood risk (extreme)
CAUTION: Evacuation difficult
+ Beach sand may accumulate

because of jetty

Harbor..

Heights
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1 kilometer

Fig. 4.50. Site analysis: Dania to Bakers Haulover Cut.



Beverly Beach

DANGER: Flood risk

DANGER: Evacuation difficult
CAUTION: Beach erosion
+ Dunes preserved

DANGER: Flood risk

DANGER: Evacuation difficult
DANGER: Very narrow beach
CAUTION: Engineered shoreline
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Fig. 4.51. Sunny Isle beach. Note remnants of groins. Photo by Bill Neal.

there have been some close calls but no really damaging storms.
Interestingly, a recent Corps of Engineers evacuation study indi
cated that numerous South Florida citizens think they have sur
vived an important hurricane, even though no such storms have
occurred since their arrival in the sunny south. The problem is that

.

Fig. 4.52. Construction ofthe new (1983) Miami beach boardwalk onthe
new $68 million beach. Photo by Bill Neal.

such people may treat the next real storm with undue contempt.
Hurricanesare not the onlystormsthat cause shoreline damage.

Winter storms,often from the northeast, cause both damage (fig.
4.53) and erosion.

Evacuation is, as usual in South Florida, a major problem.



Fig. 4.53. Miami Beach after
the October 31, 1969, storm.

Photo by the Miami Herald
from the University of Florida
coastal engineering archives.
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Seven bridges connect the beach-front communities of Dade
County to the mainland, but only i is a fixed-span bridge (the
Julia Tuttle Causeway, which is also federal Highway 195 and
state Highway 112). Besides being the only fixed-span bridge, the
Julia Tuttle Causewayhas a relativelyhigh abutment elevation of
8 to 10 feet and is definitely the safest way off Miami Beach. The
Venetian, MacArthur, and North Bay causeways have minimum
elevations of 4 feet and can be expected to flood early. The ap
proaches to the Rickenbacker Causeway, the only escape route
from KeyBiscayne, are 3 feet in elevationand are lined by massive
Australian pines that should be expected to totally block escape
from this low-elevation island early on in a major storm.

Adding to the problem is the fact that once you have escaped to
the mainland, your troubles are not over. Much of Miami is very
lowin elevation and in the next big storm can expect to be flooded.
Therefore, it is verycritical for all residentsof the Dade shoreline
to plan ahead. Find out from your local city hall what the evacua
tion plan is. What shelters can you reach in time? We think the
best advice is to leave your island abode more than 24 hours be
fore the storm strikes. (At that stage, of course, you cannot even
be certain that the storm will strike your community.) Next, drive
inland and visit Aunt Sue in Orlando or see the museums and
colonial homes in Tallahassee or go to the coastal engineering
library in Gainesville and read about Florida's shoreline problems.

For the barrier island stretch of the Dade County shoreline we
consider 33 percent to be high risk for development and 67 per
cent to be moderate risk (figs. 4.54 and 4.55). Most of the stretch

HAULbVI
CUT

Fig. 4.54. Site analysis: Miami Beach.
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of barrier island fronted by the replenished Miami Beach falls in
the moderate-risk category because of the shock-absorbing effect
of the new beach.

Monroe County/Florida Keys

"Key" comes from the Spanish word cayo, meaning small, low-
lying island. The Florida Keys are quite different from the beach
and barrier island systems that we have been discussing. They are
a chain of 97 low-lying, limestone islands extending in an arc
around the tip of the Florida peninsula from about Miami to a
point 235 miles south, then southwest to the Dry Tortugas (fig.
4.56). The islands and some barely submerged banks between are
composed of 2 formations of limestone named Key Largo Lime
stone and Miami Oolite, both formed during the ice ages. The
Key Largo formation is an old coral reef built upon unconsoli
dated quartz and carbonate sand. It is a typical coral reef with the
expected variety of fossil coral heads and the shells of many dif
ferent snailsand clams. The Miami Ooliteformation is composed
of fragments of shells and of particles called oolites, sand-sized
spherules of calcium carbonate that precipitate out of seawater in
a shallow-water environment subject to lots of wave activity.

Theenvironment. The natural environment of the Florida Keys,
where it still exists, is breathtakingly beautiful. This beauty is due
to many unique and fragile interelated ecosystems. Figure 4.57 is
a typical but generalized cross section of a part of the Florida
Keys.

On the seaward edge of the limestone platform are the barrier
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reefs. Landward of the these reefs are small, more or less circular
features called patch reefs. These 2 types of reef make up the only
large living reef systems of the continental United States. The
beautiful reefs can best be viewed at John Pennekamp Reef State
Park. Besidesproviding beauty for all to enjoy, the reefs, especially
the barrier reefs, provide protection from waves.

Mixed among the patch reefs (fig. 4.57) are shifting shoals of
calcareous sand made up mostly of fragments of the reefs broken
up during storms.

The islands themselves are the high points of the old barrier
reef systems. There are few natural beaches in the Keys; usually
the shoreline is bare limestone. Most beaches on the Keys are
artificial, the beach at Key West being an example. Before 1926 a
small beach was present at Key West, but construction of a sea
wall behind the beach caused its rapid disappearance. The arti
ficial beach, made up of crushed limestone and dredged sand, was
emplaced in i960 for $285,000. Most of it disappeared within a
decade.

Good examples of small natural beaches in the Keys stillexist
on Marathon Key and in Bahia Honda State Park.

Often insteadof beaches, mangroves growalongall the margins
of the islands. The mangrove community is a very important one
in thatit provides a nursery forthelarvae of many forms of marine
life. Red mangrove liesat the edgeof the shore and has roots that
are capable of being permanently submerged in seawater. Black
mangrove treesgrow on slightly higher elevations withrootssub
merged by everyhigh tide, whilethe third speciesof the mangrove
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Florida
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upland forest: West Indies flora in
upper Keys,
pine forest in
lower Keys.

Fig. 4.57. Generalized cross section across the Florida Keys.

Florida
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troika, the white mangrove, has roots that are flooded only by
storms or spring tides.

The islands are crowned with a forest (fig.4.57) called a "tropical
hammock," which is a typical West Indies assemblage of exotic
trees and bushes found nowhere else on mainland America. The

tropical hammock assemblages are found on the northern Keys,
whileon the southern Keysthe native forest isdominated by pines,
thatch palms, palmettos, and shrubs and grasses typical of nearby
mainland areas. Behind the Keys is Florida Bay (fig. 4.57), a
shallow bay dotted with numerous mud banks. Some of the mud
banks have mangroves on them and others do not. Florida Bay is
an important nursery area for commercial species of shrimp.

Look what they've done to our Keysl People have moved to the
Florida Keys for many reasons, but foremost among them is the
natural beauty of this delicate ecosystem. Unfortunately, but cer
tainly not surprisingly, development is rapidly destroying the very
environment that people are moving to the Keys to enjoy. Devel
opment has been especially heavy in the northern Keys. Parcels of
land have been stripped of their unique West Indian vegetation,
built up, flattened, and relandscaped, often unsuccessfully. Intro
duced plants often do poorly in the poor to nonexistent soils;
thus, fertilizers and topsoil from elsewhere must be introduced.

Most new residents have septic tank systems. Combined septic
tank effluent and fertilizer seep into the porous and permeable
limestone, causing these pollutants to be rapidly introduced into
the adjacent marine environment. Some pollutants also may be
transported south from the Miami area. Unfortunately, develop
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ment also is accompanied by dredging and filling that muddies the
adjacent waters.

Drinking water, by the way,arrives via pipeline from the main
land—a long, tenuous lifeline.

There is a possibility that pollution may be killing the barrier
reefs. It is not alwayseasy to distinguish natural from man-made
effects, but the Florida Department of Natural Resources esti
mates that 85 percent of Hen and Chicken Reef off Key Largo is
dead. Adding to the problem are souvenir-hunting tourists who
remove coral heads and allow anchors to drag. Loss of the reefs
would be a great natural disaster. Among other effects, storm-wave
intensitywill be muchincreasedwithoutthe protectionof the reef,
a phenomenon observed in the Virgin Islands where sugarcane
production killed offshore reefs.

Some of this discussion about the Keys comes from a 1975
book, Environmental Qualityby Design: South Florida, by A. R.
Veri and others. We highly recommend this book to the reader
interested in learning more about the Keys and other marine en
vironments of South Florida (see full entry in appendix C).

Thestormthreat. Hurricanes pose an enormous threat to people
on the Florida Keys. Perusal of the index map (fig. 4.56) shows
why. There is a single highway, recently expanded to four lanes,
that connects the Keys all the way from Key West to the mainland.
There is no other land connection. Complete evacuation before a
big storm will be virtually impossible because Route 1 in the Keys
is lowand crosses numerous bridges. Flooding willclose the escape
road early, and you can be sure there will be fender benders,
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Fig. 4.58. Repair of the old Florida Keys highway 3 days after the passage of Hurricane Donna (1960). The new highway
also is vulnerable to such breakthroughs in future hurricanes, making the evacuation problem particularly critical. Photo
furnished by Harold R. Wanless.



jackknifed trucks, and other smashups blocking the escape route.
Compounding the dangers is the fact that many residents of the

Keys live in mobile homes that can be destroyed by even a modest
hurricane.

Finally, the Keys themselves provide no place to hide. Average
elevation is only 3 feet, and maximum elevation in the whole
chain is only about 18feet. More than 99 percent of the land area
of the Keys is belowthe 100-year floodlevel, and 90 percent of the
land is less than 5 feet. Many residents have been lulled into a
false sense of security because the Keys have not suffered a direct
hit since Hurricane Donna ravaged the area in i960. The worst
storm occurred on September 2, 1935, when a hurricane with
sustained winds estimated at 200 mph struck the Keys, caused
massive damage, and killed 400 people. The strip of maximum
damage was only 40 miles wide. In 1846 a hurricane destroyed
Key West. Water was 5 feet deep in the main street, and survivors
clustered at the highest point in the area (only about 17 feet) were
nearly washed away by waves.

Of 17 Red Cross shelters listed for the Keys, every one would
be flooded in a hurricane of strength "5" and many would be
inundated in hurricanes of Saffir-Simpson class "3" (table 2.1). A
recent, previously discussed study of hurricane evacuation risks
(see tables 4.1 and 4.2) shows that a serious misconception exists
among South Florida and Florida Keys residents. Many of them
think they have been through a hurricane, when the records show
that they have not. No wonder that Civil Defense and officials
involved with evacuation are concerned that many people will not
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heed their warning until it is too late.
We consider the entire Florida Keys to be high risk for devel

opment. There are several reasons for this classification but the
principal one is the evacuation difficulty.



5. The coast, land use, and the law

The previous chapters demonstrate that the coastal zone is a
dynamic area where land, wind, wave, and organisms interact.
The resulting rapid changes are especially apparent on barrier
islands. We cannot build and live in this zone without some level
of interference, or without risking the negative impacts brought
about by natural changes.

Coastal dynamics preclude shoreline and island development
patterned after traditional inland styles. A I-story, ranch-style
house at the back of the beach will block wind transport of sand,
interfere with overwash, and ultimately behave as a seawall before
being destroyed in its turn by storm waves and flooding. This
traditional design in this dynamic zone would have a much shorter
life expectancy than the same house in an inland location. The
servicesfor this house and many like it (for example, electric lines,
gas mains, water lines), the sewage generated, and the roads,
bridges, and service structures required for suchdevelopment will
exceed the carrying capacityof a barrier island much quicker than
for a similar inland community. The resultingdamage to the envi
ronment through pollution, lossof habitat, stabilization structures,
and the like removes the amenities that most shore dwellers origi
nally came to enjoy. Not only aestheticvalue is lost, but the risk
from coastal hazards is increased.

Wise land-use planning, environmental maintenance, and con
servation of the coastal zone are necessary to protect the environ

ment. But just as significant, they are necessary to protect our
selves. The ecosystem is as important to the human population as
it is to a population of pelicans or a stand of sea oats. Curiously,
laws are passed to protect the latter with the goal of protecting the
former—sometimes from ourselves.

Population growth, affluence, and migration to the Sun Belt
will necessitate increased regulation of the coastal zone. Florida's
coastal population is expected to approach 10 million by the year
2000! By analogy, as the traffic increases, more traffic laws and
regulations are required to avoid the certainty of traffic jams.

The best philosophy on shoreline development is that land use
should be in harmony with the natural environments and processes
that constitute the system. Of course, various segments of society
view the coastal zone differently. The extreme views range from
untouched preservationism to unplanned, uncontrolled urbaniza
tion. Increasingly, decisions on land use are made by governments
under the pressure of various special interest groups. Existing
legislation is often that of compromise, satisfyingthe various fed
eral, state, and local levels of the political infrastructure. We can
expect that regulations will continue to be establishedand modi
fied with the intention of ensuring reasonable, multiple land use
of the coastal zone, while attempting to protect both inhabitants
and the natural environment. Developers havehad thisexpectation
in the past, and in somecasesit has spurred unwise development.



That is, buildings have been constructed before tighter restrictions
could go into effect. Current and prospective owners of coastal
property, especially on barrier islands, should be aware of their
responsibilities under current law and expect additional regulation
with respect to development and land use.

A trip along Highway AiA demonstrates the inconsistency
with which communities have approached coastal development.
Like the NewJersey shore, southeast Florida's coast is nearly con
tinuous urban-suburban development. The same trend isapparent
along most of Florida's Atlantic coastline. One often does not
need signs to denote community boundaries; they are apparent by
the sharp contrasts in types of buildings and their position with
respect to beach and dunes (if the latter are still present). A county
ordinance limiting buildings to 4 stories is of little consolation if
you live on the last lot next door to the county line, across which
are clusters of high-rise buildings! The same is true for beach
protection. It is not a curiosity of nature that the character of the
beach and associated dunes often changes at or near community
boundaries. Such changes reflectdifferencesin land-use policyand
regulations.

A partial list of relevantcurrent land-use programsand regula
tions applicable to the Florida coast follows. The explanations
provided are general and introductory in nature; appendix B lists
the agencies that will supply more specific and detailed informa
tion. The regulations listed here range from federal lawsthat pro
tect the interests of the larger society to state and local laws and
ordinances that serve the interests of Florida citizens and the local
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community. A review of these regulations before investing in or
undertaking property development anywhere on the coast will be
in your best interest. We recommend that you contact your local
county or municipal planning, zoning, or building departments to
determine state and federal permit requirements.

Coastal Barrier Resources Act of 1982

Recognizing the serious hazards, costs, and problems with fed
erally subsidized development of barrier islands, the U.S. Congress
passed the Coastal Barrier Resources Act (Public Law 97-348) in
October 1982. The purpose of this federal law is to minimize loss
of human life and property, wasteful expenditure of federal taxes,
and damage to fish, wildlife, and other natural resources from in
compatible development along the Atlantic and Gulf coasts. The
act covers 190 designated areas, covering 700 miles of undeveloped
barrier beaches in the United States.

Specifically, the act prohibits the expenditures of federal funds,
including loans and grants, for the construction of infrastructures
that encourage barrier island development; these infrastructures
include roads, bridges, water supply systems, waste water treat
ment systems, and erosion control projects. Any new structure
built on these designated barrier islands after October 1,1983, is
not eligible for federal flood insurance. Certain activities and
expenditures under the act are permissible. The act does not pro
hibit private development on the designated barrier islands, but
it passes the risks and costs of development from taxpayers to
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owners. Allapplicablefederal,state,and localpermitsstillmust be
obtained before any development begins in the designated areas.

The Coastal Barrier Resources Act affects all or part of 33 of
Florida's barrier islands covering 110 miles of ocean beaches (table
5.1). For exact boundaries of the designated areas, contact local
city or county planning departments or the Florida Coastal Zone
Management Program Office(appendix B).

National Flood Insurance Program (NFIP)

Florida's barrier beaches are prone to flood damage from hur
ricanesand tropical storms. The probabilityof a hurricane striking
Florida's coastline is very high, up to 1 hurricane every 1.5 years.
During hurricanes, storm surge and wave heights reach 12 to 20
feet above normal, and winds of 100 to 150 miles per hour are not
uncommon. Between 1900 and 1980, hurricanes inflicted approxi
mately $1.5 billion worth of damage in the Florida coastal zone.
However, this figure is misleading because it is not in terms of
today'sinflateddollar.Giventhe presentheavilydeveloped Florida
coasts, a single moderate hurricane could match or exceed this
level of destruction!

The National Rood Insurance Act of 1968 (P.L. 90-448) as
amended by the Flood Disaster Protection Act of 1973 (P.L.
92-234) was passed to encourage prudent land-use planning and
to minimize property damage in flood-prone areas like barrier
beaches. Local communities must adopt ordinances to reduce
future flood risks in order to qualify for the National Flood Insur-

Table 5.1. East Florida's barrier

islands affected by the Coastal
Barrier Resources Act

Miles

East Florida island of beach

Bird/Talbot Island 3

Usinas Beach 0.5

Conch Island 2

Mantanzas River 1.75

Ormond-by-the-Sea 3

Ponce Inlet 1.5

Coconut Point 3.25

Vero Beach 0.75

Blue Hole Unit 6

Hutchinson Island 9.75

Hobe Sound 1

North Beach 0.75

Source: Public Law 97-348.

ance Program. The NFIP provides an opportunity for property
ownersto purchaseflood insurancethat generally is not available
from private insurance companies.

The initiativefor qualifyingfor the program rests with the com
munity,whichmust contact the FederalEmergency Management
Agency (FEMA). FEMA will provide the community with a
Flood Hazard Boundary Map (FHBM). Any community may
join the National Flood Insurance Program provided that it re
quires development permits for all proposed construction and
other development within the flood zone and ensures that con-



struction materials and techniques are used to minimize potential
flood damage. At this point the community is in the "emergency
phase" of the NFIP. The federal government makes a limited
amount of flood insurance coverage available, charging subsidized
premium rates for all existing structures and/or their contents,
regardless of the flood risk.

FEMA may provide a more detailed Flood Insurance Rate
Map (FIRM) indicating flood elevations and flood-hazard zones,
including velocity zones (V-zones) for coastal areas where wave
action is an additional hazard during flooding. The FIRM iden
tifies Base Flood Elevations (BFEs), establishes special flood-
hazard zones, and provides a basis for floodplain management
and the establishing of insurance rates.

To enter the regular program phase ofthe NFIP, the community
must adopt and enforce floodplain management ordinances that at
least meet the minimum requirements for flood-hazard redution
as set by FEMA. The advantage of entering the regular program
is that increased insurance coverage is made available, and new
development will be more hazard-resistant. All new structures
will be rated on an actual risk (actuarial) basis, which may mean
higher insurance rates in coastal high-hazard areas but generally
results in a savings for development within numbered A-zones
(areas flooded in a ioo-year coastal flood, but less subject to tur
bulent wave action).

FEMA maps commonly use the ioo-year flood as the BFE to
establish regulatory requirements. Persons unfamiliar with hydro-
logic data sometimes mistakenly take the ioo-year flood to mean
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a flood that occurs once every ioo years. In fact, a flood of this
magnitude could occur in successive years, or twice in one year,
and so on. The flooding in Jackson, Mississippi, that has occurred
over the last few years illustrates this point. If we think of a ioo-
year flood as a level of flooding having a I percent probability of
occurring in any given year, then during the life of a house within
this zone that has a 30-year mortgage, there is a 30 percent proba
bility that the property will be flooded. The chance of losing your
property becomes 1 in 4, rather than 1 in 100. Having flood insur
ance makes good sense.

In V-zones, new structures will be evaluated on their potential
to withstand the impact of wave action, a risk factor over and
above the flood elevation. Elevation requirements are adjusted,
usually 3 to 6 feet above still-water flood levels, for structures in
V-zones to minimize wave damage, and the insurance rates also
are higher. When your insurance agent submits an application for
a building within a V-zone, an elevation certificate that verifies the
post-construction elevation of the first floor of the building must
accompany the application.

The insurance rate structure provides incentives of lower rates
if buildings are elevated above the minimum federal requirements.
General eligibility requirements vary among pole houses, mobile
homes, and condominiums. Flood insurance coverage is provided
for structural damage as well as contents. Table 5.2 presents
Florida's coastal counties that are participating in the National
Flood Insurance Program as of August 1981. Almost all coastal
communities with barrier beaches are now covered under the regu-
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Table 5.2. Flood insurance policies in coastal counties of Florida
(as of August 31,1981)

Regular (R) or Regular (R) or
emergency (E) Policies in Dollar value emergency (E) Policies in Dollar value

County program effect of policies County program effect of policies

Counties with barrier islands and beaches Counties without barrier islands and beaches

Bay R 4,005 222,805,400 Citrus E 1,358 47,419.600
Brevard R 18,294 1.419,068,800 Dixie E 176 4.284.000

Broward R 111,354 7,075,675,400 Hernando E 625 20,663.600
Charlotte R 8,865 423,679,600 Jefferson E 12 297.800

Collier R 13,800 785,170,200 Levy E 231 7.211,600

Dade R 95.424 5,130,950,800 Pasco E 11,576 408,839.800
Duval R 4.373 319,556,800 Taylor E 111 3.010.300
Escambia

Flagler
R

E

4,495
655

309.675.500
23,842,600 Subtotal 14,089 $ 491.726,700

Franklin E 1,000 36,737,400
Gulf E 389 11,117.000 Noncoastal counties

Hillsborough R 13,447 788,578,800 Subtotal 23,171 $ 1.288.404,000
Indian River R 4,801 43,623,400
Lee R/E 33,608 1,346,771,400 Florida total 531,091 $ 30.563.259,400
Manatee R 10,549 577,315,000
Martin R 5,916 285,064,200 18 Atlantic and Gulf states
Monroe R 17.034 789,522,200 coastal counties total 1,164,798 $ 64,668.610,400
Nassau R/E 753 37,482,800
Okaloosa R/E 2,823 228,510.500 All other states total 745.620 $ 33,303,788,600
Palm Beach R 47,334 3,527,099,000
Pinellas R 57,019 3,132,368,200 United States total 1.918.318 $ 97.972,399,000
Santa Rosa R

R

1,611
16,467

117,517,200
889,767,600Sarasota Compiled by Dinesh C. Sharma

St. Johns R 3,306 220,283,500 Source: Federal Emergency Management Agency, Flood Insurance Ad-
St. Lucie R/E 6,134 233,698,600 ministration, Washington, D.C. Personal Communication, October 10,
Volusia

Wakulla

R

R

8,867
352

622,244,000
11.446,400

1981.

Walton R 1,156 73.556,400

Subtotal 493,831 $ 28,683.128,700



lar program.To determine ifyour communityis in the NFIP and
for additional information on the insurance, contact your local
property agent or call the NFIP's servicing contractor (phone:
(800) 638-6620), or the NFIP State Assistance Office at (904)
488-9210. For more information, request a copyof "Questions
and Answers on the National Flood Insurance Program'' from
FEMA (seeappendix B under Insurance).

Before buying or building a structure on a barrier beach, an
individual should ask certainbasicquestions:

1. Is thecommunity I'm locating in covered bythe emergency or
regular phaseof the National Flood InsuranceProgram?

2. Is mybuildingsitelocatedin the designatedareasof the Coastal
Barrier Resources Act, where no federal flood insurance for
newstructures willbe available after October 1,1983 (see table
5-0?

3. Is my building site above the ioo-year flood level? Is the site
located in a V-zone? V-zones are high-hazard areas and pose
serious problems.

4. What are the minimum elevation and structural requirements
for my building?

5. What are the limits of coverage?

Make sure your community is enforcing theordinance requir
ing minimum construction standards and elevations. After Hurri
cane Frederic (1979) a number of homeowners from Santa Rosa
County, whose houses were flooded, put inclaimsforfederal flood
insurance. It developed thatondirect order from thecounty com
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missioners theelevation requirements forinsurance were notbeing
enforced by the county. One woman who had paid $158 per year
for her insurance discovered she should have been paying over
$13,000 a year because her house was 5 feet below the ioo-year
flood level. Prior to construction, her house plans had been ap
proved by the county and no mention was made of the elevation
problem. Before payment ofher $17,000 claim, the National Flood
Insurance Program subtracted her correct $13,000premium. Later
all parties agreed on a lower, but still substantial figure for flood
insurance premiums. More than 20 people in the National Flood
Insurance Program in the local community were forced to con
tinue paying exorbitant insurance premiums for buildings built
below the required elevation because the banks that held their
mortgages insisted on it. All of this cost and confusion because
county officials said nothing about flood elevations when issuing
permits. The then-incumbent county commissioners fared very
poorly in the next election!

Most lending institutions and community planning, zoning,and
building departments will be aware of the flood insurance regu
lations and can provide assistance. It would be wise to confirm
such informationwith appropriateinsurance representatives. Any
authorized insurance agent can write and submit a National Flood
Insurance Program policy application. All insurance companies
charge the same rates for national flood insurance policies.

The National Flood Insurance Program states its goal as "to
. . . encourage state and local governments to make appropriate
land use adjustments and to constrict the development of land



162 Living with the East Florida shore

which is exposed to flood damage and minimize damage caused
by flood losses" and "to . . . guide the development of proposed
future construction, where practical, away from locations which
are threatened by flood hazard." To date, development in the flood-
hazard areas continues at a rapid rate.

Revision of minimum flood elevations in the V-zones of coastal
counties takes into account the additional hazard of storm waves

atop still-water flood levels. Existing FEMA regulationsstipulate
protection of "dunes and vegetation" in the V-zones, but imple
mentation of this requirement by the local communities has not
always been strong. The existing requirements of the NFIP do
not address other hazards of "migrating" shorelines, for example,
shoreline erosion or shifting of inlets. Thus, buildings may meet the
minimum FEMA elevation requirements but at the same time can
be located near highly exposed and eroding shorelines. In addition
to recognizing the flood hazard, the need exists to incorporate
location and structural codes that reflect migrating shorelines,
hurricane winds, waveuplift, horizontal pressures, and scouring to
minimize the loss of structures as well as the dollars that have

supported the insurance program. This is not to say that state and
local codes and ordinances have overlooked the latter.

In the past the National Hood Insurance Program has been
subsidized and has grown to becomea large federal liability. As of
August31,1981, more than 1.918 million flood insurancepolicies
valued at $97,972 billion had been sold nationwide. Coastal coun
ties had 1.165 million of these policies valued at $64,667 billion.
Florida had more policies and coverage than any other state—
531,091 policies valued at $30,563 billion along the coastal coun

tieswithbeaches(table 5.2).During 1978-79 theaverage premium
for federal flood insurance policies located in velocity zones was
$131 a year. Because of Hurricane Frederic, the average expense
and loss per policy was $422, making it a costly subsidy for the
nation's taxpayers. Such losses have encouraged the addition of
requirements on wave heights to flood elevations and a major re
vision of the insurance rating system. As a result, insurance rates
have been raised significantly.

Recognition of natural hazards and tax subsidyproblems pro
vided partoftherationale forCongress to passtheCoastal Barrier
Resources Act in 1982.There isan urgent national need to address
the problems of developed or developing barrier beaches that were
not covered in the act in order to minimize hazards to human lives
and loss of property in these areas. Incentive programs to en
courage sound land-use planning, limit density of development,
improve hurricane evacuation, and allow relocation of damaged
structures after hurricanes need to be developed before a disaster
hits the coast.

Tarpon Springs on the West Florida coast holds thedistinction
of having been the first community removed from the NFIP for
not abiding by its agreements. Fortunately, the removal was only
temporary and thecommunity was reinstated to theprogram after
improving its ordinance language and application forms, stiffen
ing variance procedures, and adding to the staffresponsible for
administering the program.

Clearly, FEMA is serious about enforcement. If a community
is removed from the program, the result is that property owners
cannot renew their flood insurance when it expires or buy new



policies. Several other communities in Florida are probably in
violation of flood insurance requirements and will face loss of
insurability if theydo not beginto enforce the program's require
ments. One of the most common violations that local officials have

. ignored is the enclosing of ground-level portions of cottagesand
using them as parts of residences.

There are 2 ways the property owner is likely to get caught if
* he or she is in violation of the construction requirements. First,

FEMA sendsout inspectorsperiodically to see if communitiesare
in compliance. Second, if youfile a claimafter stormflooding and
damage, your property will be inspected. If your structure was in
violation ofconstruction requirements, youwill be required to pay
additional back premiums that could equal and even exceed the
amount of the insurance claim. This has happened in Galveston
Island, Texas.

Two points areclear. First,theproperty ownercannot relysolely
on the developer, building inspector, or county commissioners to
enforce thecommunity ordinances required to qualify forand stay
in the NFIP. Second, given the likelihood that developers will
be long gone when the question of compliance arises, town and
countyofficials are likelyto be held responsible for the inaction in
local enforcement and become the defendants in legal actions;that
is, elected officials may lose more than the next election for not
doing their mandated jobs. In California a group of homeowners
who lost their housesin a landslide are suing localofficials, claim
ing they were not warned of the hazard. A homeowner who loses
hisflood insurance coverage because the developer or community
official was irresponsible is likely to take similar action.
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Hurricane evacuation

The Disaster Relief Act of 1974 authorized FEMA to establish
disaster preparedness plans in cooperation with local communities
and states. Hurricane evacuation is a critical problem on barrier
islands and coastal floodplains. Due to heavy concentrations of
population in areas of low topography, narrow roads, and vul
nerable bridges and causeways, plus limited hurricane warning
capability (possibly 12 hours or less), it would be impossible to
evacuate all of the people prior to hurricanes in many parts of
Florida.

Several coastal communities in Florida have formulated de
tailed hurricane evacuation plans. You should check for hurricane
evacuation plans with the county Civil Defense or Disaster Pre
paredness officerand findout if any potential evacuation problems
willexist during a hurricane. They can provide information on the
locationof hurricaneevacuation shelters. Thesesame agencies are
responsible for providing emergency and relocation assistance after
hurricanes. The Civil Defenseoffice alsocan provide information
on expected losses from hurricanes.

The Florida Coastal Management Program (FCMP)

The Federal Coastal Zone Management Act of 1972 (CZMA)
set in motion an effort by most coastal states to manage their
shorelines and thereby conserve a vital national resource. Key
requirements of the CZMA are coastal land-use planning based
on land classification and identification and protection of critical
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areas. The intentions are to ensure good land use and resource
development, conserve resources, and protect the quality of life
for citizens of the coastal zone.

While some states passed specific acts to set up state offices of
coastal zone management, Florida established a program based on
existing state laws. More than 20 statutes serve as the authorities
for the Florida Coastal Management Program under the Florida
Coastal Management Act of 1978 (Chapter 380, Florida Statutes),
which was approved by the federal office of Coastal Zone Man
agement (now the Officeof Ocean and Coastal Resource Manage
ment) on September 24,1981. The Department of Environmental
Regulation is the designated coastal zone management agency, but
it works closely with the Departments of Natural Resources and
Community Affairs in implementing the program. The Interagency
Management Committee (IMC), consisting of heads of state agen
cies involved in resource management, was established to solve
complex coastal problems through joint efforts between agencies.
In addition, the governor's Environment Land Management Study
Committee (ELMS) and a legislative Growth Management Com
mittee are reviewing Florida's environmental laws and may suggest
legislative or administrative changes that could affect the Florida
Coastal Management Program. For specific information, contact
the Office of Coastal Zone Management (see appendix B: Coastal
Zone Management).

Various aspects of the program are included under the following
state programs and acts.

Hazard mitigation

Under the authority of the federal Disaster Relief Act of 1974
(P.L. 93-288) and Florida's Disaster Preparedness Act (Chapter
252,Florida Statutes), as wellas other codes,the Bureauof Emer
gency Management is charged with responsibility for peacetime
emergency planning. The purpose of emergency management is
to improve public safety by protecting life and property in the
event of natural or man-caused hazards. In the coastal zone these

hazards include storms, hurricanes, flooding, overwash, shoreline
erosion, erosion by shifting streams or channels (avulsion), includ
ing inlet migration, dune migration, pollution hazards, and.so on
(that is, the same hazards on which this book focuses). Hazard
mitigation simplymeans reducing the likelihood of damage from
such hazards through actions taken before the hazardous process
occurs.

According to the state's Comprehensive Emergency Manage
ment Plan these are the long-termgoalsof the state'shazard miti
gation effort:

Protection of life and property through the reduction and
avoidance of unnecessary and uneconomical uses of hazard
ous areas.

Preservation and enhancement ofbeneficial uses ofhazard-

prone areas.

Protection of natural systems that serve a hazard moderat
ing or mitigation function.



Attention is focused in particular on predictable, recurring haz
ards, like those noted above, and on seeking nonstructural solu
tions to hazard mitigation.

The Division of Public Safety Planning and Assistance, De
partment of Community Affairs, actsasa coordinating agency for
developing policy, disseminating information on hazard mitiga
tion, and making recommendations to otherunits ofgovernment.
Theagency also is responsible for site-specific hazard mitigation
studies.

Community officials, planners, and individual property owners
in the coastal zone should make use of the services of the Bureau
of Emergency Management within the Division of Public Safety
andPlanning Assistance when evaluating site safety, seeking ways
to reduce hazard impact, or planning strategies to meet hazard
crises (for example, hurricane warning, evacuation, poststorm
recovery).

Florida's Save Our Coast Program

The Coastal Barrier Resources Act of 1982 did not provide
any funds for the acquisition of undeveloped barrier islands and
beaches for public recreation, habitat protection, orhazard mitiga
tion purposes. In 1981 Florida's governor and cabinet recognized
the serious problems associated with the development of barrier
islands and beaches such as loss of public access to beaches for
recreation, economic losses due to severe erosion and flood dam
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age, logistics for hurricane evacuation, disaster relief assistance
costs, and subsidies for infrastructures. As a result, they started
programs intended to protect and manage the barrier beaches.
Under the $200 million Save Our Coast Program for acquiring
undeveloped barrier island and beach properties, the state has a
systematicprocessfor the nominationand selection of parcelsfor
purchase. Many of these land parcels are the same as those listed
in table 5.1. This new program is in addition to the Conservation
and Recreational Land (CARL) Program under which Florida
acquires land for public use and recreation.

The governor of Florida signed an executive order to limit the
expenditures of state funds for the construction of public infra
structures such as water and sewer systems, roads, bridges, and
similarstructures in certain hazardous coastalareas. If you plan
to acquire or sell properties on a barrier island, it is advisable that
you contact the governor's Office of Planning and Budgeting to
determine if your property is located in one of the units where the
executive order is applicable, or whether the state is interested in
acquiring the land under the Save Our Coast Program or the
CARL program.

Development of regional impacts

In 1972 the Florida Legislature enacted the Florida Environ
mental Land and Water Management Act of 1972 (Chapter 380,
Florida Statutes) to address the problems of large-scale develop-



166 Living with the East Florida shore

ments in the state. Under this law"any development becauseof its
character, magnitude or location that would havesubstantialeffect
on the health, safety and welfare of citizens of more than one
county" is considered a Developmentof Regional Impact (DRI).
Types of projects include, but are not limited to, residential proj
ects, tourist attraction and recreational facilities, shopping centers,
office buildings, parks, industrial parks, airports, port facilities,
schools, and similar developments.

The procedures and rules pertaining to the determination and
review of DRIs are contained in Florida Administrative Code,
Rule 9B-16 and Rule 27F-1 Part II. Florida Administrative Code
27F-2 identifies those developmentsthat are specifically presumed
to be DRIs. The review and permit process is regulated by the
Bureau of Land and Water Management of the Florida Depart
ment of Community Affairs (DCA). There are 11 Regional Plan
ning Councils (RPCs) that actually conduct the DRI assessment
and review (see appendix B for addresses). We recommend that
youcontact primarily the Bureau of Land and Water Management
and also the appropriate regional planning council to determine
if your project is a Development of Regional Impact. Projects
located on barrier islands and beaches, around state aquatic pre
serves, or in environmentally designated areas are given closer
scrutiny by the DCA and the RPCs.

Water pollution control and water supply

The Florida Air and Water Pollution Control Act of 1967 and

subsequent amendments (Chapter 403, Florida Statutes) govern
the discharge and regulation of domestic, municipal, and indus
trial water pollution. The state law incorporates the requirements
of the Federal Water Pollution Control Act Amendments of 1972
and 1977. The Florida Departmentof Environmental Regulation
(DER) has enforcement poweroverall natural or artificial bodies
of water. The state has adopted a comprehensive set of water-
qualitystandards.All watersin the state have beenclassified into
1of the 7 classificationsfor the beneficial use of humans as wellas
propagation of fish, shellfish, and wildlife.

Water resources are being threatened with pollution, causing
economic losses to both local communities and the state. In Florida
one-third of all commercial shellfish harvesting areas have been
permanently closed due to pollution! Protection of waterquality
is vital for human as well as other uses. State laws provide addi
tional standards and protectionof water quality if the wastedis
posalaffects potable water supply (Class I), shellfish propagation
and harvestingwaters (ClassII), aquatic preserves, or "Outstand
ing Florida Waters." You need to contact the Department of En
vironmental Regulation to find out if your property borders on
environmentally sensitive waters.

If you plan to locate on a barrier island, check with the local
county or city planning and building departments to see if ade
quatepublic drinking watersupply and sewer hookups areavail
able. In case you plan to buildyour own sewage disposal facility
with a capacity of less than 2,000 gallons per day, your county
health department must be contacted for a permit. Minimum



standards for septic systems must be met. The first important stan
dard is that the depth to the seasonally high groundwater table
must be at least 3.0 feet below the bottom of the drainfield or
about 5.0 feet below the ground surface in the wet season. The
second important standard is that the drainfield must be set back
a minimum of 50 feet from any surface water body. These mini
mum standards are intended to protect the public health and water
quality. For any on-site sewagesystem or package treatment with
a capacity greater than 2,000 gallons per day, contact the Florida
DER for rules, regulations and guidelines.

The withdrawal or diversion of drinking water is governed by
the Florida Water Resources Act of 1972 (Chapter 373, Florida
Statutes). The responsibility for the enforcement of this law rests
with the Florida Department of Environmental Regulation, but
it is implemented through five water management districts (ap
pendix B). If you obtain your water supplyfrom a public facility
or plan to put in a small domestic well, you need no permit from
any water management district. However, if you plan to drain the
land, divert the water, or put in a large water supply system,con
tact the appropriate water management district for rules, regula
tions, and guidelines.

On-site individual sewage disposal facilities

In many instances, development on barrier islands requires in
dividual, on-site sewage disposal and treatment systems when a
public sewer system is not available. The installation of on-site
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septic systems in Florida is regulated by the Department of Health
and Rehabilitative Services (DHRS) pursuant to Section 381.272
of Florida Statutes. The local county health departments are re
sponsible for the direct regulation and permitting of these facilities
under Rule 10D-6 of Florida Administrative Codes. Rule 10D-6

has specific standards for the capacity of septic tanks, soil types,
depth to seasonally high water table, minimum distance from
drinking water wells or public water supply, and minimum dis
tance from surface water bodies.

If you plan to install an individual, on-site sewage facility with
an estimated daily flow of less than 2,000 gallons for any 1 estab
lishment or structure, you must contact and obtain a permit from
your county health department. Subdivisions of 50 or fewer lots,
each having a minimum of at least 0.5 acre and a minimum di
mension of 100 feet, may be developed with private wells and
individual sewage disposal systems, provided satisfactory ground
water can be obtained, and all distance, setback, soil condition,
water table elevations, and other requirements of Rule 10D-6 can
be met. Residential subdivisionsusing public water supply systems
may be developed with individual sewage disposal facilities for a
maximum of 4 lots per acre, provided all other conditions are met.

The installation of septic systems on the highly permeable sandy
soils of Florida barrier islands causes pollution of groundwaters as
well as surface and estuarine waters. High groundwater tables
during wet seasons make the septic systems a health hazard and
vulnerable to failures. It is imperative that proliferation of on-site
septic systems in highly permeable soils, close to the surface water
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bodies, and under seasonally high groundwater table conditions,
be discouraged to protect public health and water quality.

Dredging and filling

Saltwater and freshwater wetlands are considered extremely
valuable natural resources in Florida. Florida legislative goals and
policies reflect this concern under Chapter 253 and Chapter 403,
Florida Statutes. These policies state in part,

to prohibit the authorization of the dredging and filling of
submerged lands, if such authorization would result in the
destruction of resources or interfere with public uses to such
an extent as to be contrary to the public interest [and] to
prevent and abate pollution and to conserve the waters of the
state for the propagation of wildlife, fish and other aquatic
life, and for domestic, agricultural, industrial, recreational and
other beneficial uses.

To minimize permit problems, delays, and frustrations, we sug
gest that you do not buy properties located in wetlands of barrier
islands and coastal areas.

Barrier islands are characterized by the presence of freshwater
and saltwater wetlands. If your plan requires any dredging and / or
fillingof wetlands or navigable waters, you need to obtain permits
from the appropriatestate and federalagencies. The dredgingand /
or filling activity may be associated with the construction of a
homesite, access road, boat dock, or erosion control structure.

Unauthorized dredging and filling is prohibited and punishable
under state and federal laws.

Thedredging andfilling in Florida waters isgoverned byFlorida
Air and Water Pollution Control Act (Chapter 403, Florida Stat
utes), FloridaState Land Trust Fund (Chapter253, Florida Stat- .
utes)and Beach andShorePreservation Act(Chapter161, Florida
Statutes). State agencies regulating the activities are the Florida
DER and the Florida Department of Natural Resources (DNR). -
Federal laws regulating dredge and fill include the River and
Harbor Actof 1899, the CleanWaterActof 1977, and the Marine
Protection Research and Sanctuaries Act of 1972. The U.S. Army
Corps ofEngineers isthefederal regulatory agency, while theU.S.
Fish and Wildlife Service is another concerned agency. Florida
DER and DNR and the Army Corps of Engineers have a joint
dredge and fill application to facilitate the permit procedure.

Several local communities in Florida have additional regula
tions against alteration, cutting, pruning, removal, or destruction
of mangrove wetlands. In order to obtainthe necessary informa
tion on application procedures, regulations, and guidelines, con
tact local county or city planning and building departments, the
Florida Department of Environmental Regulation, or the U.S.
Army Corps ofEngineers (appendix B). These agencies will assist
you in identifying the type and scope of information needed to
process your application. There are2types ofpermit applications:
short form and regular form, depending upon the size and scope
of the project. It should be noted that permit review and approval
is moreclosely scrutinized ifa project is located adjacent to Class



I and Class II waters, state aquatic preserves, or "Outstanding
Florida Waters."

Local government comprehensive plans

In Florida the LocalGovernmentComprehensivePlanning Act
of 1975 (Chapter 163, Florida Statutes) mandates that all local
governmentsprepare, adopt, and implement a comprehensiveplan
that addresses present and future communitygrowthand develop
ment needs. The act requires that each unit of local government
(county, city, municipality, town, or village) establish a planning
processand prepare, adopt, and implement a comprehensive plan.
The law requires that the planning process be ongoing, based on
effective publicparticipation, and includeregularplan review, up
date, and appraisal. Every community's plan must contain the
following required elements: future land-use plan; traffic circu
lation; sanitary sewer, solid waste, drainage, and potable water
supply; conservation; coastal zone (along the coast); recreation
and open space; housing; utilities; and intergovernmental rela
tions. For communities in excess of 50,000,2 additional elements
are required: mass transit and port, aviation, and related facilities.
The law requires that local governments set forth principles and
standards to guide future development. Unfortunately, the lawit
self does not provide for any minimum standards or enforcement
procedures, particularly in regard to the coastal zone.

Almost all of the counties and municipalities in Florida have
adopted comprehensive plans. Many of these local plans are quite
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detailed with specific provisions for the use of beaches, dunes,
marshes, bays, barrier islands, and coastal wetlands.

If you plan to buy property or build in the coastal areas of bar
rier islands, wesuggestthat youcontactyour localplanning,zon
ing, and building departments. Their offices are generally located
in or near the county courthouse or the city hall. You need to
obtain the necessary zoning, subdivision, or buildingpermitsfrom
the local government. These agencies will assist you in determin
ing whichkindsof development activities are permittedand which
are not. The early contact with the local planning or building
departments will enable you to find out which, if any, state and
federal permits will be necessaryfor your project.

Coastal construction permits

The low-lying barrier beaches and coastlines of Florida render
coastal construction a matter ofparticular concern to the state and
to local communities. The Florida legislature addressed this con
cern byenacting the Beach and Shore Preservation Act (Chapter
161, Florida Statutes). The requirements and constraints of this
laware in addition to those dealingwith water-qualitycontroland
dredgingand filling lawsexplained earlier. In 1971 the legislature
established a goal that stated in part, "The Legislature finds and
declares that the beaches of the State, by their nature, are subject
to frequent and severe fluctuations and represent one of Florida's
most valuable natural resources and that it is in the public interest
to preserve and protect them from imprudent construction which
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can jeopardize the stability of beach-dune system "
The legislaturedirected the Florida Department of Natural Re

sources, Division ofBeaches and Shores, to establish Coastal Con
struction Setback Lines (CCSBLs) that were replaced by Coastal
Construction Control Lines (CCCLs) in 1978. The CCCLs are
established under Legislative mandate"so as to define that portion
of the beach-dune system which is subject to severe fluctuations
based on a ioo-year storm surge or other predictable weather con
ditions, and so as to define the area within which special structural
designconsideration is required to insure protection of beach-dune
system, any proposed structure and adjacent properties, rather
than to define a seaward limit for upland structure."

The intent of the law is to regulate coastal construction, to es
tablish coastal construction control lines along the sandy beaches,
seaward of which construction may not occur without an author
ized permit from the DNR, and to administer a beach erosion
control grants-in-aid program. The Florida DNR has established
a coastal construction control line for each coastal county with
sandy beaches fronting the Atlantic or Gulf after conducting a
comprehensive study of the areas' coastal resources and processes.
Coastal construction is undertaken pursuant to a CCCL permit.
The 2 separate permit programs are described in the next few
paragraphs.

Coastal Construction Permits (Chapter 161.041, Florida Stat
utes). The DNR coastal construction permits are required for any
construction or change of existing structures and construction or
physical activity undertakenfor shoreprotection or erosion control

purposes if that activity islocated below the mean high-water line
of any tidal water of the state.

Specifically included are such structures as dune walkovers,
groins,jetties, moles, breakwaters, seawalls, bulkheads, and revet
ments. Physical activities, such as artificial beach nourishment,
inletsediment bypassing, excavation or maintenance dredging on
inlet channels, and deposition or removal of beach material also
require a permit.

Coastal Construction Control Line Permit (Chapter 161.053,
Florida Statutes). If any structure is located seawardof the CCCL
(or CCSBL)on any sandyshoreline fronting the Gulfof Mexico
or the Atlantic Ocean, permitsare requiredfrom the DNR before
undertaking any alteration. Among the activities covered are ex
cavation and construction of any dwelling house, hotel, motel,
apartment,condominium, seawall, revetment, pool, patio,garage,
parking lot, minor structure, and dune restoration. Driving of
motorized vehicles or removal of sea oats on the beaches and
dunes seaward of the control line also is prohibited except in 3
Atlantic coastal counties. There are certain counties without sandy
beaches, and certain types of structuresthat are exempt from the
law. In order to determine if you need any DNR permit, contact
the Division of Beaches and Shores, Department of Natural Re
sources (appendix B).

In 2 cases (Lee and Pinellas counties) the DNR has delegated
authority to the coastal counties and municipalities to administer
the CCCL requirement. If youplanto buyor buildon theocean-
front it is advisable to check with the county or municipality if



your property is located seaward of the CCCL because these areas
are extremely hazardous, often unsuitable for permanent struc
tures, and create serious environmental and economic problems
for propertyownersas wellas taxpayers.

StateLand LeasePermit (Chapter 253, Florida Statutes). If your
projectinvolves useof sovereign (state-owned) submergedlandsin
Florida, you need to obtain appropriate permits from the Bureau

• of State Lands Managementof the Florida Department of Natu
ral Resources (appendix B) pursuant to Chapter 253.77 of the
Florida Statutes. Sovereignty lands include tidal lands, islands,
sand bars, and lands under navigable waters, whether fresh- or
saltwater, which Florida gained title to when it became a state.
Generally, permitsare moreclosely scrutinized if the projectis in
a state aquatic preserve, manatee sanctuary, or other environmen
tally designated sensitive areas. The rules and regulations for the
issuance of permits are contained in the Florida Administrative
Code Rule 160-21 (Sovereignty Submerged Lands Management
Rule), Rule 160-18 (Biscayne BayAquatic Preserves Rule), and
Rule 160-21 (Florida Aquatic Preserve Rules).

The most common activities included under this permit pro
gram are docks for private and commercial use, reclamation of
land lostbyerosion or avulsion, and dredging of navigation chan
nels. Certain noncommercial activities that are not located within
state aquatic preserves or specially designated manatee areas are
exemptfromany requirements to make applicationfor consentof
use. In general, if you suspect that your proposed construction
activity might involve use of state-owned lands, we recommend
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that you contact the Bureau of State Lands Management to deter
mine whether or not you need a permit from the bureau or other
state agencies.

Building codes

For residential dwellings other than mobile homes, Florida
requires all communities to adopt 1of 5 acceptable buildingcodes
(Chapter 553, Part VI, Florida Statutes), including the One and
Two Family Dwelling Code (after the CABO, Council of Ameri
can Building Officials), the Standard Building Code, the South
Florida Building Code, the National Building Code, and the
EPCOT Building Code. Of these the National Building Code is
used in Duval County, the South Florida Building Code is used in
Dade and Broward counties, and the Standard BuildingCode is
widely used in the remaining coastal counties.

As examples, the Standard Building Code (formerly the South
ern Standard Building Code; reference 81, appendix C) and the
South Florida Building Code were compiled by knowledgeable
engineers, architects, and code enforcement officials to regulate
the designand constructionof buildings and the quality of build
ing materials. These codes do have certain hurricane resistance
requirements, such as continuity, stability, and anchorage, all re
lated to calculated reference wind speed as modified by height
above ground and building shape factors to determine design load.

It is emphasized that the purpose of these codes is to provide
minimumstandards to safeguard lives,health, and property. Com-
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munities have the right to strengthen the adopted code in order to
improve it or to make it more stringent. By law, such improve
ments in a code cannot discriminate against materials, products,
or construction techniques of proven capabilities; and there must
be some unique physiographiccondition (for example, geographic
type or location, topographic features or absence thereof) that
warrants the more stringent requirements. All barrier islands and
beaches facing the open ocean and the threat of hurricanes should
meet the latter requirement. As a result, numerous communities
do have specifications that go beyond the Standard BuildingCode.
The Florida Department of Natural Resources has made recom
mendations for a Coastal Construction Building Code (reference
81, appendix C) to supplement existing codes. Check with your
local building inspector to determine the specific code for your
area.

Individuals can and should insist on designs and materials that
go beyond the minimum code requirements (see chapter 6 on
construction). Sanibel Island has adopted one of the better codes
in Florida with respect to coastal construction. You might con
tact Sanibel's building inspector's office for a copy of their code to
see examples of performance-oriented criteria and coastal issues
treated in greater depth. The State Divisionof Beachesand Shores
also provides coastalconstruction guidelines and may be consulted
for advice.

Persons concerned with planning and improvingexisting build
ing codes should contact the Department of CommunityAffairs

(appendix B).Their Bureauof EmergencyManagementoffers the
free publication"Hazard Mitigation through Building Codes."

Mobile home regulations

Mobile homes differ in construction and anchorage from "per
manent" structures. The design, shape, lightweight construction
materials, and other characteristics required for mobility, or for
staving within axle-weight limits, create a unique set of potential
problemsfor residentsof thesedwellings. Because of their thinner
walls, for example, mobile homes are more vulnerable to wind
and wind-borne projectiles.

Some coastal states have code requirements for mobile homes
that are specific for units locatingin hurricane-prone areas.Florida
does not, although mobile home construction must meet national
coderequirements. RegulationisthroughtheDepartmentof High
way Safety and Motor Vehicles.

Mobile home anchorage tiedowns are required throughout
Florida. Tiedowns make the structure more stable against wind
stress (for recommendations, see the sectionon mobilehomes in
chapter 6). Older metal tiedowns may be weakened through cor
rosion, or violations of anchorage or foundation regulations may
go undetected unlessthere are a sufficient numberof conscientious
inspectors to monitor trailers. One poorlyanchoredmobilehome
can wreak havoc with adjacent homes whose owners abided by
sound construction practice. Some mobile home park operators



or managers are alert to such problems and see that they are cor
rected; others simply collect the rent.

The spacing of mobile homes should be regulated bylocal or
dinance. Providing residents with openspace between homes, this
type of ordinance preserves some aesthetic value fora neighbor
hood. It also helps to maintain a healthier environment. For
example, if mobile home septic tanks are closely spaced, there is
the potential for groundwater or surface water pollution. Simi
larly, if mobile homes are built too closely to finger canals, canal
water may become polluted.

Prefabricated structure regulation

Modular unitconstruction isoneof the newapproaches to con
struction of multiple-dwelling structures in the coastal zone (see
thesection onmodular unit construction inchapter 6). These pre
fabricated units are assembled at the shore as multiplexes and
condominiums, commonly 2 to 4 stories in height. The Depart
ment of Community Affairs sets the building codestandards for
allprefabricated buildings, including modular unitdwellings. The
department follows standard requirements that include wind de
sign speeds of up to 130mph in some coastal areas.

All such structures must meet theinspection ofan independent,
third-party testing architect or engineer who signs the structure
offifit meets state requirements. TheDepartment ofCommunity
Affairs notonly approves the plans forsuch structures butassigns
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an insignia when theinspection isapproved. It is thelocal building
inspector's responsibility, however, to check for the state insignia
as well as makingsure that service hookupsfor the buildings meet
the local building code.

Historic and archeologic sites

It is the public policy of the state of Florida to protect and
preserve historic sites and properties, artifacts, treasure troves,fos
sildeposits, prehistoric Indianhabitations, andobjects ofantiquity
that have historical values or are of interest to the public. The
Florida Archives and History Act of 1966 provides the authority
to implement these laws through the Division of Archives, History
and Records Management in the Florida Department of State
(appendix B).

Barrier beaches and coastal areas of Florida have been sites of
historic exploration and early native Indian settlements. If you
find that there are objects, sites, or structures of some historic
archeologic or architectural value on your property, contact the
Bureau of Historic Sites for technical assistance to preserve and
protect them.

Endangered fish and wildlife species

Florida's environment is blessed with diverse ecosystems that
provide habitatsfor hundredsofcommon, endangered,and threat-
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developmentin coastal high-hazard zones. Such statutes have not
halted the addition of engineering structures that ultimately de
stroy natural protective beachdune systems.

Present and future citizensof coastal communities should not
assume that existing statutes and ordinances will guarantee their
safety, thatoftheirproperty, orprotect existing beaches anddunes.
Existing regulations address butdo not solve the problems ofliv
ing in the coastal zone.

Most regulations do not prohibit development in high-hazard
zones; theyonly set limits. The national Coastal Barrier Resources
Act may deny flood insurance and federal funds for development
ofcertain barrier islands, but it does not necessarily prohibit such
development. The National Flood Insurance Program establishes
a minimum standard for structural elevation in a flood zone to
qualify for flood insurance, but generally itdoes notprohibit locat
ing insuch a flood zone. Similarly, state and local building codes
set minimum standards.

Florida's Beach and Shore Preservation Act is an innovative
law, establishing the Coastal Construction Control Line (CCCL);
but this line isone ofthe state permitting jurisdiction, not prohibi
tion. Special structural design may be required for proposed struc
tures beyond the line to protect the structure from hazards and
to protect adjacent properties as well as the beach dune system.
Variances are given, and therein lies the problem. The delicate
balance ofproviding for beach and dune protection while assuring
the reasonable use of private property isdifficult to achieve. "Rea
sonable" may be viewed differently between the property owner
and thestate; but when construction does take place seaward of
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the control line the impact is likely to be that of the pre-CCCL
past, that is, ultimate loss of beach and dunes.

Most ofthe 250 miles ofbeaches inFlorida that areexperiencing
"criticalerosion" had structures placed too close to the water. As
a result, many coastal communities in the stateare seeking state
andfederally subsidized beach nourishment projects to protect the
threatened properties. These "protective" projects are extremely
costly to general taxpayers as well as to propertyowners, and are
only temporary in nature. An effective CCCL program should
limitthe growth of such problems in thefuture, given strict inter
pretation and enforcement.Keepin mind alsothat there are no set
back requirements forany structures located on nonsandy shore
lines of the tidal areas. As explained in chapter2, suchareas also
are experiencing significant erosion due to the sea-level rise and
drowning of the coastline.

Likewise, theLocal Government Comprehensive Planning Act
may require planning bylocal governments, but if this planning
takesplacewithout minimum standards orwithin a system void of
land-use planning and zoning that is sensitive to fragile coastal
environments and high-energy coastal processes, then it provides
no security for thecoastal citizen. Even the bestof plans is mean
ingless if there are no provisions and resources for enforcement.

In some respects the approach to coastal regulation is like that
of traffic control at a dangerous intersection. The general rules of
the road (not to develop ina hazardous zone) areignored bysome
drivers, creating unsafe conditions for all (loss of beaches and
dunes in front offormerly low-hazard zones). Accidents (property
losses) result. Automobile insurance (national flood insurance)
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spreads the cost to all drivers, recovers a portion of the loss to the
victims, but does not make a broken leg whole again or take away
paralysis. A group of concerned citizens requests a stoplight (pro
hibition of unsafe development), but another group believesthat a
stoplight will back up traffic, slow things down, hurt business (cool
the hot economic climate of coastal development). A compromise
is reached—the speed limit is reduced (first set of ordinances), but
accidents continue to occur (growing property/beach loss), so a
blinker light is installed (additional statutes and ordinances). The
rules of the road are still being violated (and nature is still gnawing
at the shore). Finally a fatal accident occurs; perhaps someone
whom all of the community knew and loved is killed (a hurricane
strikes, wiping out a community with loss of lives as well as prop
erty). Everyone cries, "There should have been a stoplight at that
intersection five years ago" (additional legislation is still needed).
Perhaps I or 2 years will go by while surveys are done; and per
haps another fatal accident or accidents will occur. Eventually
there will be a stoplight, but the dead will remain dead.

Although Florida has pioneered the enactment of far-reaching
coastal legislation, problems remain. The growth in both tourism
and coastal development will increase the likelihood of possible
conflict between public access rights and private littoral rights.
Florida does not have a mechanism for guaranteeing public beach
access, although below the high-water line is state land and in the
public domain. New laws or changes in existing regulations should
be expected. Similarly, building codes, setback lines, and other
minimum protective regulations are likely to be more strictly en

forced and stiffened as we experience loss of life, property, and
shoreline due to imprudent development. In 1983a barrier island
building code wasintroduced into the Florida legislature. Although
the bill was not passed, similar legislation may be forthcoming.
Coastal dwellers should expect future changes in laws and regula
tions, just as they should expect future changes in the beaches and
dunes.



6. Building or buying a house near the beach

In reading this book you may conclude that the authors seem to
be at cross-purposes. On the one hand, we point out that building
on the coast is risky. On the other hand, we provide you with a
guide to evaluate the risks, and in this chapter we describe how
best to buy or build a house near the beach.

This apparent contradiction is more rational than it might seem
at first. For those who willheed the warning, wedescribe the risks
ofowning shorefront property. But werealize that coastal develop
ment will continue as some individuals will always be willing to
gamble with their fortunes to be near the shore. For those who
elect to play this game of real estate roulette, we provide some
advice on improving the odds, on reducing (not eliminating) the
risks. We do not recommend, however, that you playthe game!

If you want to learn more about construction near the beach,
we recommend the book CoastalDesign: A Guidefor Builders,
Planners, and Home Owners (New York: Van Nostrand Rein
hold, 1983), which gives more detail on coastal construction and
may be used to supplement this volume. In addition, the Federal
Emergency Management Agency's Design and Construction
Manualfor Residential Buildings in Coastal High HazardAreas
is an informative manual for coastal construction that contains
much reference material. Also the FloridaDepartmentof Natural
Resources' Coastal Construction Building Code Guidelines when
combined with the South Florida or Standard (Southern Stan

dard) Building Code make outstanding guides for the construction
of residential and commercial structures. The DNR publication
also has a comprehensive bibliography.

Coastal realty versus coastal reality

Coastal property is not the same as inland property. Do not
approach it as if you were buying a lot in a developed part of the
mainland or a subdivided farm field in the coastal plain. The pre
vious chapters illustrate that the shores of Florida, especially the
barrier islands, are composed of variable environments and are
subjected to nature's most powerful and persistent forces. The
reality of the coast is its dynamic character. Property lines are an
artificial grid superimposed on this dynamism. If you choose to
place yourself or others in this zone, prudence is in order.

A quick glance at the architecture of the structures on the
Florida coast provides convincing evidence that the reality of
coastal processes was rarely considered in their construction. Not
too many years back, old-timers wisely lived behind the protection
of sand dunes; only recently have city-bred, over-civilized people
built in front of dunes to better see the storm come in. Except for
meeting minimal building code requirements, no further thought
seems to have been given to the safety of many of these buildings.
The failure to followa few basic architectural guidelines that rec-
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ognize this reality will have disastrous results in the next major
storm.

Life's important decisions are based on an evaluation of the
facts. Few of us buy goods, choose a career, take legal, financial,
or medical actions without first evaluating the facts and seeking
advice. In the case of coastal property,two general areas should be
considered: sitesafetyand the integrityof the structure relative to
the forces to which it will be subjected.

A guide to evaluating the site(s) of your interest on the East
Florida openocean shoreline ispresented in chapter4,along with
hazard evaluation maps.

The structure: concept of balanced risk

A certain chance of failure for any structure exists within the
constraintsof economy and environment. The objective of build
ingdesign is to create a structure thatisbotheconomically feasible
and functionally reliable. A house must be affordableand have a
reasonable life expectancy free of being damaged, destroyed, or
wearing out. In order to obtain sucha house, a balancemust be
achieved among financial, structural, environmental, and other
special conditions. Mostof these conditions are heightened onthe
coast—property values are higher, there is a greater desire for
aesthetics, the environment is more sensitive, the likelihood of
storms is greater, and there are more hazards with which to deal.

The individual who builds or buys a home in an exposed area
should fully comprehend the risks involved and the chance of

harmto home or family. Therisks should thenbeweighed against
the benefits to be derived from the residence. Similarly, the devel
oper who is putting up a motel should weigh the possibility of
destruction and death during a hurricane versus the money and
other advantages to be gained from such a building. Then and
only thenshould construction proceed. Forboth thehomeowner
and the developer, proper construction and location reduce the
risks involved.

The concept of balanced risk should take into account the
following fundamental considerations:
1. A coastal structure, exposed to high winds, waves, or flooding,

should be stronger than a structure built inland.
2. Abuilding with high occupancy, such asanapartment building,

should be safer than a building with low occupancy, such as a
single-family dwelling.

3. A building that houses elderly or sick people should be safer
than a buildinghousing able-bodied people.

4. Because construction must be economically feasible, ultimate
and total safety is not obtainable for most homeowners on the
coast.

5. Abuilding with a planned long life, such as a year-round resi
dence, should bestronger thana building with a planned short
life, such as a mobile home.

Structures can be designedand built to resistall but the largest
storms and still be within reasonable economic limits.

Structural engineering is the designing and constructing of



buildings to withstand the forces of nature. It is based on a knowl
edge of the forces to which the structures will be subjected and an
understanding of the strength of building materials. The effective
ness of structural engineering design was reflected in the aftermath
of Typhoon Tracy that struck Darwin, Australia, in 1974:70 per
cent of housing that was not based on structural engineering prin
ciples was destroyed and 20 percent was seriously damaged; only
10 percent of the housing weathered the storm. In contrast, more
than 70 percent of the structurally engineered large commercial,
government, and industrial buildings came through with little or
no damage, and less than 5 percent of such structures were de
stroyed. Because housing accounts for more than halfofthe capital
cost of the buildings in Queensland, the state government estab
lished a building code that requires standardized structural engi
neering for houses in hurricane-prone areas. This improvement
has been achieved with little increase in construction and design
costs.

Coastal forces: design requirements

Hurricanes, with their associated high winds and storm surge
topped by large waves are the most destructive of the forces to be
reckoned with on the coast. Figure 6.1 illustrates the effects of
hurricane forces on houses and other structures.

Hurricane winds

Estimates of wind velocity to be used in designing structures
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along the Florida coast vary somewhat with the building codes.
The South Florida Building Code specifies a wind velocity of 120
mph at a height of 30 feet above the ground. The Standard Build
ing Code uses a map to indicate the maximum wind velocity for a
given location. It shows winds from 110 to 130 mph along the
Florida coast. (The city of Sanibel specifies 130 mph in its code.)
Florida's Coastal Construction Building Code Guidelines states
that "for habitable structures within the coastal construction build

ing zone, the design wind velocity for load computations shall be a
minimum of 140 m.p.h at a height of 30 feet above the ground."

The velocity of the wind can be evaluated in terms of the pres
sure exerted. The pressure varies with the square of the velocity,
the height above the ground, and the shape of the object against
which it is blowing. A 140-mph wind will exert a pressure about
twice that of a 100-mph wind (as [140/ ioo]2 = 1.96). The above-
mentioned Guidelines offers a table that we quote in part.

Height above ground
(in feet)
otos

25 to 35
100 to 150

over 1000

Minimum velocity pressure
(in pounds per square foot)

30

50

75

135

The above pressures must be multiplied by shape factors to be
obtained from either the South Florida Building Code or the Stan
dard Building Code, whichever applies to your locality.

As an example, the Standard Building Code givesa shape factor
of 1.4 for a flat vertical surface, such as a sign. This means that a
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140-mph wind at 30 feet would exert a pressure of 1.4 X 50 = 70
psf against the flat surface instead of the basic 50 psf listed in the
table. The effective pressure on a curved surface such as a sphere
or a cylinder is less than on a flat surface.

Wind velocity increases with height above ground, so a tall
structure is subject to greater velocity and thereby greater pressure
than a low structure.

A house or building designed for inland areas is built primarily
to resist vertical loads. It is assumed that the foundation and fram

ing must support the load of the walls, floor, roof, and furniture
with relatively insignificant wind forces.

A well-built house in a hurricane-prone area, however, must be
constructed to withstand a variety of strong wind forces that may
come from any direction. Although many people think that wind
damage is caused by uniform horizontal pressures (lateral loads),
most damage, in fact, is caused by uplift (vertical), suctional
(pressure-outward from the house), and twisting (torsional) forces.
High horizontal pressure on the windward side is accompanied by
suction on the leeward side. The roof is subject to downward pres
sure and, more importantly, to uplift. Often a roof is sucked up by
the uplift drag of the wind. Usually the failure of houses is in the
devices that tie the parts of the structure together. All structural
members (beams, rafters, columns) should be fastened together
on the assumption that about 25 percent of the vertical load on
the member may be a force coming from any direction (sideways
or upward). Such structural integrity is also important if it is likely
that the structure may be moved to avoid destruction by shoreline
retreat.
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Storm surge

Storm surge is a rise in sea level above the normal water level
during a storm. During hurricanes the coastal zone is inundated
by storm surge and accompanying storm waves, and these cause
most property damage and loss of life.

Often the pressure of the wind backs water into streams or
estuaries already swollen from the exceptional rainfall brought on
by the hurricane. Water is piled into the bays between islands and
the mainland by the offshore storm. In some cases the direction of
flooding may be from the bay side of the island. This flooding is
particularly dangerous when the wind pressure keeps the tide from
running out of inlets, so that the next normal high tide pushes the
accumulated waters back and higher still.

Flooding can cause an unanchored house to float off its founda
tion and come to rest against another house, severely damaging
both. Disaster preparedness officials have pointed out that it is a
sad fact that even many condominiums built on pilings are not
anchored or tied to those pilings, just set on top. Even if the house
itself is left structurally intact, flooding may destroy its contents.
People who have cleaned the mud and contents of a house sub
jected to flooding retain vivid memories of its effects.

Proper coastal development takes into account the expected
leveland frequency of storm surge for the area. In general, build
ing standards require that the first habitable floorof the dwelling
be above the ioo-year flood levelplus an allowancefor waveheight.
At this level a building has a 1percent probability ofbeing flooded
in any given year.
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Hurricane waves

Hurricane waves can cause severe damage not only in forcing
water onshore to flood buildings but also in throwing boats, barges,
piers, houses, and other floating debris inland against standing
structures. The force of a wave may be understood when one con
siders that a cubic yard of water weighsover three-fourths of a ton:
hence, a breaking wave moving shoreward at a speed of several
tens of miles per hour can be one of the most destructive elements
of a hurricane. Waves also can destroy coastal structures by scour
ing away the underlying sand, causing them to collapse. It is pos
sible to design buildings to survive crashing storm surf as many
lighthouses, for example, have survived this. But in the balanced-
risk equation, it usually is not economically feasible to build or
dinary cottages to resist the more powerful of such forces. On the
other hand, cottages can be made considerably more storm-worthy
by following the suggestions in the rest of this chapter.

Barometric pressure change

Changes in barometric pressure also may be a minor contributor
to structural failure. If a house is sealed at a normal barometric

pressure of 30 inches of mercury, and the external pressure sud
denly drops to 26.61 inches of mercury (as it did in Hurricane
Camille in Mississippi in 1969), the pressure exerted within the
house would be 245 pounds per square foot. An ordinary house
would explode if it were leakproof. In tornadoes, where there is a
severe pressure differential, many houses do burst. In hurricanes
the problem is much less severe. Fortunately, most houses leak,

but they must leak fast enough to prevent damage. Giventhe more
destructive forces of hurricane wind and waves, pressure differen
tial may be of minor concern. Venting the underside of the roofat
the eaves is a common means of equalizing internal and external
pressure.

Figure 6.2 illustrates some of the actions that a homeowner can
take to deal with the forces just described.

House selection

Some typesof housesare better than othersat the shore,and an
awareness of the differences willhelp you make a better selection,
whether you are building a new house or buying an existing one.

Worst of all are unreinforced masonry houses, whether they are
brick, concrete block, hollow clay-tile, or brick veneer, because
they cannot withstand the lateralforces of windand wave and the
settling of the foundation. Adequate and extraordinary reinforc
ing in coastal regions will alleviate the inherent weakness of unit
masonry, if done properly. Reinforced concrete and steel frames
are excellent but are rarely usedin the construction of small,resi
dential structures.

It is hard to beat a wood-frame house that is properly braced
and anchored and has well-connected members. The well-built
wood house will often hold together as a unit, even if moved off
its foundations, when other types disintegrate. Although all of the
structural types noted above are found in the coastal zone, newer
structures tend to be of the elevated wood-frame type.
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Problem:

Higher pressure inside than out.
Problem:

Overturning and lateral movement
Problem:

Loss of parts of house.

Wind or

if U
Cure:

Open windows on lee side of the
house. Put vents in the attic to
equalize the pressure.

Cure:

Anchor house to foundation with
tension connection.

Cure:

Install adequate connections and
properly sized materials.

Problem:
Racking (lateral collapse).

Wind or

Cure:

Install bracing, such as diagonals
and plywood sheets well nailed to
studs and floor plates; in masonry
houses, install reinforcing.

Problem:

Penetration by flying debris.

Flying
debris?A^VWind or

LT U
Cure:

Construct walls and roof solidly.
Make windows extra strong; use
smaller panes.

Fig. 6.2. Modes of failure and how to deal with them. Modified from U.S. Civil Defense Preparedness
Agency Publication TR-83.
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Keeping dry: pole or "stilt" houses

In coastal regions subject to flooding by waves or storm surge,
the best and most common method of minimizing damage is to
raise the lowest floor of a residence above the expected level. Also,
the first habitable floor of a home must be above the ioo-year
storm-surge level(plus calculated waveheight) to qualify for fed
eral flood insurance. As a result, most modern flood-zone struc
tures should be constructed on piling, well anchored in the sub
soil. Elevating the structure by building a mound is not suited to
the coastal zone because mounded soil is easily eroded.

Current building design criteria for pole-house construction un
der the flood insurance program are outlined in the book Elevated
Residential Structures. Regardless of insurance, pole-type con
struction with deep embedment of the poles is best in areas where
waves and storm surge will erode foundation material. Materials
used in pole construction include the following:

Piles. These are long, slender columns of wood, steel, or con
crete driven into the earth to a sufficient depth to support the
vertical load of the house and to withstand horizontal forces of
flowing water, wind, and water-borne debris. Pile construction is
especially suitable in areas where scouring (soil "washing out"
from under the foundation of a house) is a problem.

Posts. Usually posts are made of wood; if of steel, they are
called columns. Unlike piles, they are not driven into the ground,
but rather are placed in a pre-dug hole at the bottom of which
may be a concrete pad (fig. 6.3). Posts may be held in place by
backfilling and tamping earth, or by pouring concrete into the
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Wood post anchored to a
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Fig. 6.3. Shallow and deep supports for poles and posts. Source:
Southern Pine Association.



hole after the post is in place. Posts are more readily aligned than
driven piles and are, therefore, better to use if poles must extend
to the roof. In general, treated wood is the cheapest and most
common material for both posts and piles.

Piers. These are vertical supports, thicker than piles or posts,
usually made of reinforced concrete or reinforced masonry (con
crete blocks or bricks). They are set on footings and extend to the
underside of the floor frame.

Pole construction can be ol two types. The poles can be cut off
at the first-floor level to support the platform that serves as the
dwelling floor. In this case, piles, posts, or piers can be used. Or
they can be extended to the roof and rigidly tied into both the floor
and the roof. In this way they become major framing members for
the structure and provide better anchorage to the house as a whole
(figs. 6.4 and 6.5). A combination of full- and floor-height poles is
used in some cases, with the shorter poles restricted to supporting
the floor inside the house (fig. 6.6).

Where the foundation material can be eroded by waves or winds,
the poles should be deeply embedded and solidly anchored either
by driving piles or by drilling deep holes for posts and putting in a
concrete pad at the bottom of each hole. Where the embedment is
shallow, a concrete collar around the poles improves anchorage
(fig. 6.3). The choice depends on the soil conditions. Piles are more
difficult than posts to align to match the house frame, as posts can
be positioned in the holes before backfilling. Inadequate piling
depths, improper piling-to-floor connections, and inadequate pile
bracing all contribute to structural failure when storm waves
liquify and erode sand support. Just as important as driving the
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Fig. 6.4. Pole house, with poles extending to the roof. Extending poles to
the roof, as shown in this photograph, instead of the usual method of
cutting them off at the first floor, greatly strengthens a beach cottage.
Photo by Orrin Pilkey, Jr.
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Outside pole

Fig.6.6. Tying floors to poles. Source: Southern Pine Association.
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pilingdeep enough to resist scouring and to support the loads they
must carry is the need to fasten them securely to the structure they
support above them. Unfortunately, many buildings on Florida's
beaches according to local disaster officials are not so anchored.
The connections must resist both horizontal loads from wind and

wave during a storm and uplift from the same source.
When post holes are dug, rather than pilings driven, the posts

should extend 4 to 8 feet into the ground to provide anchorage.
The lower end of the post should rest on a concrete pad, spread
ing the load to the soil over a greater area to prevent settlement.
Where the soil is sandy or is the type that the embedment can be
less than, say, 6 feet, it is best to tie the post down to the footing
with straps or other anchoring devices to prevent uplift. Driven
piles should have a minimum penetration of 8 feet. However, most
soils require greater embedment, as may code requirements for a
specific situation. If the site is near the water, greater embedment
is needed.

The floorand the roof should be securelyconnected to the poles
with bolts or other fasteners. When the floor rests on poles that do
not extend to the roof, attachment is even more critical. A system
of metal straps is often used. Unfortunately, it sometimes happens
that builders inadequately attach the girders, beams, and joists to
the supporting poles by too few and undersized bolts. Hurricanes
have proven this to be insufficient. During the next hurricane on
the East Florida coast, many houses and condominiums will be
destroyed because of inadequate attachment.

Local building codes may specify the size, quality, and spacing
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of the piles, ties, and bracing, as well as the methods of fastening
the structure to them. Building codes often are minimal require
ments, however, and building inspectors are usually amenable to
allowing designs that are equally or more effective.

The space under an elevatedhouse, whetherpole-type or other
wise, must be kept free of obstructions in order to minimize the
impactof waves and floating debris. If the space is enclosed, the
enclosing walls should be designed so that they can break awayor
fall under flood loads, but also remain attached to the house or be
heavy enough to sink. Thus, the walls cannot float away and add
to the water-borne debris problem. Alternative ways of avoiding
this problemare designing walls that can be swung up out of the
path of the floodwaters, or building them with louvers that allow
the water to pass through. The louvered wallis subject to damage
from floating debris. The convenience of closing in the ground
floorfor a garage, storage area, or recreation room may be costly
because it may violate insurance requirements and actually con
tribute to the loss of the house in a hurricane. The design of the
enclosing breakaway walls should be checked against insurance
requirements. SeeElevated Residential Structures bythe Federal
Insurance Administration, Department of Housing and Urban
Development, 451 SeventhStreet, S.W., Washington, DC 20410,
for more information.

An existing house: what to look for, what to improve

If instead of building a new house, you are selecting a house

already built in an area subject to flooding and high winds, con
siderthe following factors: (1) wherethe house is located; (2) how
well the house is built; and (3) how the house can be improved.

Geographic location

Evaluate the site of an existinghouseusing the sameprinciples
given earlier for the evaluation of a possible site to build a new
house. Houseelevation,frequencyof high water,escaperoute,and
how well the lot drains should be emphasized.

You can modify the house after you have purchased it, but you
cannotprevent hurricanes or otherstorms. Thefirst stepisto stop
and consider; do the pleasureand benefitsof this locationbalance
the riskand disadvantage? If not, lookelsewhere fora home;if so,
then evaluate the house itself.

How well built Is the house?

In general,the principles usedto evaluatean existing houseare
the same as those used in building a new one. It should be remem
bered that manyof thehouses were builtpriorto theenactment of
Flood Disaster Protection Insurance and may not meet the stan
dards required of structures or improvements builtsince then.

Before you thoroughly inspect the building in which you are
interested, look closely at the adjacent structures. If poorlybuilt,
they may float over against yourbuilding and damage it in a flood.
You mayevenwant to consider thetypeof people you will have as
neighbors: will they"clearthe decks" in preparation fora stormor
will they leave items in the yardto become wind-borne missiles?
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Nail to header joltt.

Metal

plate

Header

joist

Fig. 6.8. Stud-to floor, plate-to-floor framing methods. Source: Houses
Can Resist Hurricanes, U.S. Forest Service Research Paper FPL 33.

Rafter

Plate

8d nails'

Rafter

10d nails

Toenail

Rafter

Strap
anchor

8d nails

6d common or
I-3/4" roofing

nails

Plate

2&W"'-

Toenail rafter to plate
(opposite side).

Wall plate

Fig. 6.9. Roof-to-wall connectors. The top drawings show metal strap
connectors. Left, rafterto stud; right, joistto stud. The bottomleftdrawing
shows a double-member metal plateconnector—in this case withthe joist
to the right ofthe rafter. Thebottom right drawing showsasingle-member
metal plateconnector. Source: Houses Can Resist Hurricanes, U.S. Forest
Service Research Paper FPL 33.



is wise to consult the builder or knowledgeable neighbors when
possible.

The roofshould be well anchored tothewalls. This willprevent
uplifting and separation from the walls. Visit the attic to see if
suchanchoring exists. Simple toe-nailing (nailingat an angle) is
not adequate; metal fasteners are needed. Depending on the type
of construction and the amount of insulation laid on the floor of
the attic, these may or may not be easy to see. If roof trusses or
braced rafters were used, it should be easy to see whether the
various members, such asthe diagonals, are well fastened together.
Again, simple toe-nailing will not suffice. Some builders, unfor
tunately, nailpartsofa rooftrussjustenough to holdit together to
getit in place. Acollar beam or gusset at thepeak of theroof(fig.
6.10) provides someassurance of goodconstruction. The Standard
Building Code states that wood truss rafters shall be securely
fastened to the exterior walls withapproved hurricane anchors or
clips.

Qualityroofing materialshouldbe wellanchored tothesheathing.
A poor roofcovering willbe destroyed by hurricane-force winds,
allowing rain to enter the house and damage ceilings, walls, and
thecontents of thehouse. Galvanized nails (2 pershingle) should
be used to connect wood shingles and shakes to wood sheathing
and should be long enough to penetrate through the sheathing
(fig. 6.10). Threaded nails should be used for plywood sheathing.
Sheathing isthecovering (usually woodboards, plywood, or wall-
boards) placed over rafters, or exterior studding of a building, to
provide a base for the application of roof or wall cladding. For
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roof slopes that rise 1 foot for every 3 feet or more of horizontal
distance, exposure of the shingle should be about one-fourth of its
length (4inches fora 16-inch shingle). Ifshakes (thicker and longer
than shingles) are used, less than one-third of their length should
be exposed.

In hurricane areas, asphalt shingles should be exposed some
what less than usual. A masticor seal-tab type,or an interlocking
shingle of heavy grade, should be used alongwitha roofunderlay
of asphalt-saturated felt and galvanized roofing nails or approved
staples (6 for each 3-tab strip).

The fundamental rule to remember in framing is that all struc
tural elements should be fastened together and anchored to the
ground in such a manner as to resistall forces, regardlessof which
direction theseforces maycomefrom. This prevents overturning,
floating off, racking, or disintegration.

The shapeof the houseis important. A hip roof,which slopes in
4 directions, is better able to resist high winds than a gable roof,
which slopes in 2 directions. This was found to be true in Hurri
cane Camillein 1969 in Mississippi and, later, in TyphoonTracy,
which devastated Darwin,Australia, in December 1974. The rea
son is two-fold: the hip roof offers a smallershapefor the wind to
blow against, and its structure is such that it is better braced in all
directions.

Notealso the horizontalcrosssection of the house (the shape of
the houseas viewed from above).The pressureexerted by a wind
on a round or elliptical shape is about 60 percent of that exerted
on the common square or rectangular shape; the pressure exerted



192 Living with the East Florida shore
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Reinforced masonry walls Plywood diaphragms Diagonal metal strap
(in tension)

Diagonal wood bracing
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Metal plate
connectors secure

roof joists to wall

Metal plate connector
secures wall to plate

Reinforce exterior watts by bracing perpendicular interior walls
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,j »• I i •• ..t:

Masonry System
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Rg. 6.10. Where to strengthen a house. Modified from U.S. Civil Defense Preparedness AgencyPub
lication TR-83.



on a hexagonal or octagonal cross section is about 80 percent of
that exerted on a square or rectangular cross section (fig. 6.11).

The design of a house or building in a coastal area should mini
mizestructuraldiscontinuities and irregularities. It shouldbe plain
and simple and have a minimum of nooks and crannies and offsets
on the exterior, because damage to a structure tends to concentrate
at thesepoints. Someof the newer beach cottagesalong the Florida
shore are ofa highly angular design with such nooks and crannies.
Award-winning architecture will be a storm loser if the design has
not incorporated the technology for maximizing structural integ
rity with respect to storm forces. When irregularities are absent,
the house reacts to storm winds as a complete unit (fig. 6.11).

Brick, concrete-block, and masonry-wall houses should be ade
quately reinforced. This reinforcement is hidden from view. Build
ing codes applicable to high-wind areas often specify the type of
mortar, reinforcing, and anchoring to be used in construction. If
you can get assurance that the house was built in compliance with
a building code designed for such an area, consider buying it. At
all costs, avoid unreinforced masonry houses.

A poured-concrete bond beam at the top of the wall just under
the roof is one indication that the house is well built (fig. 6.11).
Most bond beams are formed by putting in reinforcing and pour
ing concrete in U-shaped concrete blocks. From the outside, how
ever, you cannot distinguish these U-shaped blocks from ordinary
ones and therefore cannot be certain that a bond beam exists. The

vertical reinforcing should penetrate the bond beam.
Some architects and builders use a stacked bond (1 block
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directly above another) rather than overlapped or staggered blocks
because they believe it looks better. The stacked bond is definitely
weaker than the latter. Unless you have proof that the walls are
adequately reinforced to overcome this lack of strength, you should
avoid this type of construction.

In past hurricanes the brick veneer ofmany houses has separated
from the wood frame, even when the houses remained standing.
Asbestos-type outer wall panels used on many houses in Darwin,
Australia, were found to be brittle and broke up under the impact
of wind-borne debris in Typhoon Tracy. Both types of construc
tion should be avoided along the coast.

Ocean-facing glazing. Windows, glass doors, and glass panels
should be minimal. Although large open glass areas facing the
ocean provide an excellent sea view, such glazing may present sev
eral problems. The obvious hazard is disintegrating and inward-
blowing glass during a storm. Glass projectiles are lethal. Less
frequently recognized problems include the fact that glass may
not provide as much structural strength as wood, metal, or other
building materials; and ocean-facing glass is commonly damaged
through sediment sand blasting, transported by normal coastal
winds. The solution to this latter problem may be in reducing the
amount of glass in the original design, or installing storm shutters
which come in a variety of materials from steel to wood.

Consult a good architect or structural engineer for advice if you
are in doubt about any aspects ofa house. A few dollars spent for
wise counsel may save you from later financial grief.

To summarize, a beach house should have: (1) roof tied to walls,
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A. Pick a good
building site.

Dune

B. Forces may come from
any direction. C House should be well

anchored to the ground.

• F. Avoid in
E. Hip roof is better than gable.

H. PLAN YOUR ESCAPE

ROUTE

0>
F. Avoid irregular shapes.

Fig. 6.11. Some rules in selecting or designing a house.

D. Structure should have

continuity.

G. Wind has less effect on
curved surfaces than on flat.



Poured-in-placc
concrete

Concrete Block Wall

-8"—-H

Poured Concrete Tie Beam

Fig. 6.12. Reinforced tie beam (bond beam) for concrete block walls—to
be used at each floor level and at roof level around the perimeter of the
exterior walls.
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walls tied to foundation, and foundation anchored to the earth (the
connections are potentially the weakest link in the structural sys
tem); (2) a shape that resists storm forces; (3) floors high enough
(sufficient elevation) to be above most storm waters (usually the
ioo-year flood level plus 3 to 8 feet); (4) piles or posts that are of
sufficient depth or embedded in concrete to anchor the structure
and to withstand erosion; and (5) piling that is well braced.

What can be done to Improve an existing house?

If you presently own a house or are contemplating buying one
in a hurricane-prone area, you will want to know how to improve
occupant protection in the house. If so, you should obtain the
excellent publication, TR83 Wind Resistant Design Conceptsfor
Residences, by Delbart B. Ward, reference 69 (appendix C). Of
particular interest are the sections on building a refuge shelter
module within a residence. Also noteworthy are 2 supplements to
this publication, TR83A and TR83B, which deal with buildings
larger than single-family residences in urban areas. These provide
a means of checking whether the responsible authorities are doing
their jobs to protect schools, office buildings, and apartments.
Several other pertinent references are listed in the bibliography
(appendix C).

Suppose your house is resting on blocks but not fastened to
them and, thus, is not adequately anchored to the ground. Can
anything be done? One solution is to treat the house like a mobile
home by screwing ground anchors into the ground to a depth of 4
feet or more and fastening them to the underside of the floor sys-
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terns. See figures 6.13 and 6.14 for illustrations of how ground
anchors can be used.

Calculations to determine the needed number ofground anchors
will differ between a house and a mobile home, because each is
affected differently by the forces of wind and water. Note that re
cent practice is to put these commercial steel-rod anchors in at an
angle in order to better align them with the direction of the pull. If
a vertical anchor is used, the top 18 inches or so should be encased
in a concrete cylinder about 12 inches in diameter. This prevents
the top of the anchor rod from bending or slicing through the wet
soil from the horizontal component of the pull.

Diagonal struts, either timber or pipe, also may be used to
anchor a house that rests on blocks. This is done by fastening the
upper ends of the struts to the floor system, and the lower ends to
individual concrete footings substantially below the surface of the
ground. These struts must be able to take both uplift (tension)
and compression and should be tied into the concrete footing with
anchoring devices such as straps or spikes.

If the house has a porch with exposed columns or posts, it should
be possible to install tiedown anchors on their tops and bottoms.
Steel straps should suffice in most cases.

When accessible, roof rafters and trusses should be anchored to
the wall system. Usually the roof trusses or braced rafters are
sufficiently exposed to make it possible to strengthen joints (where
2 or more members meet) with collar beams or gussets, particu
larly at the peak of the roof (fig. 6.10).

A competent carpenter, architect, or structural engineer can

review the house with you and help you decide what modifications
are most practical and effective. Do not be misled by someone
who is resistant to new ideas. One builder told a homeowner, "You
don't want all those newfangled straps and anchoring devices. If
youuse them, the whole house will blow away, but ifyou build in
the usual manner [with members lightly connected], you may lose
only part of it."

In fact, the very purpose of the straps is to prevent any or all of
the house from blowing away. The Standard Building Code says,
"Lateral support securely anchored to all walls provides the best
and only sound structural stability against horizontal thrusts, such
as winds of exceptional velocity." And the cost of connecting all
elements securely adds very little to the cost of the frame of the
dwelling, usually under 10 percent, and a very much smaller per
centage of the total cost of the house.

If the house has an overhanging eave and there are no openings
on its underside, it may be feasible to cut openings and screen
them. These opemngs keep the attic cooler (a plus in the summer)
and help to equalize the pressure inside and outside the house
during a storm with a low-pressure center.

Another way a house can be improved is to modify 1 room so
that it can be used as an emergency refuge in case you are trapped
in a major storm. (This is not an alternative to evacuation prior to
a hurricane.) Examine the house and select the best room to stay
in during a storm. A small, windowless room such as a bathroom,
utility room, den, or storage space is usually stronger than a room
with windows. A sturdy inner room, with more than one wall
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CABLE - Minimum diameter galvanized
steel cable 7/32"

Minimum diameter galvanized
aircraft 1/4" and (7 xl9)

e at least two cable clamps,
with nuts placed on live

side of cable.

.«- Closed eye

If commercial adapter is not
available, use wood blocks to
distribute pressure of cable.

X?

Drop-forged tumbuckle
sized to equal breaking

strength of rope 'Turnbuckles with hook ends
should not be used

(they can bend open under
high wind loadings).

Commercial adapters or
mounting brackets to prevent
cable or strap tiedowns from

cutting into mobile home

Fig.6.14. Hardware for mobile home tiedowns. Modified from U.S. Civil
Defense Preparedness Agency Publication TR-75.

between it and the outside, is safest. The fewer doors, the better;
an adjoining wall or baffle wall shielding the door adds to the
protection.

Consider bracing or strengthening the interior walls. Such rein
forcement may require removing the surface covering and install
ing plywood sheathing or strap bracing. Where wall studs are
exposed, bracing straps offer a simple way to achieve needed

reinforcement against the wind. These straps are commercially
produced and are made of 16-gauge galvanized metal with pre
punched holes for nailing. These should be secured to studs and
wall plates as nail holes permit (fig. 6.10). Bear in mind that they
are good only for tension.

If, after reading this, you agree that something should be done
to your house, do it now. Do not put it offuntil the next hurricane
hits you!

Mobile homes: limiting their mobility

Because of their light weight and flat sides, mobile homes are
vulnerable to the high winds of hurricanes, tornadoes, and severe
storms. Such winds can overturn unanchored mobile homes or
smash them into neighboringhomesand property. Nearly6 million
Americans live in mobile homes today, and the number is growing.
Twenty to 30 percent of single-family housing production in the
United States consists of mobile homes. High winds damage or
destroy nearly 5,000 of these homes every year, and the number
will surely rise unless protective measures are taken. As one man
whose mobile home was overturned in Hurricane Frederic (1979)
so aptly put it, "People who live in flimsy houses shouldn't have
hurricanes."

Several lessons can be learned from past experiences in storms.
First, mobile homes should be located properly. After Hurricane
Camille (1969), it was observed that where mobile home parks
were surrounded by woods and where the units wereclosetogether,
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Table 6.1. Tiedown anchorage requirements

10-and12-ft.-wide mobile homes
12-and14-ft

homes, 60 to

No. of

frame ties

.-wide mobile

70 ft. longWind
30 to 50 ft. long 50 to 60 ft. long

velocity
(mph)

No. of

frame ties

No. of over-

the-top ties
No. of

frame ties

No. of over-

the-top ties
No. of over-

the-top ties

70

80

90

100

110

3

4

5

6

7

2

3

4

5

6

4

5

6

7

9

2

3

4

5

6

4

5

7

8

10

2

3

4

6

7

damage was minimized, caused mainly by falling trees. In unpro
tected areas, however, many mobile homes were overturned and
often destroyedfrom the forceof the wind. The protection afforded
by trees is greater than the possible damage from falling limbs.
Two or more rows of trees are better than a single row, and trees
30feet or more in height givebetter protection than shorter ones.
If possible, position the mobile home so that the narrow side faces
the prevailing winds.(Australian pines,whichblowovertoo easily,
are an exception).

Locating a mobile home in a hilltop park willgreatly increase
its vulnerability to the wind.A lowersite screened by trees is safer
fromthe wind,but it should beabove storm-surge flood levels. A
locationthat is too lowobviously increases the likelihood of flood
ing. There are fewer safe locations for mobile homes than for stilt
houses.

A second lesson taught by past experience is that the mobile

home must be tied down or anchored to the ground so that it will
not overturn in high winds (figs. 6.13 and 6.14 and table 6.1).
Simple prudence dictates the use of tiedowns, and in Florida tie-
downs are required. Many insurance companies, moreover, will
not insure mobile homes unless they are adequately anchored with
tiedowns. A mobile home may be tied down with cable or rope, or
rigidly attached to the ground by connecting it to a simple wood-
post foundation system. An alert mobile home park owner can
provide permanent concrete anchors or piers to which hold-down
ties may be fastened. In general, an entire tiedown system costs
only a nominal amount.

A mobile home should be properly anchored with both ties to
the frame and over-the-top straps; otherwise it may be damaged
by sliding, overturning, or tossing. The most common cause of
major damage is the tearing away of most or all of the roof. When
this happens the walls are no longer adequately supported at the
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top and are more proneto collapse. Totaldestruction of a mobile
home is more likely if the roof blows off, especially if the roof
blows off first and then the home overturns. The necessity for
anchoring cannot be overemphasized: there should be over-the-top
tiedowns to resist overturning and frame ties to resist sliding off
the piers. This applies to single mobile homes up to 14 feet in
width. "Double-wides" do not require over-the-top ties but they
do requireframe ties. Although newermobilehomesare equipped
with built-in straps to aid in tying down, the occupant may wish
to add more if in a particularly vulnerable location. Many of the
older mobile homes are not equipped with these built-in straps.
Protecting Mobile Homesfrom High Winds treats the subject
in more detail (see reference 76, appendix C). The booklet lists
specific steps that one should take on receivinga hurricane warn
ing and suggests a type of community shelter for a mobile home
park. It also includes a map of the United States with lines that
indicate areas subject to the strongest sustained winds. In a great
hurricane, mobile homes will be destroyed no matter what you do
to protect them.

High-rise buildings: the urban shore

A high-rise building on the beach is generally designed by an
architectand a structural engineerwho are presumably wellquali
fied and aware of the requirements for building on the shoreline.
Tenants of such a building, however, should not assume that it is
therefore invulnerable. Many people living in apartment buildings

of 2 or 3 storieswerekilled when the buildings were destroyed by
Hurricane Camille in Mississippi in 1969. Storms have smashed
5-story buildings in Delaware. Larger high-rises have yet to be
thoroughly tested by a major hurricane.

The first aspect of high-rise construction that a prospective
apartment dweller or condo owner must consider is the type of
piling used. High-rises near thebeach should be builtso that even
if the foundation is severely undercut during a storm the build
ing will remain standing. It is well known in construction circles
that shortcuts are sometime taken by lessscrupulous builders,and
piling is not driven deeply enough. Just as important as driving
the piling deepenough to resist scouring and to support theloads
they must carry is the need to fastenpiles securely to the structure
they support above them. Theconnections mustresist horizontal
loads from wind and wave during a storm as well as uplift from
the samesources. It is a joint responsibility of builders and build
inginspectors to make sure the jobisdone right. Hurricane Eloise
(1975) exposed thefoundation ofa just-under-construction high-
risein Panama City Beach, revealing that 30of the pilings had no
concrete around them and were not attached to the building. Such
problems probably exist everywhere that high-rises crowd the
beach.

Despite theassurances that come with an engineered structure,
lifein a high-rise building holds definite drawbacks that prospec
tive tenants should take into consideration. The negative condi
tions that must be evaluated stemfrom high wind, high water,and
poor foundations.



Pressure from the wind is greater near the shore than it is in
land, and it increases with height. If you are living inland in a
2-story house and move to the eleventh floor of a high-rise on
the shore, you should expect 5 times more wind pressure than you
are accustomed to. This can be a great and possibly devastating
surprise.

The high wind pressure actually can cause unpleasant motion
of the building. It is worthwhile to check with current residents of
a high-rise to find out if it has undesirable motion characteristics;
some have claimed that the swaying is great enough to cause
motion sickness. More seriously, high winds can break windows
and damage property, and of course they can hurt people. Tenants
of severely damaged buildings will have to relocate until repairs
are made.

Those who are interested in researching the subject further—
even the knowledgeable engineer or architect who is engaged
to design a structure near the shore—should obtain a copy of
Structural Failures: Modes, Causes, Responsibilities (reference
67, appendix C). Of particular importance is the chapter entitled
"Failure of Structures Due to Extreme Winds." This chapter
analyzes wind damage to engineered high-rise buildings from the
storm at Lubbock and Corpus Christi, Texas, in 1970.

Another occurrence that affects a multi-family, high-rise build
ing more seriously than a low-occupancy structure is a power
failure or blackout. Such an occurrence is more likely along the
coast than inland because of the more severe weather conditions
associated with coastal storms. A power failure can cause great
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distress. People can be caught between floors in an elevator. New
York City had that experience once on a large scale. Think of the
mental and physical distress after several hours of confinement,
and compound this with the roaring winds of a hurricane whip
ping around the building, sounding like a freight train. In this age
of electricity, it is easy to imagine many of the inconveniences that
can be caused by a power failure in a multi-story building.

Fire is an extra hazard in a high-rise building. Even recently
constructed buildings seem to have difficulties.The television pic
tures of a woman leaping from the window of a burning building
in New Orleans rather than be incinerated in the blaze are a hor

rible reminder from recent history. The number of hotel fires of the
last few years demonstrate the problems. Fire department equip
ment reaches only so high. And many areas along the coast are
too sparsely populated to afford high-reaching equipment.

Fire and smoke travel along ventilation ducts, elevator shafts,
corridors, and similar passages. The situation can be corrected
and the building made safer, especially if it is new. Sprinkler sys
tems should be operated by gravity water systems rather than by
powered pumps (because of possible power failure). Gravity sys
tems use water from tanks higher up in the building. Battery-
operated emergency lights that come on only when the other lights
fail, better fire walls and automatic sealing doors, pressurized
stairwells, and emergency-operated elevators in pressurized shafts
will all contribute to greater safety. Unfortunately,all of these im
provements cost money, and that is why they are often omitted
unless required by the building code.
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There are 2 interesting reports on damage caused by Hurricane
Eloise, which struck the Florida Panhandle the morning of Sep
tember 23,1975. One is by Herbert S. Saffir,a Florida consulting
engineer; the other is by Bryon Spangler of the University of
Florida. The forward movement of the hurricane was unusually
fast, causing its duration in a specific area to be lessened, thus
minimizing damage from both wind and tidal surge. The still-
water height at Panama City was 16 feet above mean sea level,
plus about a 3-foot topping wave. Wind gusts of 154 mph for a
period of one-half hour were measured.

At least one-third of the older structures in the Panama City
area collapsed. These were beach-front motels, restaurants, apart
ments, condominium complexes, and some permanent residences.
The structures built on piling survived with minimal damage. In
one case, part of a motel was on spread footings and part on piles.
Just the part on spread footings was severely damaged. (A spread
footing is a wide concrete slab resting directly on the ground rather
than on piles.)

The anchorage systems, connection between concrete piles or
concrete piers and the grade beams, under several high-rise build
ings were inadequate to resist uplift loads, illustrating that code
enforcement and proper inspection by a qualified professional are
essential.

Many of the residencesand some of the buildings were built on
spread footings that failed because the sand they were resting on
washed awaywith scour. Failure of the footings resulted in failure
of the superstructure.

Some of the high-rise buildings suffered glass damage in both

windows and sliding glass doors.
Apparently few, ifany, oftheresidences andbuildings were built

to conform to either the South Florida or the Standard Building
Code requirements. (The code was not legally applicable at the
time.) If the requirements had been met, much of the damage
could have been prevented at a minimum of cost.

Some surprising thingswerenoticed.In almosteverycasewhere
there was a swimming pool, considerable erosion occurred. Loss
of sand beneath the walkwaysprior to the storm created a channel
for the water to flow through and wash out more sand during the
storm, which in turn increased both the velocity and quantity of
the flowof water in the channel. This ate away the sand supporting
adjacent structures, accelerating their failure.

Slabs on grade (on the ground) performed poorly. Often wave
action washed out the sand underneath the slab. When this oc
curred there was no longer support for the structureaboveit, and
failure resulted.

The storms revealed some shoddy construction. Some builders
had placed wire mesh for a slab directly on the sand. Then the
concrete waspoured on top of it, leaving the mesh below and in
the sand, where it servedno structural purpose.To be effective, it
should have been set on blocks or chairs, or pulled up into the slab
during the pouring of the concrete.

In some cases cantilevered slabs or overhangs were reinforced
for the usual downward gravity loads. Unfortunately,when waves
dashed against the buildings theysplashed upward, imposing an
upward force against the slab for which it was not reinforced,
causing it to crack and fail.



Modular unit construction: prefabricating the urban shore

The method of buildinga house,duplex,or largecondominium
structure by fabricating modular units in a shop and assembling
themat the site is gainingin popularityfor development on shore
line property. The larger of these structures are commonly 2 to 3
stories in height and may contain a large number of living units.

Modular construction makesgood economic sense, and there is
nothing inherently wrong in this approach to coastal construction.
These methods have been used in the manufacturing of mobile
homes for years, although finalassembly on mobile homes is done
in the shop rather than on the site. Doing as much of the work as
possible in a shop can save considerable labor and cost. The work
ers are not affected by outsideweather conditions.They often can
be paid by piecework, enhancing their productivity. Shop work
lends itself to labor-saving equipment such as pneumatic nailing
guns and overhead cranes.

If the manufacturer desires it, shop fabrication can permit
higher quality. Inspection and control of the whole process are
mucheasier. For instance, thereis lesshesitation about rejecting a
poor piece of lumberwhenyou havea nearbysupplyof it than if
you are building a single dwelling and have just so much lumber
on the site.

On the other hand, because so much of the work is done out of
sightof the buyer, thereis theopportunity for the manufacturer to
take shortcutsif he is so inclined. It is possible that some modular
dwelling units have their wiring,plumbing, ventilation, and heat
ing and air conditioning installed at the factory by unqualified
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personnel, and it is possible the resulting inferior work is either not
inspected or inspected by an unconscientious or inept individual.

Therefore,it is important to considerthe following: Werewiring,
plumbing, heating and air conditioning, and ventilation installed
at the factory or at the building site? Were the installers licensed
and certified? Was the work inspected at both the factory and on
the construction site? Most important, is the modular dwellingunit
built to provide safety in the event of fire? For example, just a few
of the many safety features that should be included are 2 or more
exits, stairs remote from each other, masonry fire walls between
units, noncombustible wall sheeting, and compartmentalized units
so that if fire does occur it will be confined to that 1 unit.

It is vital that if 1 unit is placed on top of another, they be
adequately fastened together to resist high winds and that they not
depend solelyon the weight of the upper unit to hold them in place.

In general, it is very desirable to check the reputation and in
tegrity of the manufacturer just as you would when hiring a con
tractor to build your individual house on site. The acquisition of a
modular unit should be approached with the same caution as for
other structures.

If you are contemplating purchasing one of these modularized
dwellingunits, you maybe welladvisedto take the following steps:

1. Check the reputation and integrity of the developer and manu
facturer.

2. Check to see if the developer has a state contractor's license.
3. Check the state law on who is required to approve and certify

the building.
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4. Check what building codes are enforced.
5. Check to see if the state fire marshal'soffice has indicated that

the dwellingunits complywith all applicablecodes. Alsocheck
to see if this office makes periodic inspections.

6. Check to see that smoke alarms have been installed, if windows
are the type that can be opened, if the bathroom has an exhaust
fan, and ifthe kitchen has a vent through the roof.
As with all other types of structures, also consider site safety

and escape routes(s) for the location of modular units.

An unending game: only the players change

Hurricane or calm, receding shore or growing shore, storm-
surgeflood or sunny sky, migrating dune or maritime forest, win
or lose, the gamble of coastal development will continue. If you
choose your site with natural safety in view, follow structuralen
gineering design in construction, and take a generally prudent
approach to living at the shore (fig 6.11), then you become the
gambler who knows when to hold them, when to fold them, and
when to walk away.

Our goal is to provide guidance to today's and tomorrow's
players. This bookis not the last nor by any means the complete
guide to coastal living, but it should provide a beginning. In the
appendixes that follow areadditional resources that wehopeevery
reader will pursue.



Appendix A. Hurricane checklist

Keep this checklist handy for protection of family and property.

When a hurricane threatens

— Listen for official weather reports.
— Read your newspaper and listen to radio and television for

official announcements.
— Note the addressof the nearest emergency shelter.
— Know the official evacuation route in advance.
— Pregnantwomen, the ill,and the infirm should calla physician

for advice.

— Be prepared to turn off gas, water, and electricity where it
enters your home.

— Fill tubs and containers with water (one quart per person per
day).

— Make sure your car's gas tank is full.
— Secure your boat. Use longlines to allow for risingwater.
— Secure movable objects on your property:

— doors and gates garbage cans
— outdoor furniture bicycles or large
— shutters sportsequipment
— garden tools barbecues or grills
— hoses _ other

— Board upor tapewindows and glassed areas. Draw drapes and

window blinds across windows and glass doors. Remove furni
ture in their vicinity.
Stock adequate supplies:

transistor radio flashlights
fresh batteries candles

canned heat matches

hammer nails

boards screwdriver

pliers ax*

hunting knife rope*
tape plastic drop cloths,
first-aid kit waterproof bags, ties
prescribed medicines containers for water

water purification disinfectant

tablets canned food, juices,
insect repellent soft drinks (see
gum, candy below)
life jackets hard-top head gear
charcoal bucket and fire extinguisher
charcoal can opener and
buckets of sand utensils

Check mobile-home tiedowns.

♦Take an ax (to cut an emergency escape opening) if you go to the upper
floors or attic of your home. Take rope for escape to ground when water
subsides.
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Suggested storm food stock for family of four

— two 13-oz. cans evaporated milk
— four 7-0Z. cans fruit juice
— 2 cans tuna, sardines, Spam, chicken
— three 10-oz. cans vegetable soup
— 1 small can cocoa or Ovaltine

— one 15-oz. box raisins or prunes
salt

pet food?
— one 14-oz. can cream of wheat or oatmeal
— one 8-oz. jar peanut butter or cheese spread
— two 16-oz. cans pork and beans
— one 2-oz. jar instant coffee or tea bags
— 2 packages of crackers
— 2 pounds of sugar
— 2 quarts of water per person

Special precautions for apartments/condominiums

— Make one person the building captain to supervise storm
preparation.

— Know your exits.
— Count stairs on exits; you'll be evacuating in darkness.
— Locate safest areas for occupants to congregate.
— Close, lock, and tape windows.
— Remove looseitemsfrom terraces(and from your absent neigh

bors' terraces).
— Remove or tie down loose objects from balconies or porches.

Assumeother trapped people maywishto use the buildingfor
shelter.

Special precautions for mobile homes

Pack breakables in padded cartons and placeon floor.
Remove bulbs, lamps, mirrors—put them in the bathtub.
Tape windows.
Turn off water, propane gas, electricity.
Disconnect sewer and water lines.

Remove awnings.
Leave.

Special precautions for businesses

Take photos of building and merchandise.
Assemble insurance policies.
Move merchandise away from plate glass.
Move merchandise to as high a location as possible.
Cover merchandise with tarps or plastic.
Remove outside display racks and loose signs.
Take out lowerfile drawers, wrap in trash bags, and store high.
Sandbag spaces that may leak.
Take special precautions with reactive or toxic chemicals.

If you remain at home

Never remain in a mobile home; seek official shelter.
Stay indoors. Remember, thefirst calm may be the hurricane's



eye. Remain indoors until an official all-clearis given.
— Stayon the "downwind" sideof the house. Change your posi

tion as the wind changes.
— If your house has an "inside" room, it may be the most secure

part of the structure.
— Keep continuous communications watch for official informa

tion on radio and television.

— Keep calm. Yourabilityto meet emergencies will help others.

If evacuation is advised

— Leave as soon as you can. Followofficial instructionsonly.
— Follow official evacuation routesunless those in authoritydirect

you to do otherwise.
— Take these supplies:

— change of warm, protective clothes
first-aid kit

— baby formula
— identificationtags: include name, address, and

next of kin (wear them)
flashlight

— food, water, gum, candy
— rope, hunting knife
— waterproof bags and ties

can opener and utensils
disposable diapers
special medicine
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— blankets and pillows in waterproof casings
radio

fresh batteries

bottled water

purse, wallet, valuables
life jackets

— games and amusements for children
— Disconnect all electric appliances except refrigerator and

freezer. Their controls should be turned to the coldest setting
and the doors kept closed.

— Leave food and water for pets. Seeing-eye dogs are the only
animals allowed in the shelters.

— Shut off water at the main valve (where it enters your home).
Lock windows and doors.

— Keep important papers with you:
driver's license and other identification

insurance policies
property inventory
Medic Alert or other device to convey special medi
cal information

During the hurricane

Stay indoors and away from windows and glassed areas.
If you are advised to evacuate, do so at once.
Listen for continuing weather bulletins and official reports.
Use your telephone only in an emergency.
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Follow official instructions only. Ignore rumors.
Keepopen a windowor door on the sideof the houseopposite
the storm winds.

Beware of the "eye of the hurricane." A lull in the winds does
not necessarily mean that the storm has passed. Remain in
doors unlessemergency repairs are necessary. Exercisecaution.
Winds may resume suddenly,in the opposite direction and with
greater force than before. Remember, if wind direction does
change, the open windowor door must be changed accordingly.
Be alert for rising water.
If electric service is interrupted, note the time.

Turn off major appliances, especially air conditioners.
Do not disconnect refrigerators or freezers. Their controls
should be turned to the coldest setting and doors closed
to preserve food as long as possible.
Keep away from fallen wires. Report location of such
wires to the utility company.

If you detect gas:
Do not light matches or turn on electrical equipment.
Extinguish all flames.
Shut off gas supply at the meter.*
Report gas service interruptions to the gas company.

_ Water:

The only safe water is the water you stored before it had
a chance to come in contact with flood waters.

♦Gas should be turned back on only by a gas serviceman or licensed
plumber.

Should you require anadditional supply, besure to boil
water for 30 minutes before use.
If you areunable to boil water, treatwater you will need
with water purification tablets.

Note: An official announcement will proclaimtap water"safe."
Treatall waterexcept stored wateruntil you hear the announce
ment.

After the hurricane has passed

Listen for official word of danger having passed.
Watchout for looseor hangingpowerlinesas well as gasleaks.
People have survived storms only tobeelectrocuted orburned.
Fire protection may be nilbecause of broken power lines.
Walk or drive carefully through the storm-damaged area.
Streets will be dangerous because of debris, undermining by
washout, and weakened bridges. Watch out for poisonous
snakes and insects driven out by flood waters.
Eatnothing anddrinknothing thathasbeen touched byflood
waters.

Place spoiled food in plastic bags and tie securely.
Dispose ofall mattresses, pillows, and cushions that have been
in flood waters.

Contact relatives as soon as possible.

Note: Ifyou arestranded, signal for help bywaving a flashlight at
night or white cloth during the day.



Appendix B. A guide to local, state, and federal

agencies involved in coastal development

Numerous agencies at all levels of government are engaged in
planning, regulating, permitting, or studying coastal development
and resources in Florida. These agencies provide information on
development to the homeowner, developer, or planner and issue
permits for various phases of construction and information on
particular topics.

Aerial photography, coastal construction control line maps, ortho-
photo maps, and remote-sensing Imagery

State Topographic-Aerial Survey Engineer
Florida Department of Transportation
Haydon Burns Building
605 Suwannee Street
Tallahassee, FL 32301
(904) 488-2250

Division of Beaches and Shores

Florida Department of Natural Resources
3900 Commonwealth Boulevard
Tallahassee, FL 32303
(904)488-3180

Coastal Zone Studies

Department of Political Science
University of West Florida
Pensacola, FL 32504
(904) 476-9500

U.S. Geological Survey
325 John Knox Road
Tallahassee, FL 32301

(904) 385-7T45

Local county or municipal governments
Attn: planning, zoning, or building departments.

Beach erosion

Information on barrier beach erosion, inlet migration, and ero
sion control alternatives is available from the following agencies:

Division of Beaches and Shores

Florida Department of Natural Resources
3900 Commonwealth Boulevard
Tallahassee, FL 32303
(904) 488-3180
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Coastal Archives Library
Department of Coastal and Oceanographic Engineering
Weil Hall

University of Florida
Gainesville, FL 32611
(904) 392-2710

Coastal Zone Studies

Department of Political Science
University of West Florida
Pensacola, FL 32504
(904) 476-9500

U.S. Army Corps of Engineers
Jacksonville District Office

P.O. Box 4970
400 East Bay Street
Jacksonville, FL 32232

Coastal Engineering Specialist
Florida Sea Grant-Marine Advisory Program
G022 McCarty Hall
University of Florida
Gainesville, FL 32611
(904) 392-2460

Local county or municipal governments
Attn: planning or engineering departments.

Bridges and causeways

The U.S. Coast Guard has jurisdiction over issuing permits to
build bridges or causeways that willaffectnavigablewaters. Infor
mation for peninsular Florida from Fernandina Beachto Panama
City:

Commander, 7th Coast Guard District
1018 Federal Building
51 First Avenue, S.W.
Miami, FL 33130
(305) 350-4108

For areas west of Panama City, contact:

Commander, 8th Coast Guard District
500 Camp Street
New Orleans, LA 70130

(504) 589-6298

Building codes, planning, and zoning

Most communitieshaveadopted comprehensiveplansand build
ing codes under the Standard Building Code and in some cases
under the improved South Florida Building Code. Check with
your county or city building department for permitted uses and
building codes. The existing buildingcodesin Florida do not pro
tect the structures from hurricane, flood, wind, and erosion dam
age. If you intend to build on barrier islands, we advise you to
obtain an excellent guide from Texasas wellas the Florida codes.



Model Minimum Hurricane Resistant
Building Codes for the Texas Gulf Coast
Texas Coastal and Marine Council
P.O. Box 13407
Austin, TX 78711
(512)475-5849

Coastal Construction Building Code Guidelines
Division of Beaches and Shores
Florida Department of Natural Resources
3900 Commonwealth Boulevard
Tallahassee, FL 32303
(904)488-3180

Coastal zone planning and management program

Florida adopted the Coastal Management Program (CMP)
pursuant to the Florida Coastal Zone Management Act of 1978
(Chapter 380, Florida Statutes) and the Federal Coastal Zone
Management Actof 1972. Florida's CMP did not createany new
agency but provides forcoordination and consistency in the imple
mentation of various federal and stateprograms affecting coastal
areas and barrier islands. For information on the CMP and desig
nated barrier islands, contact:

Office of Coastal Management
Department of Environmental Regulation
2600 Blair Stone Road

Tallahassee, FL 32301
(904) 488-4805
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Dredging, filling, and construction In coastal waters

Florida laws require that all those who wish to dredge, fill, or
otherwise alter wetlands, marshes, estuarine bottoms, or tidelands
apply for a permit from the appropriate state, federal, and local
governments. For information, write or call the followingagencies.

For the standard state permit on dredging and filling, contact:

Florida Department of Environmental Regulation
Twin Towers Building
2600 Blair Stone Road

Tallahassee, FL 32301
(904) 488-0130

For short-form dredge and fill application permits, contact
appropriate district offices of the Department of Environmental
Regulation.

For erosion control structures and coastal construction control

line permits, write or call:

Division of Beaches and Shores

Florida Department of Natural Resources
3900 Commonwealth Boulevard
Tallahassee, FL 32303
(904)488-3180

Easements and submerged land leases for docks, piers, etc.,
must be obtained from:
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Bureau of State Lands Management
Florida Department of Natural Resources
3900 Commonwealth Boulevard
Tallahassee, FL 32303
(904) 488-9120

Federal lawrequires that any personwhowishes to dredge, fill,
or place any structure in navigable water (almost any body of
water) applyfora permitfromthe U.S.ArmyCorpsofEngineers.

Permit Branch

U.S. Army Corps of Engineers
P.O. Box 4970
400 East Bay Street
Jacksonville, FL 32232
(904) 791-2887

The Army Corps of Engineers has 10 additional field offices in
Florida. Consult your area telephonedirectory for the U.S. Govern
ment listing in the white pages.

Dune alteration and vegetation removal

Rorida laws prohibit the destruction, damaging, or removal of
sea grasses, sea oats, or sand dunes and berms. Individual coun
ties or cities might have ordinances pertaining to dune alteration
and vegetation removal. Permits for certain workand alteration
may be obtained from local county or city planningand building

departments. For permitsto clearor alter dunesor beaches sea
ward of the coastal construction control lines, write or call:

Division of Beaches and Shores
Department of Natural Resources
3900 Commonwealth Boulevard
Tallahassee, FL 32303
(904) 488-3180

Health, sanitation, and water quality

County health departments are in charge of issuing on-site
septic system permits for sewage treatment plants with a capacity
of less than 2,000 gallons per day. For the necessary information
and permit process, contact your localhealth department or:

Division of Environmental Services
Department of Health and Rehabilitative Services
1317 Winewood Boulevard
Tallahassee, FL 32301
(904) 488-4070

For sewage systems with a capacity larger than 2,000 gallons
per day, the Rorida Department of Environmental Regulation
issues thepermits. (Foraddress, see Dredging andfilling listing.)

History and archeology

If you suspect that your property may have an archeologic or
historic site, write or call:



Bureau of Historic Sites and Properties
Division of Archives, History and Records Management
Rorida Department of State
R.A. Gray Building
Tallahassee, FL 32301
(904) 488-1480,488-2333

Hurricane Information and weather

The National Oceanic and Atmospheric Administration is the
best agency from which to request information on hurricanes.
NOAA stormflood evacuation maps are prepared for vulnerable
coastal areas and cost $2.00 each. For details, call or write:

Distribution Division (C-44)
National Ocean Survey
NOAA

Riverdale, MD 20840
(301)463-6990

For hurricane probabilitycharts for your area as wellas weather
and hurricane warning information, contact:

National Hurricane Center

1320 South Dixie Highway
Coral Gables, FL 33146
(305)666-0413
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Hurricane evacuation and disaster assistance

Contact your local county or city Civil Defense or Disaster
Preparedness office for hurricane evacuation and hurricane shelter
information. Local radio and TV stations provide hurricane warn
ing and evacuation bulletins when storms threaten an area. For
information on hurricane disaster response, recovery, and assis
tance, contact:

Disaster Response and Recovery Assistance
Bureau of Disaster Preparedness
Rorida Department of Community Affairs
2571 Executive Center Circle, East
Tallahassee, FL 32301
(904)488-1900
(904) 488-1320 (in case of emergency)

Federal Disaster Assistance Administration

Region 4 Office
Suite 750
1375 Peachtree Street, N.E.
Atlanta, GA 30309

Insurance

In coastal areas special building requirements must often be
met to obtain flood or wind storm insurance. To find out the

requirements in your area, check with your local building depart
ment and insurance agent. Further information is available from:
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Federal Insurance Administration

National Rood Insurance Program
Federal Emergency Management Agency
Washington, DC 20472
(202) 755-5290

Division of Insurance-Consumer Services

Rorida Department of Insurance and Treasurer
The Capitol
Tallahassee, FL 32301
(904) 488-2660

Land planning and land use

Local county and municipal governments have adopted com
prehensive land-use plans and zoning and building codes under
the state law. It is advisable to contact these agencies, preferably
before you buy land on a barrier island or coastal area. For addi
tional information, contact:

Division of Local Resources Management
Rorida Department of Community Affairs
2571 Executive Center Circle, East
Tallahassee, FL 32301
(904) 488-2356

Large-scale development projects requiring Development of
Regional Impact (DRI) studies must meet approvals by the fol
lowing state agency:

Bureau of Land and Water Management
Florida Department of Community Affairs
2571 Executive Center Circle, East
Tallahassee, FL 32301
(904) 488-4925

Area Regional Planning Council approvals also are necessary
for DRIs before state agency approvals are granted.

Land purchase and sales

When acquiring property or a condominium—whether in a
subdivision or not—consider the following: (1) Owners of prop
erty next to dredged canals should make sure that the canals are
designed foradequateflushing to keepwatersfrombecoming stag
nant. Requests for federal permits to connect extensive canal sys
tems to navigable waters are frequently denied. (2) Descriptions
and surveys of land in coastal areas are very complicated. Old
titles granting fee-simple rights to property below the high-tide
line may not be upheld in court; titles should be reviewed by
a competent attorney before they are transferred. A boundary
described as the high-water mark maybe impossible to determine.
(3) Askaboutthe provision of sewage disposal and utilities includ
ingwater, electricity, gas, and telephone. (4)Be sure anypromises
of future improvements, access, utilities, additions, common prop
erty rights, etc., are in writing. (5) Be sure to visit the property
and inspect it carefully before buying it.



Land preservation

Several barrier beaches are being considered by the state for
public acquisition under 3 state programs: the Environmentally
Endangered Lands Program, the Save Our Coast Program, and
the Conservation and Recreational Lands Program. If you own
large parcels of environmentally sensitive land on barrier islands or
coastal areas and prefer to have it preserved for future generations
to enjoy, contact the state's Bureau of Land Acquisition (address
given below).

On the other hand, if youplan to buy barrier islandproperty, it
wouldbe advisableto contact the localgovernmentagencyas well
as the following state agencies to determine if there could be de
velopment and permitting problems.

Bureau of Land Acquisition
Division of State Lands

Department of Natural Resources
3900 Commonwealth Boulevard
Tallahassee, FL 32301
(904) 488-2725

Inter-Agency Management Committee
Save Our Coast Program
Office of Planning and Budgeting
Executive Office of the Governor

The Capitol
Tallahassee, FL 32301
(904) 488-5551
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Land sales—subdivisions

Subdivisions containing more than 50 lots and offered in inter
state commerce must be registered with the Office of Interstate
Land Sales Registration (as specified by the Interstate Land Sales
Full Disclosure Act). Prospectivebuyers must be provided with a
property report. This office also produces a booklet entitled Get
the Facts... Before Buying Land for people who wish to invest
in property. Information on subdivision property and land invest
ment is available from:

Officeof Interstate Land Sales Registration
U.S. Department of Housing and Urban Development
Washington, DC 20410

Officeof Interstate Land Sales Registration
Atlanta Regional Office
U.S. Department of Housing and Urban Development
230 Peachtree Street, N.W.
Atlanta, GA 30303
(404) 526-4364

Soils and septic systems

Soil type is important in terms of (1) the type of vegetationit can
support, (2) the type of construction technique it can withstand,
(3) its drainage characteristics, and (4) its ability to accommodate
septic systems. For detailed information on soil characteristics and
limitations and permitting rules for septic systems, contact:
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Local county Soil Conservation Service office,U.S. Depart
ment of Agriculture (listing in the telephone book)

Soil Conservation Service

U.S. Department of Agriculture
University of Rorida
Gainesville, FL 32611

Local county health department

Environmental Services

Department of Health and Rehabilitative Services
1323 Winewood Boulevard
Tallahassee, FL 32301
(904) 488-4070

Water supply and pollution control

If your plan involves draining of land or a large water supply
system, contact the appropriate area water management district
for rules and permit process. Construction of any sewageor solid
waste disposal facilities requires permits from the Rorida Depart
ment of Environmental Regulation. Contact appropriate district
officeof the DER. (See Dredging and Filling listing for addresses.)

Wildlife species and habitat protection

For the conservation and protection of fish and wildlifespecies
and their habitat, contact the office of the Game and Fresh Water
Fish Commission in your area. Also contact:

U.S. Fish and Wildlife Service
Department of the Interior
P.O. Box 2676
Vero Beach, FL 32960
(904) 562-3909
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The following list of references, most of which are annotated,
will suffice to get any interested individual into the literature. A
major source of publications, information, dates, and advice for all
Roridians interested in the marine environment is the Sea Grant
Program in Gainesville,Rorida. Write or call the Marine Advisory
Program, Rorida Cooperative Extension Service, G022 McCarty
Hall, University of Rorida, Gainesville,FL 32611 (904-392-1837),
and ask for catalogues and brochures. The extension service may
even be able to furnish an expert to advise your community on
your particular shoreline problem.

Rorida also is blessed with the nation's foremost library of
coastal engineering and related subjects in the Department of
Coastal Engineering, University of Rorida, Gainesville, Florida.
For other sourcesof publicationsand information see appendix B.

Books by the same authors

1. Living with the Shore series, Orrin H. Pilkey, Jr., and William
J. Neal, eds. The series addresses problems and concerns of
coastal living and management for all Atlantic Coast, Gulf
Coast, and Pacific Coast states, as well as the Great Lakes.
Books for North Carolina, Texas, South Carolina, New York,
and Louisiana are now available to the public. This text (East
Rorida) is the sixth book of the series. The series is being
published by Duke University Press, 6697 College Station,

Durham, NC 27708, and may be ordered from the Press.
Cost $9.75 paper; $22.75 doth.

2. TheBeachesAre Moving: TheDrowningofAmerica'sShore
line, by Wallace Kaufman and Orrin H. Pilkey, Jr., 1979,
1983. This highly readable account of the state of America's
coastline explains natural processes at work at the beach, pro
vides a historical perspective of man's relation to the shore, and
offers practical advice on how to live in harmony with coastal
environments. Originally published by Anchor Press/ Double-
day, it is now available in paperback from Duke University
Press, 6697 College Station, Durham, NC 27708 ($9.75).

3. Coastal Design: A Guidefor Builders, Planners, and Home
Owners, by Orrin H. Pilkey, Sr., Walter D. Pilkey, Orrin H.
Pilkey, Jr., and William J. Neal, 1983. The "umbrella'' book
for the Living with the Shore series, this volume emphasizes
principles of shoreline construction and is intended to be a
companion for the individual state books of this series. Van
Nostrand Reinhold, New York, 224 pp., $25.50.

General references for the nonspeclallst

4. Waves and Beaches, by Willard Bascom, 1980. A highly read
able primer on beach processes. Available in paperback from
most local coastal-zone bookstores. Doubleday/Anchor Press,
Garden City, New York.
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5. At the Sea's Edge, by William T. Fox, 1983. This text is
billed as an introduction to coastal oceanography for the ama
teur naturalist, but it is not easy reading for the nonscientist.
Nonetheless, this is the best, most complete, most up-to-date
volume available for those who want to learn about the shore

line and are starting from scratch. Prentice-Hall, Englewood
Cliffs, NJ 07632, 317 pp.

6. Barrier Island Handbook, by Steve Leatherman, 1982. A
nontechnical, easy-to-read paperback about barrier island dy
namics and coastal hazards. Many of the examples are from
the Maryland and New England coasts but are applicable to
East Rorida as well. Available from Coastal Publications,
5201 Burke Drive, Charlotte, NC 28208 ($5-75)-

7. Sea Islandsofthe South, by Diana and Bill Gleasner, 1980.
An excellent visitor's guide to the southeastern coast of the
United States, including both naturalist information and de
scriptions of developed barrier islands. You will find descrip
tions, explanations, and identifications of everything from
dunes to tides to birds to shells, guides to visitor information
centers, accommodations, activities, and sightseeing points of
interest. This guide is especially handy to the first-time traveler
through North Carolina to Rorida, but may be of interest to
natives, too. Available in most coastal bookstores. Published
by the East Woods Press.

8. BarrierIsland Ecology of Cape Lookout National Seashore,

by Paul Godfrey. An excellent summary of how islands in
North Carolina have evolved. It includes emphasis on the role
of overwash and the role of vegetation in island evolution.
This book ispertinent to an understandingof Rorida's islands.
National Park Service, Department of the Interior, Washing
ton, DC, Scientific Monograph #9.

9. Florida Sea Grant Publications Catalog. An annual publica
tion listinga widevarietyof useful publications for the coastal
dweller. Many of these publications are free and can be ob
tained from the Sea Grant Marine Advisory Program, G022
McCarty Hall, University of Rorida, Gainesville, FL 32611.

10. Florida Coastal and Environmental Information, by Lucille
Lehmann and Todd L. Walton, Jr., 1979. A useful pamphlet
of addresses and sources for all kinds of information for the
coastal dweller. Available from the Marine Advisory Program,
Rorida Cooperative Extension Service, University of Rorida,
Gainesville, FL 32611.

11. Environmental Quality by Design: South Florida, by A. R.
Veri, W. W. Jenna, and P. E. Bergamaschi, 1975. A nicely
illustrated book discussing how to live with South Rorida's
numerous natural environments. University of Miami Press,
Coral Gables, Rorida, 192 pp.

12. Appraisal Report on Beach Conditions in Florida, by the
U.S. Army Corpsof Engineers, Jacksonville District, 1965. A
summary of beach/island characteristics, whichis out of date



but stilluseful. Available from the U.S. Government Printing
Office, Washington, DC 20402, and from U.S. Army Corps
of Engineers' offices, 42 pp., plus appendix.

13. CatFive, by Robert P. Davis, 1977. Although not in a class
with John D. MacDonald's Condominium, this novel graphi
cally dramatizes the effectof a Saffir-Simpson Scale 5 hurri
cane on Palm Beach. William Morrow and Co., New York.

Books for the specialist or hardworking nonspeclallst

14. The Encyclopedia of Beaches and Coastal Environments,
edited by M. L. Schwartz, 1982.A veryinformativeand com
plete volume that discusses everything you wanted to know on
the subject. It is written for the geologist rather than the lay
person, however. Hutchinson-Ross Publishing Co., Strouds-
burg, Pennsylvania.

15. OurChanging Coastlines, by F. P. Shepard and H. R. Wan
less, 1971. Astate-by-state rundownof the recentgeologic his
tory of all the U.S. shorelines. Illustrationsare mainly aerial
photographs. Book is nowa bit out of date, but it still furnishes
dramatic proofof the highlydynamic nature of our shorelines.
McGraw-Hill, New York, 579 pp.

16. Coastal Mapping Handbook, by M. Y. Ellis, ed., 1978. A
primer on coastal mapping that outlines the various types
of maps, charts, and photographyavailable; sourcesfor such
products; data and uses; state coastal mapping programs;
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information appendixes; and examples. A valuable starting
reference foranyoneinterested in mapsor mapping. Forsaleby
theSuperintendentof Documents, U.S. Government Printing
Office, Washington, DC 20402 (stock no. 024-001-03046-2),
200 pp.

17. Coastal Ecosystem Management, by John Clark, 1977. This
928-page text covers most aspects of the coastal zone from
descriptions of processes and environments to legal controls
and outlines for management programs. Essential reading for
planners and beach community managers. John Wiley and
Sons, New York. Available in most university libraries.

18. Terrigenous Clastic Depositional Environments, by Miles
Hayesand Tim Kana, 1976. Although compiledfor a profes
sional field course, this text provides an excellent, detailed
treatment on various coastal sedimentary environments that
makes good reading for the interested nonscientist. The nu
merous photographs and diagrams support the text descrip
tion of depositional systems in rivers, dunes, deltas, tidal flats
and inlets, salt marshes, barrier islands, and beaches. Most of
the examples are from South Carolina. Technical Report No.
1i-CRD (184 pp.) of the Coastal Research Division, Depart
ment of Geology, University of South Carolina, Columbia,
SC 29208. Probably easiest to obtain through a college or
university library.

19. BarrierIslandsfrom the Gulf ofSt. Lawrence to the Gulf of
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Mexico,edited by Steve Leatherman, 1979.This collectionof
technical papers presents some of the current geological re
search on barrier islands. Of particular interest to students of
East Rorida barrier islands is the lead paper by Miles Hayes
entitled "Barrier Island Morphology as a Function of Tidal
and Wave Regime." Published by Academic Press and avail
able through most collegeand university libraries.

20. Beach Processes and Sedimentation, by Paul Komar, 1976.
The most widely used textbook on beaches and beach proc
esses. Recommended only to serious students of the beach.
Published by Prentice-Hall, Englewood Cliffs, NJ 07632.
Available in university libraries.

21. Coastal Geomorphology, edited by D. R. Coates, 1973. A
collection of technical papers including R. Dolan's "Barrier
Islands: Natural and Controlled." Interesting reading for any
one willingto overlook or wade through the jargon of coastal
scientists. Published by the State University of New York,
Binghamton, NY 13901. Available in university libraries.

22. GeologicalHighway Map ofthe Southeastern Region, com
piled by A. P. Bennison and others.Although thismap is not
aimed specifically at the coast, it provides the layman with a
semitechnicaltreatment of the regional geologyof Rorida and
adjacentstates. In addition to the map, thereisa discussion of
the geological development of the region and its rock and
mineral resources, a description of the Everglades, a photo
graphicmap, subsurface cross sections, descriptions of gem-
stones and fossils, and a list of points of geologic interest.

Available from the American Association of Petroleum Geolo

gists, P.O. Box 979, Tulsa, OK 74101.

23. Florida, Satellite ImageMosaic (scale 1:500,0a)), by the U.S.
Geological Survey, 1973. This large composite wascompiled
from NASA ERTS-i satellite images and shows the entire
state of Rorida. Because the image is produced in false-color
infrared, vegetation appears red, giving the illustration an
overall dominant color of pink to red. Coastal features such
as barrier islands, keys, bays, marshes, and swamps stand out
clearly, and distinct inland ridges mark old shoreline positions
from former high stands of sea level. Published by the U.S.
Geological Survey, Reston, VA 22092.

24. The Florida Coastal Management Program, Draft Environ
mentalImpact Statement, prepared by the Office of Coastal
Zone Management, NationalOceanicand Atmospheric Ad
ministration, and the Rorida Office of Coastal Management,
Department of Environmental Regulation, 1981. This mas
sivedocumentprovides the background to the Rorida Coastal
Management Program (FCMP) and includes discussions of
Florida coastal management legislation, programs,goals,and
initiatives. A wealth of information is incorporated into the
report, including descriptions of important natural environ
ments such as barrier islands, why they are hazardous for
development and difficult to maintainartificially. Students of
coastal land-use regulation will find this report to be a good
example of the wide spectrum of land-use demands, often
conflicting, that are placed on the coastal zone. One can sym-



pathize with the "regulators" who must walk a thin line to
meet the wide range of objectives from preservationof the en
vironment to encouragement of economic growthas set forth
in thedocument. Although the volume was not published for
sale, it was widely distributed to public and privateagencies
concerned with coastal issues. You may find a copy in your
community's planningoffice or through various state depart
ments that deal with coastal issues.

Films

25. It's Your Coast, NOAA. A 28-minute film on coastal zone
management problems and selection. Available from the Ma
rine Advisory Program, University of Rorida, Gainesville,
FL32611.

26. Portrait of a Coast. A spectacular 29-minute film showing
among other things a major storm on the Massachusetts coast.
It addresses theinterrelated problems of risingsealevel, coastal
erosion, and shoreline stabilization. Thisfilm isverypertinent
to the Rorida situation. Available from Circle Oak Produc
tions, 73 Girdle Ridge Drive, Katonah, NJ 10536.

27. Tornadoes, NOAA. This 15-minute film shows how the tor
nado warning system works, plusscenes of tornado damage.
Available from the Marine Advisory Program, University of
Florida, Gainesville, FL 32611.

28. Hurricane before theStorm. This 29-minutefilm is centered
on Hurricane Eloise, which hit northeast Rorida. The film
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discusses how to save life and property. Available from the
Marine Advisory Program, University of Rorida, Gainesville,
FL32611.

Shoreline engineering

29. Shore Protection Manual, by the U.S. Army Corps of En
gineers, 1973. The "bible" of shoreline engineering. Published
in 3 volumes. Request publication 08-0022-00077 from the
Superintendent of Documents, U.S. Government Printing
Office, Washington, DC 20402. Price $14.25.

30. Help Yourself, by the U.S. Army Corps of Engineers. Bro
chure addressing the erosion problems in the Great Lakes re
gion. May be of interest to barrier island residents; it outlines
shoreline processes and illustrates a variety of shoreline en
gineering devices used to combat erosion. Free from the U.S.
Army Corps of Engineers, North Central Division, 219 South
Dearborn St., Chicago, II 60604.

31. Publications List, Coastal Engineering Research Center
(CERC) and Beach Erosion Board (BEB), by the U.S. Army
Corps of Engineers. A list of published research by the Corps.
Free from the U.S. Army Corps of Engineers, Coastal En
gineering Research Center, Kingman Building, Fort Belvoir,
VA 22060.

32. Low-Cost Shore Protection, by the U.S. Army Corps of Engi
neers, 1982. A set of 4 reports written for the layman under
this title includes the introductory report, a property owner's
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guide, a guide for local government officials, and a guide for
engineers and contractors. The reports are a summary of the
Shoreline Erosion Control Demonstration Program and sug
gest a wide range of engineering devices and techniques to
stabilize shorelines, including beach nourishment and vege
tation. In adopting these approaches, one should keep in mind
that they are short-term measures and may have unwanted
side effects. The reports are available from John G. Housley,
Section 54 Program, U.S. Army Corps of Engineers, USACE
(DAEN-CWP-F), Washington, DC 20314.

33. Shore Management Guidelines and Shore Protection Guide
lines, by the U.S. Army Corps of Engineers, 1972. These pub
lications are designed to instruct the public on the use of the
shore and the use of structural solutions in solving erosion
problems. Both are available from the Department of the
Army, Corps of Engineers, Washington, DC 20314.

34. Shoreline Stabilization with Salt Marsh Vegetation, by Paul
L. Knutson and W. W. Woodhouse, Jr., 1983. Use of salt
marsh as an erosion buffer on the lagoon sides of islands is
discussed. This is a much preferable alternative to bulkhead-
ing. Coastal Engineering Research Center Special Report #9,
Kingman Building, Fort Belvoir, VA 22060.

35. Beach Nourishment in Florida and on the Lower Atlantic
and Gulf Coasts, by Todd L. Walton, Jr., 1977, Shore and
Beach, pp. 10-18. A technical report discussing the successes
and failures of a number of beach replenishment projects.

36. Beach Dune Walkover Structures, by Todd L. Walton, Jr.,
and Thomas C. Skinner, 1976. A primer on walkover struc
tures with plans detailed enough to hand to your contractor
(or to do it yourself). Available from the Marine Advisory
Program, University of Rorida, Gainesville, FL 32611.

Hurricanes

37. EarlyAmerican Hurricanes, 1492-1870, by D. M. Ludlum,
1963. Anexcellentsummaryofthe storm historyof the Atlantic
and Gulf coasts that provides a lesson on the frequency, in
tensity,and destructive potentialof hurricanes. Publishedby
the American MeteorologicalSociety, Boston, Massachusetts.
Available in public and university libraries.

38. Hurricanes and Coastal Storms, edited by Earl Baker, 1980.
Technical papers dealing with hurricane and storm awareness,
evacuation, and mitigation presented at a 1979national con
ference in Orlando, Rorida. Good reading for planners, devel
opers, and coastal community officials. Available from the
Marine AdvisoryProgram, University of Rorida, Gainesville,
FL32611.

39. Bibliographyon HurricanesandSevere StormsoftheCoastal
Plains Regionand Supplement, by the Coastal Plains Center
for Marine Development Services, 1970 and 1972. A reference
list that provides a good starting point for persons seeking
detailed information on hurricanes and hurricane research.
Available through collegeand university libraries.



40. Hurricane Information and Gulf Tracking Chart, by NOAA,
1974. An important brochure that describes hurricane charac
teristics and lists safety precautions. Available fromthe Super
intendent of Documents, U.S. Government Printing Office,
Washington, DC 20402.

41. Post-Disaster Reports. Available from both the Jacksonville
and Mobiledistrict offices of the U.S. Army Corps of Engi
neers. These posthurricane reports provide valuable docu
mentation of storm damage and are particularly useful for
those who wish to prevent disaster recurrences.

42. LowerSoutheast Florida Hurricane Evacuation Study Tech
nicalData Report, 1983. This is a report prepared for Monroe,
Dade, Broward, and Palm Beach counties by a private con
tractor and the Corps of Engineers. This report gives a lot of
numbers, such as evacuation time estimates, tables of numbers
of endangered people, etc.; a somewhat distressing report.
Available fromcountygovernmental offices and the Corps of
Engineers.

43. Hurricane Evacuation Plan: A Modelfor Florida's Coastal
Counties, by the Rorida Divisionof Disaster Preparedness,
1978.A summary of the procedures and organization needed
to evacuate endangered communities, 42 pp.

44. Florida HazardAnalysis, by the Florida Divisionof Disaster
Preparedness, 1977. A summary of the natural hazards of
Rorida, available in local libraries, 93 pp.

45. Florida Hurricane Survey Report, 1965. A post-Hurricane

Appendix C. Useful references 223

Betsy report ofdamage and storm characteristics. Available in
the University of Rorida Coastal Engineering Library, Gaines
ville, Rorida, 81 pp.

Site selection

46. Ecological Determinants ofCoastal Area Management (two
volumes), by Francis Parker, David Brower, and others, 1976.
Volume 1 defines the barrier island and related lagoon-estuary
systems and the natural processes that operate within them.
Outlines man's disturbing influences on island environments
and suggests management tools and techniques. Volume 2 is
a set of appendixes that include information on coastal eco
logical systems, man's impact on barrier islands, and tools
and techniques for coastal area management. Also contains a
good barrier island bibliography. Available from the Center
for Urban and Regional Studies, University of North Carolina
at Chapel Hill, 108 Battle Lane, Chapel Hill, NC 27514.

47. Coastal Ecosystems: Ecological Considerations for Manage
ment of the Coastal Zone, by John Clark, 1974. A clearly
written, well-illustrated book on the applications of ecological
principles to the major coastal-zone environments. Available
from the Publications Department, Conservation Foundation,
1717 Massachusetts Avenue, NW, Washington, DC 20036.

48. Coastal Environment Management, prepared by the Con
servation Foundation, 1980. Guidelines for conservation of
resources and protection against storm hazards, including eco
logical descriptions and management suggestions for coastal
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uplands, floodplains, wetlands, banks and bluffs, dunelands,
and beaches. Part 2 presents a complete list of federalagencies
and their authority under the law to regulate coastal-zone ac
tivities. A good reference for planners and persons interested
in good land management. Availablefrom the Superintendent
of Documents, U.S. Government Printing Office, Washing
ton, DC 20402.

49. Natural Hazard Management in Coastal Areas, by G. F.
White and others, 1976. The most recent summary of coastal
hazards along the entire U.S. coast. Discusses adjustments to
such hazards and hazard-related federal policy and programs.
Summarizes hazard management and coastal land-planning
programs in each state. Appendixes include a directory of
agencies, an annotated bibliography, and information on hur
ricanes. An invaluable reference, recommended to developers,
planners, and managers. Available from the Officeof Coastal
Zone Management, National Oceanic and Atmospheric Ad
ministration, 3300 Whitehaven Street, NW, Washington DC
20235.

50. Guidelinesfor Identifying Coastal High Hazard Zones, by
the U.S. Army Corps of Engineers, 1975. Report outlining
such zones with emphasis on "coastal special flood-hazard
areas" (coastal floodplains subject to inundation by hurricane
surge with a 1 percent chance of occurring in any given year).
Provides technical guidelines for conducting uniform flood
insurance studies and outlines methods of obtaining ioo-year

storm-surge elevations. Recommended to island planners.
Available from the Galveston District, U.S. Army Corps of
Engineers, Galveston, TX 77553.

51. Report of Investigation of the Environmental Effects of Pri
vate Water-front Lands, byW. Baradaand W. M. Partington,
1972. An enlightening reference treats the effects of finger
canals on water quality. Available from the Environmental
Information Center, the Rorida Conservation Foundation,
Inc., 935 OrangeAvenue, Winter Park, FL 32789.

52. Know Your Mud, Sand, and Water: A Practical Guide to
Coastal Development, byK.M.Jurgensen, 1976. Apamphlet
describing the various island environments relative to devel
opment. Clearly and simply written. Recommended to island
dwellers. Available from UNC Sea Grant, North Carolina
State University, Box 8065, Raleigh, NC 27695.

Water

53. Your Home Septic System, Success or Failure. Brochure
providing answers to commonly asked questions on home
septic systems. Lists agencies thatsupply information onsep
tic tank installation and operation. Available from UNCSea
Grant, North Carolina State University, Box 8065, Raleigh,
NC 27695.

54. Water Resources Development. Water projects of the U.S.
Army Corps of Engineers in Florida. Available from U.S.
Army Corps of Engineers, Jacksonville, Rorida, 191 pp.



Vegetation

55. Mangroves: A Guidefor Planting andMaintenance, byJohn
Stevely and Larry Rabinowitz, 1982. How to identify, plant,
and maintain mangroves, and why they are important. Avail
able from Sea Grant Marine Advisory Program, University
of Rorida, Gainesville, FL 32611.

56. Dune Restoration andRevegetation Manual, byJack Salmon
and others, 1982. A manual of use to both homeowners and
community officials anywhere in the southeastern United
States. Available from the Sea Grant Marine Advisory Pro
gram, University of Rorida, Gainesville, FL 32611.

57. Stabilization ofBeaches andDunes by Vegetation inFlorida,
byJohn Davis. Guidelines for the useof vegetation in Rorida
nearshore areas. Available from Sea Grant Marine Advisory
Program, University of Rorida, Gainesville, FL 32611.

58. How to Build and Save Beaches and Dunes, by John A.
Jagschitz and Robert C. Wakefield, 1971. Outlines how to
build dunes using brush, snow fencing, or American beach
grass. Most of the discussion pertains to the planting and
careofbeach grass. Available fromRhodeIslandAgricultural
Experiment Station, Woodward Hall, University of Rhode
Island, Kingston, RI 02881, University of Rhode Island Ma
rine Leaflet Series No. 4, 12 pp.

59. Building and Stabilizing Coastal Dunes with Vegetation
(UNC-SG-82-05) and Planting Marsh Grasses for Erosion
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Control (UNC-SG-81-09), by S. W. Broome,W. W. Wood-
house, Jr., and E. D. Seneca, 1982. These publications on
using vegetation as stabilizers are available from UNC Sea
Grant, North Carolina State University, Box 8650, Raleigh,
NC 27695. State publication numberwith your request.

60. The Dune Book: How to Plant Grasses for Dune Stabiliza
tion, by Johanna Seltz, 1976. Brochure outlining the impor
tance of sand dunes and means of stabilizing them through
grass plantings. Available from UNC Sea Grant, North Caro
lina State University, Box 8605, Raleigh NC 27695.

Flood Insurance

61. Questions andAnswers/National Flood Insurance Program,
by the Federal Emergency Management Agency (FEMA),
1983. This pamphlet explains the basics of flood insurance
and provides addresses of FEMA offices. Free from Federal
Emergency Management Agency, Washington, DC 20472.

62. Coastal Flood Hazards and the National Flood Insurance Pro
gram, by H. Crane Miller, 1977. This publicationdescribes in
detail the nature of flood hazards in the coastal zone and the
basic features of the flood insurance program. The third and
most interesting portionof thisarticle is theattempt to assess
the impact that this program has had on those interested in
building in the coastal zone. Availablefrom National Rood In
surance Program, Federal Emergency Management Agency,
Washington, DC 20472, 50 pp.
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63. Entering the Regular Program, No, 3. Intended for use by
community officials during the period when a community
enters the regular Federal Insurance Administration program.
Explains the responsibilities of FEMA and the local commu
nity that must be met to enter the regular program. It includes
a timetable that should be followed. Available from Federal

Emergency Management Agency, Washington, DC 20472.

64. Guide for Ordinance Development, No. ie. A guidebook
designed for use by community officials in preparing flood-
plain management measures that satisfy the minimum stan
dards of the national flood insurance program. It organizes
the program's standards into a simple ordinance and provides
an explanatory narrative. Available from Federal Emergency
Management Agency, Washington, DC 20472.

Building, home Improvement, and repair

65. Elevated Residential Structures, Reducing Flood Damage
Through Building Design: A Guide Manual, prepared by
the Federal Insurance Administration, 1976. An excellent out
line of the flood threat, essential for proper planning and con
struction. Illustrates construction techniques and includes a
glossary, references, and worksheets for estimating building
costs. Order publication 0-222-193 from the Superintendent
of Documents, U.S. Government Printing Office, Washing
ton, DC 20402, or contact an officeof the Federal Emergency
Management Agency.

66. Designand Construction Manualfor Residential Buildings in
Coastal HighHazard Areas, prepared by Damesand Moore
for the Department of Housing and Urban Development on
behalf of the Federal Emergency Management Agency, Fed
eral Insurance Administration, 1981. A guide to the coastal
environment with recommendations on site and structure de
sign relative to the National Flood Insurance Program. The
report includes design considerations, examples, construction
costs, and appendixes on design tables, bracing, design work
sheets, wood preservatives, and a listing of useful references.
The manual is available from the Superintendent of Docu
ments, U.S. Government Printing Office, Washington, DC
20402 (publicationnumber722-978/ 545),orcontactan office
of the Federal Emergency Management Agency.

67. Structural Failures: Modes, Causes, Responsibilities, 1973.
See especially the chapter entitled"Failure of Structures Due
to Extreme Winds," pp. 49-77. Available from the Research
Council on Performance of Structures, American Society of
Civil Engineers, 345 East 47th Street, New York, NY 10017.
Price $4.00.

68. Flood Emergency and Residential Repair Handbook, pre
pared by the National Association of Homebuilders Research
Advisory Board of the National Academy of Science, 1980.
Guide to floodproofing as well as step-by-step cleanup pro
cedures and repairs, including household goods and appli
ances. Available from the Superintendentof Documents, U.S.



Government Printing Office, Washington, DC20402. Order
stock No. 023-000-00552-2 for $3.50.

69. Wind-Resistant Design ConceptsforResidences, byDelbart
B. Ward. Displays with vivid sketches and illustrations con
struction problems and methods tying structures down to the
ground. Considerable text and excellent illustrations devoted
to methods of strengthening residences. Offers recommenda
tions for relatively inexpensive modifications that will increase
the safety of residences subject to severe winds. Chapter 8,
"How to Calculate Wind Forces and Design Wind-Resistant
Structures," should be of particular interest to the designer.
Available asTR83 from theCivil Defense Preparedness Agen
cy, Department of Defense, the Pentagon, Washington DC
20301; or from the Civil Defense Preparedness Agency, 2800
Eastern Boulevard, Baltimore, MD 21220.

70. Hurricane-Resistant Construction for Homes, byT. L. Wal
ton, Jr., 1976. An excellent bookletproduced for residents of
Rorida. Agood summary ofhurricanes, storm surge, damage
assessment, and guidelines for hurricane-resistant construc
tion. Technical concepts on probability and its implications
on home design in hazard areas. A brief summary of fed
eral and local guidelines. Available from Rorida Sea Grant
Publications, Rorida Cooperative Extension Service, Marine
Advisory Program, Coastal Engineering Laboratory, Univer
sityof Rorida, Gainesville, FL 32611.
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71. Hurricane-Resistant Construction for Homes, by Todd L.
Walton, Jr., 1983. Aquicksummary ofconstruction principles
in hurricane-prone areas, withan excellent bibliography. This
Rorida Cooperative Extension Marine Advisory Bulletin is
available from Sea Grant Marine Advisory Program, G022
McCarty Hall, University of Rorida, Gainesville, FL 32611,
31 pp.

72. Houses Can Resist Hurricanes, by the U.S. Forest Service,
1965. An excellent paper with numerous details on construc
tioningeneral. Pole-house construction istreatedinparticular
detail (pp. 28-45). Available as ResearchPaper FPL 33from
ForestProductsLaboratory, ForestService, U.S.Department
of Agriculture, P.O. Box 5130, Madison, WI 53705.

73. Pole House Construction and Pole Building Design. Avail
able from the AmericanWood Preservers Institute, 1651 Old
Meadows Road, McLean, VA 22101.

74. StandardDetailsfor One-Story Concrete Block Residences,
by the Masonry Institute of America. Contains 9 foldout
drawings that illustrate the detailsof constructinga concrete
blockhouse. Principlesofreinforcement and goodconnections
aimed at design for seismic zones but apply to design in
hurricane zones as well. Written for both the layman and
designer. Available as Publication701 from MasonryInstitute
of America,2550Beverly Boulevard, Los Angeles, CA90057.
Price $3.00.
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75. Masonry Design Manual, bythe MasonryInstituteofAmerica.
A 384-page manual that covers all typesof masonryincluding
brick, concrete block, glazed structural units, stone, and ve
neer. Very comprehensive and well presented. Probably of
more interest to the designer than to the layman. Available as
publication 601 from the Masonry Institute of America, 2550
Beverly Boulevard, Los Angeles, CA 90057.

76. Protecting Mobile Homes from High Winds (TR-75), pre
pared by the Civil Defense Preparedness Agency, 1974. An
excellent booklet that outlines methods of tying down mobile
homes and offers means of protection such as positioning and
wind breaks. Publication 1974-0-537-785, available free from
the Superintendent of Documents, U.S. Government Print
ing Office, Washington, DC 20402; or from the U.S. Army,
AG Publications Center, Civil Defense Branch, 2800 Eastern
Boulevard (Middle River), Baltimore, MD 21220.

77. Coastal Design: A Guidefor Builders, Planners, and Home
owners. See entry 3 in this appendix.

78. CoastalConstruction Practices, by Christopher P. Jones and
Leigh T. Johnson. Includes an address list of state and local
agencies involved in regulation of coastal construction. Ma
rine Advisory Publication available from Marine Advisory
Program, University of Rorida, Gainesville, FL 32611.

79. Guidelinesfor Beachfront Construction with Special Refer
ence to the Coastal Construction Setback Line, by Courtland
Collierand others, 1977.The Sea Grant catalog says this pub

lication illustrates criteria for evaluating variances that will
uphold the purpose and philosophy of theCoastal Construc
tion Setback Law whereverconstruction seawardof this line
isjustified. We find this approach distressing because a setback
line canhave noexceptions ifit is to succeed. Atany rate, this
publication canbeobtained from the Marine Advisory Pro
gram, University of Rorida, Gainesville, FL 32611.

80. Building Construction onShoreline Property. Afactsheet on
shoreline construction, available from the Marine Advisory
Program, University of Rorida, Gainesville, FL 32611.

Building codes

81. Coastal Construction Building Code Guidelines, edited by
R. R. Clark, 1980. This excellent volumeisdesigned to serve
as a supplement to the 2 building codes listed below. The
guidelines from Clark's volume are intended tostrengthen the
2 codes to meet structural designconsiderations required by
Section 161.053, Rorida Statutes: Standard Building Code,
1979 edition, available from the Southern Building Code Con
gress, 1116 Brown Marx Building, Birmingham, AL 35203;
and South Florida Building Code (Broward County Edition),
1979, available from Broward County governmental offices.
The guidelines are available as Technical Report No. 80-1,
Division of Beaches and Shores, Rorida Department of
Natural Resources, 3900Commonwealth Blvd., Tallahassee,
FL 32303. A mustfor theconscientious builder.
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Appendix D. Field guide to the beaches of Dade County

The islands of Miami Beach, Virginia Key, and Key Biscayne
are the most southerly of the sand barrier islands along the east
coast of the United States (fig. D-i). The material making up
these islands is a mixture of quartz sand, which has traveled south
by longshore drift from northern Rorida and Georgia, and more
locally derived calcium carbonate grains from the breakdown of
mollusk shells and other marine skeletal remains. In addition,
recent beach nourishment projects have added sands from various
sources that were not naturally part of the beach system.

As this guide was going to press, a number of changes were
taking place in Dade County. The drawbridge on Rickenbacker
Causeway was being replaced by a new high bridge (designed to
make storm evacuation safer). The city of Miami was in the begin
ning stages of developing northern Virginia Key as a recreational
park facility. A large amount of new sand was scheduled to be
pumped up on the beaches of central and southern Key Biscayne
in 1984. And, as noted earlier, Miami Beach recently has been the
site of the largest and most costly beach replenishment project in
American shoreline history.

The guide begins at the entrance to Rickenbacker Causeway
(reached by Interstate 95, exit 1 to Key Biscayne). The tour leads
you out the causeway across Virginia Key to Key Biscayne to visit
natural and developed beaches on this southernmost barrier island.
This portion of the trip could best be enjoyed by bicycle, whether

you pedal in from the causewayentrance or rent bicycles at some
of the stops. The park areas have bicycle paths and numerous
beach accesses. Once the new bridge is completed, bicycle access
from the mainland will be much safer.

The tour next examines the sediment-starved shoreline of Vir
ginia Key, after whichyou willthen return to the mainland, drive
north through Miami, and head out to the south tip of Miami
Beach via the MacArthur Causeway. The massive new renourish-
ment beach of Miami Beach is accessible at numerous points.
Three stops are recommended, includingone at Government Cut
jetty at the south end.

The final stop on the tour is at Bakers Haulover Beach, an area
that has received renourishment several times but which still has
sand generally similar to that originallyfound on Miami Beach.

0.0 Toll booth at the entrance to the Rickenbacker Causeway
(toll $0.75).

Drive out on the Rickenbacker Causeway (which be
comes Crandon Boulevard on Key Biscayne) to Cape
Rorida State Park at the south end of Key Biscayne.

Rickenbacker Causeway was built during and just after
World War II. The fill areas, including much of the road
way on Virginia Key, have restricted watercirculation in
Biscayne Bay. This causeway and five others to the north
have divided northern Biscayne Bayinto a number of sepa-
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kilometers

Fig. D-1. Map oftheMiami area and coastal barrier islands showing locations ofstops for this field trip.
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ratebays. Each of these causeways serves asanevacuation
route for island residents. However, all of them become
impassible during theearly stages ofa hurricane's approach.

2.5 On the left, Planet Ocean, created by the International
Oceanographic Foundation, is an outstanding and enjoy
able place to visit to learnabout our oceans and also our
shorelines. It is well worth your time.

2.8 TheSeaquarium on therighthasan exhilarating display of
marine life.

2.9 Ontheright istheUniversity of Miami's Rosenstiel School
of Marine and Atmospheric Science. It has tours for the
public on Mondays at 1p.m. (There also isa nice cafeteria
on the water.)

On the left are the laboratories of the National Oceanic
and Atmospheric Administration and theTropical Marine
Fisheries Center.

3.0 Take thebridge across Bear Cut, which separates Virginia
Key and Key Biscayne. Bear Cut isa natural tidal inlet that
is noted on maps from the earliest exploration of Rorida
waters. The tidal currents through Bear Cut have shifted
much of Virginia Key's southward-drifting beach sandsea
ward, forming a broad, shallow, underwater sandplatform
seaward of northern Key Biscayne.

3.5 Come onto Key Biscayne. The Australian pines (Casurina)
that dominate this northerntip of Key Biscayne areexotic
trees that rapidly grow on disturbed or filled land—in

this case fill associated with causewayconstruction. These
beautiful trees area great hazard to theinhabitants of Key
Biscayne. They are shallow-rooted and as a consequence
are readily blown over during hurricanes. They will block
passageon and off the island.

5.6 Enter the central one-third ofKey Biscayne, which is resi
dential and commercial.

7.0 Enter Bill Baggs Cape Rorida State Park, which occupies
the southern one-third of Key Biscayne. It is open from
8 a.m. to sundown; the entrance fee is $.50 per person.
Write to thesuperintendent fora waiver of fees foreduca
tionalgroups (Key Biscayne, FL 33149)-

7.8 Turn left into the parking lot and park as soon as possible.
Walk out to the beach.

Stop 1. Natural shoreline with seaoat stabilization, beach
ridges,and controlled access walkways.

In 1950 thebulk of Cape Rorida was filled by a devel
oper to its present elevation by dredging material from the
bay side (fig. D-2). Only the section ofbeach ridges atthis
stop and at an area near the lighthouse remain in their
original natural state (fig. D-3). Hence, the dominance of
Australian pines throughout the park. Prior to filling, this
southern thirdof Key Biscayne was a series of southward-
arching, sandybeachridges that in somecases were sepa
rated by mangroves orsmall ponds (fig. D-2). Each ridge
of sand was once at the tip of the island, clearly showing



that Cape Rorida grew southward.
On the walk out to the beach, you will cross several

beach ridges. These are quite young, having only sea oats
and shrub vegetation. This is one of the few sections of
beach in Dade County that has been building out during the
last 50 years. By coring into these ridges we have learned
that each one was formed during a major storm, and that
sea oats subsequently grew on the ridges and caused some
further growth as they trapped finer sand blown or washed
onto the ridges during lesser storms.

Here as elsewhere sea oats and other coastal vegetation
are important to assure stabilization and preservation of
the beach ridges and dunes. The beach ridges in the park
were severely damaged in areas where foot traffic destroyed
the vegetation. In 1982Cape Rorida park began a program
of restricting access to the beaches by putting up fences to
define walkways. Notice the difference in the beach ridge
elevations at and away from the walkways.

The shrubs of the round-leafed seagrape, the low, crawl
ing vines of the beach peanut and the beach star, and
the other grasses also are important to stabilization of the
ridges.

To encourage recovery of the previously damaged beach
ridges, the park planted 20,000 sea oat plants in 1982 and
1983. As you will seeat the next stop, the park also is begin
ning to construct board walkways across beach ridges, a
program they plan to expand.
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Seaward of the beach is a very broad, shallow, littoral
sand platform on which the seagrass Thalassia flourishes.
Though important to the stabilization of the offshore sands,
the blades wash ashore in great abundance after winter
storms, detracting from the aesthetic quality of the beach
to many beachgoers. The various parks have various ways
of handling this problem. Wisely, park managers of Cape
Florida either do not disturb this seagrass wrack or they
rake it to the edge of the beach ridges as a protection to the
ridge and as shore mulch. This, at the same time, deters
foot traffic in from the beach. Only litter is removed from
the beach. To simply gather the seagrass from the beach
and carry it away also would remove precious beach sand.

The beaches of southeast Rorida differ from those far

ther north (from Palm Beach north) in that the Bahamas
to the east protect the shores from large waves coming in
from the open Atlantic. In addition, certain stretches are
protected by seaward reef ridges near the edge of the con
tinental shelf. These break up larger waves generated in the
Straits of Rorida. Seaward of Key Biscayne, for example,
is a shelf edge ridge rising from the deeper seafloor to a
depth of 9 to 12 feet. In addition, north and south Key
Biscayne have broad, shallow, littoral sand platforms ex
tending about 1 mile seaward of the shore. These further
dampen incoming waveenergy. As a result of the relatively
small waves, the beaches of Key Biscayne are composed of
somewhat finer-grained sand than is present on the more
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Fig. D-2. Aerial photographs from 1945, 1951, and 1972 of Cape Florida,
southern Key Biscayne. Cape Florida Channel, just left of Key Biscayne,

was severely modified in 1950 when dredged to provide fill for nearly the
entire cape area. This fill covered the curving beach ridges that recorded



the natural southward growth history of Key Biscayne (in 1945 photo).

Appendix D. Field guide 235

exposed beaches farther north.
From the beach here you can look north to the developed

part of Key Biscayne, Crandon Park, Fisher Island, and
Miami Beach (the buildings in the distance).

To the south you can see Cape Florida Lighthouse (fig.
D-3), and if you look due south you may be able to see
Soldier Key, the northernmost of the Florida Keys. Soldier
Key is composed of coral limestone—a reef formed some
120,000 years ago during a previous interglacial stage when
sea level was about 22 feet higher than it is at present.

Beach sand that is transported south past Key Biscayne
is mostly carried southeastward across an elongated, shal-
lowly submerged sand ridge that extends south about as far
as the level of Soldier Key. Directly south of Key Biscayne
is a carbonate mud bank cut by numerous tidal channels.
Tidal ebb flow through these channels is responsible for
shifting the southward-drifting beach sand seaward.

It is from this southeastward extending sandbank that
sand was obtained for the Key Biscayne beach nourishment
in 1984. The sand will be spread on the beach from just
north of this stop northward through the park and in front
of the commercial sector.

Return to your car and drive on south through the park
ing lot. Continue on the drive around Cape Florida unless
you want to stop at the lighthouse.

As you drive through the Australian pine forest here you
can see that almost nothing lives on the forest floor except
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Fig. D-3. Cape Florida Lighthouse (1978) with the eroded beach to the
northeast.

the Australian pines. The needles fall off these trees in such
profusion that other growth is stifled. This, combined with
the aforementioned shallow root systems and ease of blow-
over, make this pine a less-than-desirable barrier island
inhabitant.

8-9

The Cape Florida Lighthouse,constructed in 1825, was
active until 1878 when it was replaced by Fowey Rock
light at the shelf edge reef (visible to the southeast about 3
miles distant). The old lighthouse has now been restored,
and together with a replica of the lightkeeper's home is
open for tours.

When constructed, the lighthouse was apparently about
200 feet from the shoreline. Gradual erosion has left the
lighthouse at the water's edge, with only concrete seawalls
protecting it from erosion. The 1984 beach nourishment
program added sand and an erosion control structure near
the lighthouse.

When Cape Florida was filled in 1950 (fig. D-2), the
sediment was dredged from the Cape Florida channel and
from the carbonate mud bars along the southwest side of
Cape Florida, and a seawall was added along the entire
southwestshore.The deep, broad channel producedby this
dredging is a trap for beach sands carried south past the
lighthouse and is a major cause of shore erosion at the
south tip of Key Biscayne.

On the drive beyond the lighthouse you can see "Stilts-
ville" to the south. These are weekend homes built on
pilings alongthe edge of tidalchannels in the mud bar belt.
This area is presently being incorporated into Biscayne
National Park, and by the turn of the century these houses
will be removed.

No Name Harbor. This small harbor has been a refuge



from hurricanes since early explorers first traversed these
waters. In 1982, scoutgroups began planting red mangrove
seedlings in the riprap shore margin.

9.2 Cross the mainpark roadand park in the parkinglot. (The
lot is sometimes closed on weekdays; if so, park along the
roadwayand walk 100yards to the beach.) Walkacross the
clearing to the beach.

Stop 2. Natural beach with boardwalks. This is a somewhat

less used portion of the Cape Rorida beach. In 1983, to
reducestressto the vegetation on the beach ridges, 3 board
walkswereconstructedacross to the beach. At least 3 more
are planned. Very shortly visitors should be able to com
pare the influence of vegetation here with the areas to the
south where boardwalks are absent.

From here north, beach fill was added in 1984. From
here south, the shoreline has been stable or building out
duringthe past 100 years, but there hasbeenless build-up
recently than at Stop 1.

Leavethe parking lot and turn right (north) on the main
park road toward the exit.

9.8 On the left,just beyondthe park exit, is Pines Canal. This is
an artificial canal constructed about 1920. It briefly sepa
rated Cape Rorida from the rest of KeyBiscayne, but since
therewereno significant jettiesconstructed, it quickly filled
in on the beachsidewithsand carried in by longshore drift.

On the right, the Towers of Key Biscayne Condominium
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was built on a "compacted sand foundation" on the filled
portion of the canal. The beach has a small bulge here
(probably caused by the filling of Pines Canal) giving a
false senseof beach protection. The seawall (also the front
of the more seaward building) lines up with the beach
shoreline to the north and south.

10.2 Turn right on Seaview Drive.

104 Stop at the corner of Seaview Driveand Ocean Drive.The
largebuildingin front of you, the 26-story Casadel Mar, in
contrast to the Towers of Key Biscayne, is built on deep
pilings and has a massive, sloping seawall whose founda
tion is supposed to extend 30 feet below sea level (lime
stone bedrock begins at about 20 feet). The purpose of
deep pilings is to help the building survive a big storm if
the beach erodes right out from under the foundation.

There is theoretically a public access just to the left
(north) of the Casa del Mar entrance. The gate is usually
locked.

104 Turn left on Ocean Drive.

10.5 Key Biscayne Hotel and Villas was constructed in 1952.
When first built, it had more than 100feet of beach in front
of the presentseawall. Thisbeach lost more than 25 feetof
shoreline in Hurricane Donna (i960), another 25 feet dur
ing Hurricane Betsy (1965), and has had minor erosion
since. There has been little to no beach since 1965 (fig.
D-4).
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1 >

Fig. D-4. View along the seawall of the Key Biscayne Hotel during a
winter storm in January, 1982. Note how the seawalls completely reflect
incoming waves. This tends to move what sand is near the shore back
seaward off the beach. Hence seawalls, while protecting basic structures
built close to the beach, tend to destroy the beach. Of course the beach
was the reason the buildings were built there to begin with.

{Note: Public beach access onthe commercial section of
Key Biscayne is presently poor butmay improve somewhat
after the 1984 nourishment project. Good public access is
required because tax money will pay partofthe replenish
ment bill. The various hotels offer good access to the shore
and are, of course, open to the public for drinksand meals.
This guide does not suggest that hotels offer public beach
access for individuals or large groups.)

10.6 Key Biscayne Beach Club. There is another theoretical
public beach access to the left of the entry drive.

By October 1983 the seawalled properties to the north
and south of the Key Biscayne Beach Club had no beach
even at low water. The beach at the club had eroded back
to a naturally cemented layer containing mangrove roots.

10.7 Turn left on Galen Drive.

11.0 Turn right (north) on Crandon Boulevard.

11.3 Turn right on East Drive. The older homes in the devel
opment on the right are mostly low and were severely in
undated during Hurricane Betsy (1965)- Federal flood in
surance regulations now require first-floor elevations to be
10 feet above mean sea level on the east side of Crandon
Boulevard and 9 feet on the west side.

11.7 Turn right on Ocean Drive.

Sfop 3. Developed shoreline of Key Biscayne. You have 2
choices here: (a) Turn left into SilverSandsand Sand Bar
Restaurant. Park and walk up the stairs to the bar over-



looking the beach where there is a nice view of the beach
system; (b) or park at Sonesta Beach Hotel and walk
through the main entrance to the beach at the back.

The Silver Sands, built prior to Hurricane Betsy, was
damaged and the seaward part of the structure undermined
by both that storm and Hurricane Inez a year later (1966).
Figure D-5 shows conditions along this shore during a
winter storm.

The Sonesta Beach Hotel was built following these
storms. The hotel is set back from the beach (as it is prior
to renourishment) about the same distance that the now
beachless villas of the Key Biscayne Hotel were when first
constructed more than 30 years ago.

The effective beach was more than 100 feet wide at the

Sonesta (prior to the 1984 renourishment). However, the
beach isseverely eroding at present—not laterally but verti
cally. The beach ridges that used to be here were stripped
of vegetation as recreational use increased, and the beach
ridges and back-beach area have had over 2 feet of lower
ing, or vertical erosion. This can be seen by the exposed
roots of the palms extending about 2 feet above the sand
surface. The heavily used portions of Crandon Park to the
north display similar vertical erosion.

This vertical erosion means that there is less volume of

sand present to act as a buffer to storm erosion. Storm
waves also will more easily overtop the now lower beach.
This shoreline may thus severely erode laterally during the
next significant hurricane.
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Fig. D-5. Seagrass wrack along the beach at the Sonesta Beach Hotel
during a winter storm.
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Looking north, you can see Crandon Park beyond the
condominiums. Sand pushed by the tides through Bear Cut
at the north end of Key Biscayne has formed a permanent
offshore bar. This bar is about i mile offshore at the north

end of Key Biscayne, and southward it angles toward the
shore.

You can see this bar just offshore by the Silver Sands and
Sonesta. It joins the shore just north of the Key Biscayne
Beach Club. If there is an onshore wind, the waves will be
breaking on it. This essentially is a permanent feature that
protects the adjacent beaches from some of the offshore
wave energy.

Disturbance of this bar by dredging off northern Key
Biscayne in 1969 caused large volumes of sand to drift
south. This drifting sand may eventually provide a "natural"
pulse of beach nourishment on the commercial sector of
Key Biscayne.

Return to Crandon Boulevard.

12.1 Turn right (north) on Crandon Boulevard.

13.1 Turn right into Crandon Park just beyond the police sta
tion and park in the lot (entrance fee $1.00). Walk out to
the beach at the north end of parking lot #1.

Stop 4. Crandon Park Beach. To the south of the loop walk
with the curved seawall, the beach is very broad. This is
partly because the seawall is set well back from the shore
and partly because the offshore sandbar in about 1975

moved onshore here. Prior to that time the offshore bar was
separated from the beach bya trough 50to 200 feet wide
and 10 to 12 feet deep.

The heavy recreational use, uncontrolled flow of pedes
trian traffic, and use of heavy equipment on the shore
preventeffective vegetation fromstabilizing theback-beach
area. Again, the exposedrootsof palmtreesare an indica
tion ofthe vertical erosion, or beach lowering, that has taken
placein portions of the beach and thegrassed picnic areas
behind (seen to the north of the loop).

In 1969 a small amount of sand was pumped onto the
beach from the north end of Key Biscaynesouth to the north
end of the parking lot. The source for this sand was a
"borrow" area 1,500feet offshore(insideofan offshoresand
ridge) on a seagrass-stabilized portion of the nearshore
platform. Both the sand put on the beach and the sand
exposed offshore by the dredging were quite fine-grained
(having beentrappedandstabilized therebytheseagrasses).
Most of this nourishment is now gone, and the offshore
borrow pitbecame quitedynamic forabout10years. Break
ing waves actually eroded the inner margin of the borrow
pit, and thesandreleased spread bothshoreward (smother
ingotherextensive areasofseagrass) andsouthward parallel
to the offshore ridge. The area is gradually restabilizing as
the seagrass comes back.

One of the reasons that the portion of Crandon Park
north of the loop has been eroding is that, in conjunction



with development of the park in the early 1950s, an elon
gated trench was dredged just offshore from the beach.
Extending from just north of the loop to just north of the
northernmost parking lot, this trench has an uncertain pur
pose. Perhaps it was to provide fill for the parking areas.
Whatever, it has not only been the site of numerous un
fortunate drownings over the years but also a sink for
sand shifting southward along the coast. The trench is now
largely filled.

The absence of vegetation-stabilized beach ridges in the
developed part of Crandon Park leads to the landward loss
of a great amount of sand by wind. If appropriate dune
vegetation was present, this sand would be trapped and
would build up the dunes.

As this park is a major beach recreation area for the
county, the park managers attempt to keep it free of sea
grass wrack. A large scraper-loader moves up the beach
scraping the wrack (and some sand). In the past they have
dug a trench along the base of the seaward-most dune
(north of the parking lots) to deposit the material so it can
decay. The sand was then returned to the beach. This served
two purposes. It cleaned the beach without removing sand
from the system, and the trench minimized the landward
loss of sand from the beach zone. Unfortunately, on my last
trip to the dump (which is on the west side of Crandon
Boulevard) I noticed large mounds of seagrass wrack and
sand there—a quite permanent lossof sand from the system.

150
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If you feel adventurous, the walk to the north tip of the
island is pleasant and normally much less peopled than near
the parking lots. At the north end of the island is a rocky
intertidal platform. It is actually an exposure of the 2 oldest
beach ridges on Key Biscayne (formed about 3,000 years
ago) that were subsequently partly inundated by later sea-
level rise. As black mangroves colonized the area (about
2,000 years ago), their roots penetrated the former beach
ridges. With time, the roots were fossilized and became
quite hard on exposure. These cemented beach ridges are
very important to the stability of northern Key Biscayne.
The area appears erosional, but comparison with surveys
made in 1770 indicates that there has been very little long-
term erosion of this rocky platform.

Return to Crandon Boulevard. (Mileage includes a 0.5-
mile circuit in Crandon Park; adjust if necessary.) Continue
north.

Marina and Bear Cut Beach. If you wish to visit Bear Cut
Beach, park in the Marina on the left and carefully cross
the causeway. The north tip of Key Biscayne also can be
reached by walking along the shore from this side. Much
of the shore is an eroding forest of red and black man
groves, capped by a thin beach ridge.

Continue driving across Bear Cut Bridge. Bear Cut has
been here a long time. It is shown on a 1520 map.

The beaches on both sides of Bear Cut are officially
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closed to swimming. Strong tidal currents and sharp drop
offs cause numerous drownings each year.

The city of Miami has acquired much of the shorelineof
Virginia Keyand is developingit as a waterfront park area.
Much of the area is presently closed except on weekends.

15.9 Turn right on "Sewer Beach Road." This city of Miami,
Virginia Key Park is presently open from 8 a.m. to 8 p.m.
This, together with the name of the road, is likely to change.

The area along the left side of the road was a major
county dump and landfill until the late 1970s. It is now
being colonized by Australian pines.

17.4 Turn right (carefully) on the dirt road that leads to the
beach. Stop at the shore.

Stop 5. Virginia KeyBeach. In 1952 the raw sewage that was
seriously damaging Biscayne Bay was abruptly diverted
through a new sewagetreatment plant on Virginia Keyand
then released at an outfall about 1 mile seaward. The large
green structure just to the north is a pumping station. The
outfall pipe has recently been extended to beyond the shelf
edge and sewage is now released in the Straits of Rorida.

Prior to the hurricane of 1835, the island of Virginia Key
was connected to Miami Beach to the north. After forma
tion, the inlet (Norris Cut) remained narrow and shallow
through the mid-1960s.

Tothe north youcan seeFisher Islandand MiamiBeach.
Fisher Island was created in 1905 when the narrow southern

spit of Miami Beach was severed with the dredging of
Government Cut. As jetties were extended seaward of the
cut to prevent it from being filled by the longshore drift
of beach sand from Miami Beach, the areas to the south
became sediment-starved. The granite rubble jetties are
visible extending seaward from Fisher Island and Miami
Beach. The northern jettyextendsabout 1 mileseaward of
the beach.

Since about 1912 essentially no beach sand has come
south past Government Cut. Prior to that time about
100,000 cubic yards of sandperyearwereprobably drifting
south. That means the beaches south of Government Cut
have been deprived of about7 million cubic yards of sand
over the last 70 years. This sediment starvation has had a
severe negative impacton the shorelines of Fisher Island,
Virginia Key, and northern Key Biscayne (fig. D-6).

During the development boomin the 1920s Carl Fisher
placed extensive fill on the back side of his Fisher Island
property with the dream that it would become the deep
water port of Miami. Thatdream died with the hurricane
of 1926. The original natural beach on theseaward side is
completely eroded away, and thebeach iscomposed ofCarl
Fisher's rubble fill.

Norris Cut has been almost completelyflushed of sand,
much of it being swept into deep-dredge channels within
the bay or ontothe shallow flats behind northern Virginia
Key.



Fig. D-6. Shoreline changes of southern Miami Beach, Fisher Island, and
northern Virginia Key between 1848 and 1972. This view was taken before
beach fill was added to Virginia Key or Miami Beach.

Appendix D. Field guide 243

An area of shallow, littoral sand seaward of the beach
at this stop was once extensively carpeted with seagrasses.
Sediment starvation caused the loss of most of this seagrass-
covered bottom, resulted in rapid deepening of the offshore
area, and left the beach exposed to greater wave energy
(fig. D-7).

As a result, the beach on northern Virginia Key has
eroded by more than 300 feet. The granite groins visible
here were installed in 1973 prior to a major renourishment
program on 2.1 miles ofbeach. This innovative project took
fossil quartz beach sand being dredged as a part of a
Government Cut deepening project and placed it along the
northern and central portions of Virginia Key, completely
burying the groins. This was innovative because it killed
two birds with one stone. The channel was dredged, and
the beach was replaced, both in the same operation. At that
time the shoreline along this entire portion had cut back
essentially to the treeline. As you can see at the northern
and southern ends, the sand is again essentially gone. Some
sand remains in the central area.

As the offshore sand reservoir and protection has been
largely depleted, the future of Virginia Key's beach is not
bright. Though not a developed shoreline, this is of special
concern because the major sewage treatment facility lies
only a few hundred yards inland.

The north end of Virginia Key, in from the shore edge,
has received several episodes of fill during Government
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miles

Fig. D-7. Maps showing theloss ofseagrass (black in color) ontheshallow shelf seaward ofthebeach onVirginia Key. Percentage ofcover with
respect to 1945 conditions is noted. This loss iscaused bythe cutting offofthe sand supply byjettiesat Government Cut.



Cut deepeningprograms.Though someof this fill has been
trucked to other sites, this area has the highest land eleva
tions in Dade County.

Return to the Rickenbacker Causeway.

19.2 Turn right (west) on the Rickenbacker Causeway. Con
tinueoffthe causeway. Stay in the right lane to follow the
exit to I-95 North.

21.8 Exit to 1-95 North.

24.2 Take right exit to I-395 to Miami Beach.

25.5 MacArthur Causeway; continue.
Aftercrossingthedrawbridge, youare on WatsonIsland,

a fill island.Chalks International Airline,the world'soldest
commercialairline, operates seaplanesto the Bahamas from
here.

Totherightis Dodge Island, Miami's portand theport
for a number of cruise ships.

To the left is Venetian Causeway, the oldest causeway
across Biscayne Bay. During the 1926 hurricane the winds
suddenly went calm, and many people drove out the cause
way to see the damage to Miami Beach. As the calm eye of
the storm passed, more than 100 people were trapped and
drowned on the causeway by rising water.

All of the causeways and residential and industrial is
lands in the Bayare artificial. Most were filled in the early
1920s. However, the eastern part of Dodge Island was filled
to its present configuration in the early 1980s. The fill on
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some of the older islands has compacted, and because of
the leeward elevations these islands are partially inundated
by exceptional spring tides.

Just to the right of the roadway is Government Cut. It
was recently dredged to a depth of 42 feet to accommodate
the cruise ship SS Norway.

As you cross the bridge at the east end of the causeway,
you can see Fisher Island to the right. The red-tile roofed
buildings are the old U.S. Quarantine Station, now used as
a marine geology station by the University of Miami.

28.9 Come on to Miami Beach. Continue east on 5th Street.

29.5 Turn right (south on Ocean Drive).

30.0 At the end of the road, park and walk out to the beach
south of the pier.

Stop 6. South Miami Beach and Government Cut. Walk

south to the jetty at the north side of Government Cut. On
the way down you may see the sign:

Beach Erosion Control and

Hurricane Protection Project
Protection Jetty Sand Tightening Project

Beach Erosion Control Project
U.S. Army Corps of Engineers

Though a wide, renourished beach provides protection
from total beach erosion during a hurricane, it does not
provide protection from flooding. A common misconcep-
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tion is that beach renourishment will provide complete pro
tection from hurricanes. As we will see, the big artificial
berm (the ridge on the inner beach) may actually cause
increased flooding. The "protection jetty sand tightening
project" means that the spaces between the rubble making
up the jetty are being filled with sand and rubble so sand
cannot wash through into Government Cut.

There is a small dune near the jetty, west of the new fill,
where one can see what the old, natural beach material
looked like. It is a tannish sand composed of quartz and
polished shell fragments, quite coarse.

Government Cut was cut in 1905 and had to be dredged
repeatedly to remove sand that was filling it in. This re
placed Cape Florida channel as the main access to Biscayne
Bay. Government Cut was generally useless until 1912
when jetties were completed on the north and south sides
of the cut. Several phases of redredging, deepening, and
extending the jetties have brought Government Cut to its
final form.

The cut and jetties have formed a nearly complete block
to the southern drift of shore sand since 1912. Much of this
southward-drifting sand backed up against the north jetty,
producing a broad beach that extended north to about 13th
Street (figs. D-8 and D-9). Some sand was diverted sea
ward, shallowing the offshore zone in this area.

From the jetty you can look south to Fisher Island. As
noted earlier, the present beach on Fisher Island is rubble

Fig. D-8. Oblique aerial view (1972) looking south across south Miami
Beach, Government Cut, Fisher Island, Norris Cut, Virginia Key, Bear
Cut, and a part of Key Biscayne (top left). Notethe sand buildupagainst
the jetty at Miami Beach.

fill retreatingat several feet per year. To thesouth,youcan
see Virginia Key and Key Biscayne. Note the erosional off
set of Fisher Island and Virginia Key. Remember that
Fisher Island once formed a continuous, straight-line beach
with Miami Beach (fig. D-6). Beyond youcan see the three



Fig. D-9. Oblique aerial view north from the south end of Miami Beach in
1978, prior to the major beach widening project.
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sections of Key Biscayne.
This southern end of Miami Beach has received 2 phases

of beach fill. The first took place as a part of the Govern
ment Cut deepening program. This sand contained an
abundance of limestone and coral rubble. The contract for

filling stipulated that all grains larger than 12 inches across
were to be screened out!

This minor project has been overshadowed by the mas
sive $68 million project that widened the beach some 300
feet for the entire length of Miami Beach (fig. D-10). In
cluded in this project is an artificial berm about 11 feet in
elevation along the inner portion of the beach fill. This
project was begun in 1979 and completed in 1981,working
from north to south. This project is, thus, only recently
finished, and the waves are now "adjusting" the beach
profile.

As there was no suitable volume of natural beach sand

for this project, an offshore sediment was selected. In from
the edge of the platform, the fossil limestone forms a series
of submerged linear ridges paralleling the shore.The lime
stone surface dips down to more than 50 feet below sea
level between these ridges, and these elongated depressions
are largely filled with a calcareous sand. This sand between
the ridges was dredged for the beach fill.

Though approved as a beach sand, this sediment con
tains very few characteristics of a natural beach sand. More
than 30 percent of the sand is sufficiently fine-grained that
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Fig. D-10. Oblique aerial view north along Miami Beach in May 1980,
just after the major beach fill. Note the murky water just seaward of the
new beach.

it tends to readily move in suspension. Many of the coarser
grains that were presumed suitable for a beach environ
ment are either very porous and have a very low effective
density in water or are thin, platy grains that move much
more easily than the robust shelland sphericalquartz grains
of the preexisting beach. Much of the larger calcareous
material is delicate and highly susceptible to fracture break
age when placed in the surf zone.

If there is an onshore wind and waves, the water will
probably appear quite murky, a problem rarely observed
before nourishment. This fine calcareous mud in suspension
was partly in the beach fill and is partly produced by the
rapid breakage of the coarser grains in the surf zone.

Near the jetty you may see some large piles of coral
rubble. The beach fill contained significant amounts of
limestone rubble either as coral heads scattered through the
sands or as limestone pieces sucked in when the dredge
slipped a bit. Initial reprofilingand erosion of the beach fill
by natural processes concentrated these in the swash zone.
A rock removal and crushing program costing more than
$i million, thus, had to be added.

The need for beach nourishment in the southern por
tion of Miami Beach began with the hurricane of 1926.
In the early 1920s Miami and Miami Beach were rapidly
developing. Resorts were built too near the water's edge.
Then the storm struck. The following description is from
P. W. Harlem, Aerial Photographic Interpretation of the



Historical Changes in Northern Biscayne Bay, Florida:
1925 to 1976 (University of Miami Sea Grant Technical
Bulletin 40,1976).

The 1926hurricane of September 14-22 advanced on
South Florida at a rate of over 18miles per hour until
the 17th when it crossed the coast at Miami and slowed
down to 11 milesper hour (Mitchell, 1927). The eye of
the storm passed over Miami and Homestead at 6:45
on the morning of the 18th, passing just to the south
of Little River. Winds, reported by tie local weather
bureau, were 8 miles per hour the evening before, 57
miles per hour at 1:50 a.m. on the 18th, and had
peaked at about 115 miles per hour (indicated) from
the northeast at 5:00 a.m. when the instrument was
blown into the street. An hour and one-half later, as
the eye passed, the wind was variable at 10 miles per
hour. Most of the 242 deaths attributed to this storm
occurred after the eye passed as people were caught
unprotected on the streets and causeways. At least one
hundred million dollars of property damage was in
curred in a period of hours. Between Ft. Lauderdale
and Miami 4,725 homes were destroyed and another
9,100 damaged. The highest storm tide along Miami
and Miami Beach bayshores coincided with the second
phase of the storm, after the eye passed, as the 120
milesper hour plus wind changed direction to the east
and southeast. Besides inundating the city of Miami

Appendix D. Field guide 249

Beach, a tidal surge in the Miami River wrecked large
numbers of boats put there for safe anchorage. The
storm tide in the Miami Canal at Hialeah reached

3 m (10 feet). Storm tides of 2.3 m (7.5 feet) occurred
north of MacArthur Causeway, 3.6 m (11.7 feet) at the
Miami River mouth and 3.3 m (10.6 feet) at Miami
Beach, both south of the causeway.

This marked the end of the first development boom of
Miami and Miami Beach. Though there was severe dam
age, some of the shorefront hotels survived. The beach,
however, had eroded, leaving some of the hotels partly
in the water and many with waves washing against their
walls. Wooden groins were constructed in an attempt to
bring some of the sand back to the beach.

Though Miami Beach got off to a poor start because
structures were built too near the beach, there has really
been very little subsequent erosion. The massive beach
nourishment project just completed was, for the southern
portion of Miami Beach, an attempt to solve a problem
created 55 years earlier. The problem is the same one we
see developing in many areas of South Florida today—
construction too close to the beach.

As you walk back to your vehicle, note the old South
Beach "fishing pier" now (in 1984at least) mostly extend
ing across the new beach fill.

Drive north on Ocean Drive. As you drive from the south
to the north end of Miami Beach, you will progress from
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the earliest developments to areas built up only in the
late 1970s.

30.4 Public park.
At 15th Street there was no beach prior to renourish

ment, and for several blocks north and south the shore
consisted of vertical seawalls (fig. D-u). Incoming waves
reflected back offshore, creating a permanent offshore bar
inhibiting shoreward movement of sand.

31.3 Jog left one block at 15th Street and continue north on
Collins Avenue.

Following major hurricanes, Collins Avenue and the first
floor of many hotels were commonly filled with sand. This
was bulldozed back to the beach. There have been no hur

ricanes since 1966 (none since beach nourishment), so the
response of the new beach fill has not yet been tested.

32.0 Public access and parking at 21st Street.
At 24th Street we join Indian Creek, the remnant of a

tidal inlet that opened near 70th street in the mid-i8oos.
The inlet migrates south because of southward-drifting
longshore sand transport. It was sealed off by natural proc
esses in 1820.

32.9 Public access and parking at 34th Street.

33.0 Public access and promenade at 35th Street.

33-5 Jog left around the Fontainebleau Hotel. You are again
riding along Indian Creek.

Fig. D-11. Oblique aerial photograph of Bakers Haulover Cut following
the 1926 hurricane. The cut had been opened only the year before. A
portion ofthe bridge survived; the restofthecutand theaccess roadway
were destroyed. In the foreground note the flattened mangrove trees at
the north end of Miami Beach. Near the top of the photograph the man
grove trees are upright but defoliated. Source: Peter W. Harlem, Aerial
Photographic Interpretation of the Historical Changes in Northern Bis
cayne Bay, Florida: 1925-1976, University of Miami Sea Grant Technical
Bulletin No. 40(1979).



33.8 Public access and parking.
As the road moves away from Indian Creek and into a

canyon of condominiums, one can consider some of the
alternatives for Miami Beach. This area was only recently
developed. There was a significant beach here prior to
beach fill.

There is presently a lot of very wide beach. If this beach
is washed away in the future, is it worth renourishing for
recreational or economic reasons? Who should bear the

cost? Should nourishment projects be small but with good-
quality sand, or large with mediocre fill (such as this one)?
What would happen when an area with this extent of de
velopment is not nourished to prevent undermining? As
more and more beach areas in Florida lose their beaches,
where will all the money come for replenishment at $i
million to $6 million per mile?

35.7 Public access and parking.

36.4 Public access at North Shore Community Center. Parking
is across the street.

36.8 Between 79th and 87th streets is a section of shoreline that
was converted from private homes to a public park as a
part of the recent beach nourishment program.

Stop 7. Park to the left in the lot or along the street at 81st
or 82nd streets. Walk across Collins Avenue and over one

of the boardwalks to the beach.

Near the foot of the boardwalk you may be able to see
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the brownish quartz and calcareous sand of the old natural
beach. The quartz is medium to fine in grain; the grain
of the rounded, calcareous shell fragments is medium to
coarse.

Beyond is the new beach. Standing here shortly after the
new fill had been added, I heard a proud, elderly gentlemen
proclaim to his out-of-town visitors, "Isn't it wonderful—
but my God it is hard on the feet!"

In October 1983 there was a total width of 300 feet of
new beach fill here, 85 feet of which was the wave-swash
zone of the beach. This section of beach is about 3 years
older than that seen at the south end of Miami Beach. It

has had a bit more time to reprofile and erode.
Laboratory analyses of the fill by the author suggest that

only about 30 percent of the fill is suitable for beach sand.
The sheer volume of sediment, however, will take time to
rework.

As you walk across the new beach to the water, note the
"hurricane" berm. As mentioned earlier, aspects of beach
nourishment projects are commonly advertised as providing
protection against hurricanes. The one protection that is
provided is volumes of sand between a structure and most
wave action.

The 11 -foot-high berm is commonly noted as a hurricane
protection element. Yes, so long as it is preserved, it will
prevent moderate storms, waves, and surges from over
topping it from the seaward side. No, it will not prevent
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flooding on the bay side of the berm. In fact, it may even
cause worse flooding on the island. Water pushed north in
Biscayne Bay by a storm will have nowhere to exit except
Bakers Haulover. Water may build up in northern Biscayne
Bay,seriously flooding the island. In other words, the berm
may act like a dam for the storm waters trying to escape
from the bay.

In the Great Labor Day Hurricane of 1935, Elliot Key, a
coral limestone island forming the southern seaward bound
ary to Biscayne Bay, was severely flooded for more than
5 hours by waters piled up in southern Biscayne Bay. The
elongated Marathon Key, in the middle Florida Keys, also
is commonly flooded by hurricane surges piled up on 1 side
of the island. In contrast, small Pigeon Key just to the west
is generally not flooded by hurricanes. Water easily flows
around it.

This problem may be compounded in hurricanes with
strong rainfall which will increase the volume of water that
must escape the bay. Along most of the U.S. East Coast,
evidence that indicates that inlets are formed and main

tained by water rushing back to the sea after a storm has
passed. The opening of Norris Cut in 1835, for example,
appears to have been from the bay side. Freshwater build
up may be important.

At this location the coarser sand you see at the surface
of the fill is what has been concentrated by the action of
the wind in removing the finer grains. Quartz grains, the

major constituent of the original natural beach, make up
only a small portion of the new beach.

This presently broad beach has only existed for a few
years. You might wonder what will happen to this broad
back-beach area in the future. Will it become covered with
vegetation (seaoats, sandspurs)?Will rainwateractingon
the surface cause the calcareous material of the broad back
beach to dissolve or become cemented?

Note that the lifeguard stands are on skids so they can
be moved to adjust for future erosion.

Return to your car; continue north on Collins Avenue.

384 96th Street, Bal Harbor Shopping Center; continue north.

39.0 Bakers Haulover Bridge. Bakers Haulover prior to 1925
was a narrow zone of the beach where small fishing boats
could be pulled across into and out of northern Biscayne
Bay. There wereno inletsfor a considerable distance to the
north or south. Bakers Haulover was cut through in 1925. It
is unclear whether it wascut to relieve pollution in northern
Biscayne Bay or to provide boat access between the bay
and offshore. A bridgeacrossthe cut also wasput in at this
time.

As shown in the photograph (fig. D-i 1), the hurricane
of 1926had devastatingeffects on this area, leaving a por
tion of the bridge but washing out the roadway accesses
and severely eroding the shoreline adjacent to the inlet.
Much of the sand was swept into the bay.



Following the hurricane, the bridge was rebuilt and a
series of groins were installed on the beach north of Bakers
Haulover.

This inlet is like most of the other inlets along Florida's
east coast, which are artificially created or artificially main
tained. Longshore-drifting sand sucked into the inlets by
flood tides (fig. D-12) or swept seaward by ebb tides is the
major cause for loss of beach sand and hence accentuated
beach erosion.

Just bayward of Bakers Haulover is the Intracoastal
Waterway. Repeated dredging is necessary to keep the
growing flood-tidal delta (the body of sand swept into the
bay by flood tide) from blocking the waterway.

39.6 Just north of the bridge, turn right to Haulover Beach and
park in the lot (there may be a Si.00 fee). Walk to the
beach.

Stop 8. Haulover Beach. This beach has been renourished
several times since 1926. In some cases the sand has been
derived from the dredging that maintains the Intracoastal
Waterway; in others, more costly offshore material was
used.

Nonetheless, the size and composition of the sand on the
beach is similar to that which naturally occurred on both
this beach and Miami Beach.

During the winter season you may see the waves break
ing on an offshore bar. This bar is seasonal and forms as
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Fig. D-12. Oblique aerial photograph of Bakers Haulover Cut in August
1935 showing the beach sand that has been swept into Biscayne Bay
through the inlet to form a fan-shaped tidal delta. Active lobes of sand
(light in color) are encroaching into the dredged Intercoastal Waterway.
Darker areas (arrows) are areas of stailization by seagrasses and algae.
Source: Peter W. Harlem, Aerial Photographic Interpretation of the His
torical Changes in Northern Biscayne Bay, Florida: 1925-1976, University
of Miami Sea Grant Technical Bulletin No. 40 (1979).
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the stronger waves from winter storms transfer some sand
from the shore seaward. This sand will move back to the
beach during smaller waveconditionsof the late spring and
summer. This annual beach cycle including an apparent
narrowing of the beach during the winter is an important,
natural part of beach dynamics. Too often, development
activities have ignored the natural dynamics of beaches
when building in the shore zone.

If you have a mask and snorkel, the beach north of the
fishing pier is usually an excellent spot to enjoy first-hand
the dynamic shore zone.

End of trip. We hope it was both enjoyable and enlight
ening.

In summary, the beaches of Dade County vary from extremely
intense development (all of Miami Beach and the central part of
Key Biscayne)to undeveloped shorelines that are sites of moderate
to intense recreational activity. Historical erosion rates are very
minor. Had it not been for man's activities, there would be only
minor shore erosion problems today. Unfortunately, man's mis
guided influences on the shore, such as construction of walls and
groins and the dredging of channels, have increased over the years
to the point that nearly the entire shore system is being adversely
affected. In an attempt to counteract the resulting problems, minor
to massive beach renourishment programs have been carried out.
The success of the massive Miami Beach program (that is, how
long will the beach stay in place, and will it help or hinder the

community in a hurricane) remains to be seen. In other areas
(Fisher Island,Virginia Key, northern Key Biscayne) the resultant
problems along the shoreline have not really beenaddressed.

The next 20 years will be a time during which the citizens of
Dade County will have to makesome hard choices, especially if
recent predictions of rising sea levelare realized.
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slabs, 202
walls, 192, 193, 195

continental shelf, 29, 37-38
coquinas, 77, 94. See also shells
Coquina Gables, 77
coral, 37-39,149. 152-53
Corps of Engineers. See United States, Army Corps

of Engineers
Crandon Park, 235
Crescent Beach, 76, 78, 87
currents, longshore, 28, 42,46

Dade County, 139, 143-49, 230-54 passim
Dania, 142
Davis Shores, 86
Daytona Beach, 22, 23, 28, 35, 88, 94, 98
Daytona Beach Shores, 84, 98
Deerfield Beach, 133
Delray Beach, 22, 124, 126, 132-34
deltas, 21
disaster assistance, 164, 213
Disaster Preparedness Act (Rorida), 164
Disaster Relief Act (1974, Federal), 164
dredging and filling, 21,45,114,133,247-48
Dry Tortugas, 149
dunes, 25, 60, 70, no, 233. See also county-by-county

analyses, chap. 4
Duval County, 67, 70-75

Eau Gallie, 67, 70-75
elevations, 58-59, 70, 155, 159
endangered species, 173-74. See also turtles
engineering. Seeshoreline engineering andstructural

engineering
Environmental Protection Agency, 16
erosion. See also county-by-county analyses, chap. 4

causes, 29-31, 52-55, 106
information on, 209-10
rates, 61,132, 133

estuaries. See marsh
evacuation, 59-60,163, 213. See also floods and tides

from specificcounties, 67, 75, 79. 106, in, 114-15.
132, 137-38,144, >46, 153-55

Everglades National Park, 151

Federal Emergency Management Agency (FEMA), 4,
95, 158-63,177

Fernandina Beach, 14, 22, 35,64,67-68
finger canals, 62-64,*°7- Seealsocounty-by-county

analyses, chap. 4
Fisher Island, 148,235, 242-43, 245, 246, 254
flood insurance

eligibility, 162
ineligible areas, 157
information on, 225
National Flood Insurance Program, 158-63
policies in effect, 160

floods and flooding, 32,48, 78, 95,155, 158-63, 181.
See also evacuation; storm surge; and tides

Florida Bay, 151,153
Florida

Air and Water Pollution Control Act, 166
Environmental Land and Water Management Act

(1972), 165-66

Department of Environmental Regulation (DER),
166

Department of Natural Resources (DNR), 168,
170-71

Department of Health and Rehabilitative Services
(DHRS), 167

legislation on coastal management, 164-74
Floridana Beach, 94, 106, 109
forests, maritime, 25. See also county-by-county

analyses, chap. 4
Fort Clinch State Park, 68
Fort George Inlet, 70, 72
Fort Lauderdale, 22, 35, 37, 249
Fort Pierce Inlet, 114, 117-18
Fort Pierce State Recreation Area, 117
Frank, Neil, 4

geologyof the shoreline
Anastasia formation, 77
cuspate forelands, 93
Key Largo limestone, 149
Miami oolite, 149
quartz, 22

Golden Beach, 139. '43
Government Cut, 139, 148, 245-52
Great White Heron Wildlife Refuge, 150
groins, 20,42,43-45. Seealsocounty-by-county

analyses, chap. 4
groundwater,64, 168
Guano Island, 70

Halifax Estates, 84,99
Hallandale Beach, 49, 133
hammock, tropical, 153
Harbor Heights, 140-41



Haulover Beach, 143, 230, 253-54
hazard mitigation, 164-65
Hillsboro Beach, 35, 133, 138
Hillsboro Inlet, 133, 137
Hobe Sound, 31,41, 115, 119-22, 125, 127
Hobe Sound National Wildlife Refuge, 126

* Hollywood Beach, 136,142
hotei(s). See also buildings, high-rise

in Key Biscayne, 237-39
in Miami Beach, 250
Marco Polo (Sunny Isle), 46
Marriott (Fort Lauderdale), 138-39

Hurricane

Alicia, 48
Betsy, 8, 139
Camille, 48, 182, 198
Cleo, 8,66, 139
David, 8, 74
Donna, 8,154, 155
Dora, 8, 66, 67
Eloise, 200, 202
Frederic, 198
Gerda, 8
Isabell, 8, 114, 115
"King," 8, 66, 139
of 1846,155
of 1898,66
of 1900,48
of 1903,139
of 1906,139
of 1926,125, 139, 248-49, 250
of 1929,139
of 1933,114, 115
of 1935 (Great Labor Day storm), 39,155, 252
of 1941,139
of 1944,66

of 1945,139
of 1947, 114, 125, 139
of 1948, 139
of 1949,114,115,132

hurricane(s)
defined, 31
forces, 179-82
frequency, 71, 77, 81, 95,107, 115, 125
history,66-67, 77~78,81, 95, 108,115, 125, 155
origin, 32-34
precautions, 205-8
probability and rank, 34
tracks, 8

Hutchinson Island, 25, 53, 118, 119,120, 122
Hutchinson Island Nuclear Power Plant, 114, 119

Indialantic, 94, 105,106
Indian Harbour Beach, 94, 105
Indian River County, 107-13, 116-17
Indian River Shores, 107
inlets, 20-21,45-46, 124. Seealsocounty-by-county

analyses, chap. 4
insurance, information on, 213-14. See also flood

insurance

Intracoastal Waterway, 77, 90, 96, 133, 137

JacksonvilleBeach,35, 39, 73, 74, 75
jetties, 20, 42,44-46,49, 67, 71,133
John Lloyd State RecreationArea, 142
John Pennekamp Reef State Park, 149, 151
Juno Beach,9, 34, 124, 128, 132
Jupiter Inlet Colony, 124,126, 127-28, 132
Jupiter Island Beach,25, 35, 37,41,47
Jupiter Reef Condo, 124

Kennedy Space Center, 94

Index 257

Key Biscayne, 35,146,148, 231-42 passim
Key Largo, 149,151
Keys, Florida, 149-55

index map of, 150-51

Lake Worth, 129, 130, 131,132
Lake Worth Inlet, 45, 124, 129
land

purchase and sales, 165, 214-15
planning and use, 163-64, 214
preservation, 165, 215

land-use regulation, 156-76 passim
Lantana, 132
Lauderdale-by-the-Sea, 140
legislation, coastal

federal, 157-63
Florida state, 164-74

limestone islands, 149-55
Little Talbot Island, 69-70
Lincoln's Birthday Storm. See northeaster
Local Government Comprehensive Planning Act

(1975), 169
local officials, 163,195
local ordinances. See building codes

mangrove swamps, 22, 24,149,152, 153, 241

Manhattan Beach, 72
Marathon Key, 149, 252
Marineland, 80, 89
marsh, 21, 23, 76. See also county-by-county analyses,

chap. 4
Martin County, 115,120,122-23,126-27
Matanzas Inlet, 77, 86, 87, 88
Mayport Naval Station, 72, 74
Mac Donald, John D., 62
Melbourne, 95
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Melbourne Beach, 94, 105, 106, 108
Miami Beach, 6, 8, 35, 37, 39,40-42,44"45,49, '39.

145-47, 245-54

Miami Harbor, 20, 245
Micklers Landing, 82
mobile homes. See buildings
Monroe County, 149-55
Mosquito Lagoon, 93

Nassau County, 66-69
National Academy of Sciences, 5, 15

Hurricane Center, 4, 213
Oceanic and Atmospheric Administration, 34

National Flood Insurance Act (1968), 158
National Flood Insurance Program (NFIP), 158-63
Neptune Beach, 47, 72, 74
New Jerseyization, 31, 32,41, 48,49, 51-52, 53-54,

55,74
New Smyrna Beach, 81, 88, 93,100
No Name Harbor, 236-37
Norris Cut, 148, 242-43, 246, 252
northeaster

of 1925,74. "5
of 1932, 66,74, 115
of 1947, 66,74, 115
of 1962 (Ash Wednesday Storm), 32, 62, 74, 77-78,

no, 114, 115

of 1973 (Lincoln's Birthday), 32, 67, no
of 1981-82,67, 74, 114,115
of 1983, 67, 115

northeasters, 31

Ocean Ridge Beach, 48,132, 134
Ormond Beach, 80, 87,97
Ormond-by-the-Sea, 92, 97
overwash, 21, 22, 25

Painter Hill, 80, 90
Palm Bay, 106
Palm Beach, 35, 36, 37, 45,124, 125, 130, 132
Palm BeachCounty, 9, 121, 124-25,127, 34,138
Palm Beach Shores, 124, 129
Panama City, 202
pass. See inlet
Patrick Air Force Base, 95, 104
Pelican Point, 71
permits, 157-58

construction, 161, 169-71
dredge-and-fill, 168-69
information on, 211-12

pilings, 62
poleor stilt construction, 184-88
politics of the shoreline, 35,39, 56,65
pollution, 63-64, 153,166-68
Pompano Beach,35, 38,41-42, 136, 140
Ponce de Leon, Juan, 6
Ponce de Leon Inlet, 80, 88, 99
Ponce Park, 81
Ponte Vedra Beach, 73, 77, 78
posts, 184-85
power failures, 201

Red Cross Emergency shelters, 155
reefs, coral, 149, 152-53
replenishment (nourishment), 31, 35, 37"42, 7', 74,

120-21,132, 133, 233-34. Seealsocounty-by-
county analyses, chap. 4

revetments, 46,49
Rickenbacker Causeway, 230-32
ridge-and-runnel system. Seesand,supply
risk, balanced, 178-79
rivers

Banana, 93

Guana, 83
Halifax, 97, 99
Indian,93, 100,104,108,114, 116,118,123
Loxahatchee, 125
Matanzas, 89
St. Johns, 70, 72,74
Tolomato, 77, 85

rocks and rock outcrops, 77
The Rocks, 80

safety, 64-65,178
Saffir-Simpson scale, 34
St. Augustine, 6, 79
St. Augustine Beach,35.76, 78-79, 86
St. Augustine Inlet, 70,77, 84
St. George Inlet, 66, 67
St. Lucie County, in, 114-115,117-119,122
St. Lucie Inlet, 20, 115,119,123
St. Mary's Entrance, 67, 68
sand. See also county-by-county analyses, chap. 4

bypassing, 45
loss, 132
movement (littoral drift), 94-95. See alsobeach,

composition; currents
supply, 12,20, 22, 26-28,47

seawalls

costs, 35
laws against, 50, 62
negative effects, 20,46-50, 121,149

Sebastian Inlet State Recreation Area, 94, 107,109,
112

Seminole Shores, 23,115
septictank systems, 153, 212. Seealso pollution
setbackregulations, 62, 81, 175. Seealsobuilding

codes

shellfish, 64



shells, 16,18, 29,80
shorelineengineering, 35-55 passim

costs and economics, 40-42,74-75
questions to ask, 50-51, 251
truths of the shoreline,"52, 55. See also county-by-

county analyses, chap. 4
Silver Lake, 80, 90
Singer Island, 124,129
site-selection, 56-65
Soldier Key, 235
South Hole Cove, 107
South Lake Worth Inlet, 124, 130-31, 132
South Palm Beach, 48
South Ponte Vedra Beach, 48
spits, 13, 14. See also barrier islands
storm surge, 58, 59,125, 181
Straits of Florida, 233
structural engineering, 178-79
Summer Haven, 76, 78-79, 88
Sunny Isle, 46, 139,143
Surfside, 139,146

taxes, 67, 107
tides

annual ranges, 23, 81, 94, 107
spring, 32-34, 81, 94, 107
ioo-year levels, 78, 95, 155, 181

Titusville, 95
turtles, sea, 42-43
Typhoon Tracy, 193

United States

Army Corps of Engineers, 31, 42,46,78,84, 106,
114, 132, 168

Environmental Protection Agency, 16
Department of Housing and Urban Development,

215
Fish and Wildlife Service, 173-74
Office of Ocean andCoastal Resource Management

(Coastal Zone Management), 164
University of Florida, Coasul andOceanographic

Laboratory, 84, 106
University of Miami, marine geology station, 245
Usina Beach, 85

Index 259

velocity zones, 159, 161-62
Vero Beach, 22, 35, 107, no—11, 116
Virginia Key, 148, 230, 232, 242-43, 246, 254
Vitano Beach, 65, 85
Volusia County, 80, 81, 84, 88, 93, 97-101

Wabasso Beach, 107, 113
waste disposal, 167-68
Waveland, 122
wave(s)

average heights, 81
effects, 182
energy, 46-47
and geology, 93
prevailing directions, 23. See also storm surge

Wilbur-by-the-Sea, 56, 84, 92, 99
winds

prevailing, 23, 81, 125
velocity, 179-81, 201. See also hurricanes

"Yankee" storm (1935), 137

zoning. See building codes



Ecology/environment

More than one transplanted Floridian has paid $150,000 for a
beautiful condominium with a sea view only to learn that, to keep
the building from becoming part of the view, considerable addi
tional money must be spent to build and repair seawalls or to
pump up new beaches by dredging sand from offshore.

Most of Florida's beachfront property lies on narrow strips of
sand called barrier islands, which are low in elevation and subject
to flooding during storms and hurricanes. Some of the construc
tion is poor, adding to the problems facing homeowners, most of
whom came from other parts of the country with little awareness
of the hazards of beaches.

In Living with the East Florida shore, Orrin H. Pilkey, Jr., of
Duke University, along with his co-authors, has described the
varied problems that confront the east shore of Florida today.
Written for the layperson, his richly illustrated book includes:

• Detailed guidelines for building and buying at the shore with
maximum protection for your investment and yourself;

• Site-safetymaps and descriptions for every stretch of shoreline
from Fernandina Beach to Key West in enough detail to help
you find your specific homesite;

• Up-to-date advice on land use and the law;
• Easy-to-follow discussion of the dynamics of shoreline change;
• Ways to guard yourself from the hazardous effects of hurri

canes;

Duke University Press Durham, North Carolina

Living with the shore

• A field-guided tour of the Miami Beach shoreline;
• Photographs, drawings, maps, checklists for further reading;
• And guides to federal, state, and local agencies involved in

coastal development that will be of value to the homeowner,
planner, or developer.

This volume is the sixth book in the Living with the shore
series, which will include more than twenty books on coastal living
and management to be published under the general editorship of
Orrin H. Pilkey, Jr., Duke University, and William J. Neal, Grand
Valley State Colleges of Michigan. Ultimately the series will cover
the entire Atlantic and Pacific shorelines as well as those of the

Great Lakes. In addition, Duke University Press has reissued
in a new edition The Beaches Are Moving: The Drowning of
America's Shoreline, by Wallace Kaufman and Orrin H. Pilkey,
Jr., which serves as an introduction and background to the series,
covering the basic issues that are applied to specific coastlines in
the volumes of the series.

The series editors also have written Coastal Design: A Guide
for Builders, Planners, and Home Owners, which concentrates
on safe construction principles for builders (available from Van
Nostrand Reinhold Co., Inc.).
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