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ABSTRACT I

.ill!!!!!! ESTEVES, L.S. and FINKL, C.W., Jnr., 1998. The problem of critically eroded areas (CEA): An evaluation of Florida 
beaches. Journal of Coastal Research, SI(26), 11-18. Royal Palm Beach (Florida), ISSN 0749-0208.

Beach erosion is a worldwide problem that has increasingly impacted Florida shorelines. Government studies classified 
225 km of Florida beaches as critically eroded in 1985, while critical erosion was observed along 370 km in 1993. 
Critically eroded areas (CEA) increased 145 km (64%) in eight years despite coastal protection works implemented 
in Florida. Three hypotheses that may be related to the increase of CEA are analyzed: (1) protective efforts have been 
insufficient to reduce erosion in Florida, (2) methods of erosion mitigation have not been effective, and (3) identification 
of CEA depends on the definition of critical erosion used. Evaluation of these three hypotheses is based on the 
identification of CEA, distribution of coastal protection works, and the official definition of critical erosion as applied 
by government agencies in Florida. This study estimated that about 124 km of Florida beaches are CEA and approx
imately 280 km of beaches are protected although reduction has been implemented along eroded and non-eroded 
beaches. Significant differences observed between official data and this study reflect the importance of the definition 
of erosion used to classify CEA. This study is based on long-term shoreline changes while government documents 
consider anthropogenic factors in the definition of the CEA.

INTRODUCTION

Coastal erosion is a complex physical process involving 
many natu ra l and human-induced factors (COE, 1984; NRC, 
1990; B i n d e r u p , 1997). Beaches are dynamic environm ents 
th a t can erode or accrete to reach equilibrium with short
term  natu ra l forces (i.e. waves, tides, and wind) and long
term  processes such as relative sea-level fluctuations. N atu 
ral coastal processes have shaped Florida shores for a long 
time. However, during the last 100 years, hum an activities 
have significantly contributed to shoreline changes (COE, 
1984; FDNR, 1986). When urban development began, hum an 
activities were concentrated mainly on harbor areas, while 
coastal development progressed slowly as small fishing vil
lages. Following the economic growth, extensive residential, 
commercial, industrial, recreational, and resort developments 
gradually replaced the fishing villages. In Florida, the sta te ’s 
beautiful sandy beaches associated w ith a p leasant tropical 
climate stim ulated m an’s desire to be as close to the ocean 
as possible. As a result, coastal counties th a t have its shore
lines dominated by sandy beaches account for 66% of Flori
da’s population and comprise only 37% of the sta te ’s total 
area. The average population density of these coastal coun
ties is about 78% greater than  the average population density 
for the state. M an’s encroachment to the sea has caused sig
nificant interference w ith natu ra l coastal processes. Beach
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erosion is one of the coastal problems th a t has been greatly 
discussed by coastal scientists, government agencies, local 
authorities, and beachfront owners. However, controversies 
arise regarding the perception and exact definition of beach 
erosion, mainly due to the diverse in terest of the different 
parts in the subject.

Beach erosion is a worldwide problem (B i r d , 1985) th a t has 
become increasingly critical along Florida shorelines. Florida 
has about 1,300 km of beaches th a t represent about 25% of 
the total U.S. sandy shores (F i n k l , 1996). As Florida beaches 
are im portant recreational assets th a t m aintain local and re
gional economies, government agencies and private beach
front owners (including vacation-resort areas) are particular
ly interested in the understanding of beach erosion and its 
related processes. About 225 km of Florida beaches were clas
sified as critical erosion areas in 1985 (FDNR, 1985), while 
370 km were critically eroding in 1993 (C l a r k , 1993). Ac
cording to these governmental studies, critical erosion areas 
increased 145 km (64%) in eight years despite the coastal 
protection works implemented along Florida shorelines. Such 
an increase suggests th a t protective m easures have been in
sufficient to reduce beach erosion in Florida, or th a t the 
methods applied have not been effective. E ither case requires 
an evaluation of the coastal protection strategies applied to 
Florida’s beaches to identify problem areas, possible causes, 
and potential solutions to enhance erosion mitigation. P re
vious studies (e.g. E s t e v e s , 1997; F i n k l  and E s t e v e s , 1998) 
indicate th a t perception of beach erosion tends to be associ
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Figure 1. The study area (shaded) takes in about 1,240 km along 25 coastal counties where sandy beaches are the dominant environment. Sandy beaches 
predominate along five coastal segments: the Panhandle and the Lower Gulf Coast fronting the Gulf of Mexico, and the Northeastern, Central-East, and 
the Southeastern segments along the central-western margins of the north Atlantic Ocean.

ated w ith developed shores, mainly where sandy beaches are 
im portant to the economy. This paper evaluates the present 
distribution, extension, and characterization of beach erosion 
and protection in Florida and attem pts to correlate trends in 
beach stability w ith the presence of coastal protection works 
and the ir relation w ith levels of urban development.

Study Area

This study focuses on Florida coastal segments where 
sandy beaches make up the dom inant environment. Thus, the 
study area includes the Panhandle and Lower Gulf shores on 
the Gulf of Mexico and most of the Atlantic coast (Figure 1). 
Not included in th is study are: the sa lt m arshes along the 
Big Bend shores, the mangrove forests along the Ten Thou
sand Island area, the general area of Florida Bay, as well as 
the rocky shores of the Florida Keys. This study is unique in 
the sense th a t beach erosion and protection were for the first 
tim e comprehensively evaluated on a statewide basis cover

ing the great majority (about 1,240 km or 95%) of Florida’s 
sandy beaches ( E s t e v e s ,  1997).

Methods of Analysis

Coastal segments on the Atlantic and Gulf coasts of Florida 
were mapped on a county-by-county basis in term s of five 
prim ary conditions: (1) dom inant natu ra l shoreline environ
m ents (sandy beaches, rocky shores, m arshes, mangroves), 
(2) levels of urban development (e.g. high, moderate, and low 
density of infrastructure), (3) direction of shoreline changes 
(accretion, stable, eroded, and critically eroded), (4) the pres
ence and distribution of coastal protections works (e.g. sea
walls, groin fields, and beach nourishm ent projects), and (5) 
presence of sensitive ecological communities (e.g. sea tu rtle  
nesting sites, coral reefs, Sabellariid worm reefs, and sea- 
grass beds). These param eters are graphically represented in 
22 maps prepared a t a nominal scale of about 1:250,000 from 
where data analyzed in this report were extracted. Combi-
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Table 1. Definition of the parameters used to categorize Florida shore 
segments.

Parameter Classes Definition

Degree of urban High More than 60% of the coastal
development area (within 500 m from the 

shoreline represented in the 
USGS topographic maps) 
covered by buildings, roads, 
infrastructure or facilities

Intermediate 30% to 60% of the coastal area 
is built up

Low/None Less than 30% of the coastal 
area (within 500 m from the 
shoreline) built up

Shoreline change* Accreted >0.5 m a 1
Stable -0 .5  to 0.5 m a 1
Eroded —0.5 to —1.0 m a 1
Intensely eroded >  — 1.0 m a-1

Shore protection No Absence of shore protection
measures works

Yes Presence of shore protection 
measures (i.e., seawalls, 
groins, beach nourishment)

*Shoreline change classes are based on long-term trends of the MHW 
mark moving shoreward (negative rates), seaward (positive rates), or os
cillating about a mean value bounded by a value of ±0.5 m a 1 (i.e., re
maining in about the same relative position).

nations of the five param eters used to classify coastal seg
m ents perm itted potential classification of Florida shores into 
72 different classes when considering th ree classes of urban 
development, four classes of shoreline change, three classes 
of coastal protection works, and presence or absence of en
vironm ental concerns. This report presents a simplified clas
sification (comprising 24 classes of shore segments) th a t is 
sufficient to relate trends of shoreline change w ith presence 
of coastal u rban development and coastal protection works. 
The classes of the param eters used in the simplified classi
fication of coastal segments presented in th is report are de
fined according to Table 1.

Estim ates of shoreline change ra tes along Florida shores 
were based on historical shoreline position data obtained 
from the “Historical Shoreline Position D atabase” m ain
tained by the Florida D epartm ent of Environm ental Protec
tion (FDEP), Bureau of Beaches and Coastal Processes (Tal
lahassee, Florida). Three different tim e intervals were used 
to calculate average ra tes to represent long-, interm ediate, 
and short-term  shoreline changes. The average rates were 
calculated by subtracting shoreline positions m easured for 
two different years and dividing the resu lt by the tim e in ter
val between those two years (L e a t h e r m a n , 1983; G a l g a n o  
and L e a t h e r m a n , 1991). Relative rates of shoreline change 
based on the entire monitoring period summ arize the overall 
direction of shoreline movement and are useful to character
ize long-term trends (M o r t o n , 1991). Long-term shoreline 
change ra tes were calculated using the longest record avail
able for each county th a t varied from 89 to 137 years. Short
term  shoreline change ra tes were estim ated using the most 
recent tim e interval of ten  years or less. Interm ediate shore
line change rates were calculated using a tim e interval span
ning the last 40 to 60 years. Shoreline change rates calculat

ed for each FDEP m onument were graphically displayed on 
a county-by-county basis. However, only long-term ra tes were 
used to represent the sta tus of shoreline changes in Florida 
to reduce the high variability associated with short-term  pro
cesses (M c B r id e  and B y r n e s , 1997).

THE STATUS OF BEACH EROSION IN FLORIDA

Florida’s beaches are im portant environm ental resources 
that: (1) provide storm surge protection and flood control to 
coastal communities, (2) support recreational activities, (3) 
provide hab ita t for num erous species, and (4) are a major 
source of revenue for local and sta te  economies. Therefore, 
excessive erosion may endanger the structural integrity of 
beaches and upland coastal structures, generally leading to 
great monetary losses due to storm damage or even larger 
expenditures to protect the shore and prevent such losses. To 
avoid property damage and a degraded local and sta te  econ
omy due to beach erosion, much in terest has been shown in 
the identification of erosion problem areas (EPA) and in the 
definition for the best m anagem ent practice (BMP) th a t could 
be implemented along specific coastal segments. However, as 
recreational beaches are usually geographically associated 
w ith developed shorelines, perceptions of beach erosion may 
be prejudiced or overstated according to local in terests 
(F i n k l  and E s t e v e s , 1998).

Table 2 shows the results of three different studies th a t 
evaluate the extension of critically eroded areas (CEA) in 
Florida on a county basis. The two first studies (1985 and 
1993) were conducted by the Florida D epartm ent of N atural 
Resources (FDNR), now called Florida D epartm ent of Envi
ronm ental Protection (FDEP). A comparison between these 
two studies show alarm ing trends: (1) in eight years, the ex
tension of CEA increased about 50% (from 108 km in 1985 to 
162.3 km in 1993) along the Gulf Coast and about 73% (from 
116.8 km in 1985 to 202.1 km in 1993) along the Atlantic 
Coast; (2) 13 of the 25 coastal counties analyzed had an  in 
crease of the CEA extension, including 8 counties w ith an 
increase greater than  100% (e.g. M anatee, Sarasota, Lee, Col
lier, Volusia, M artin, Broward, and Dade); (3) Pinellas Coun
ty had 0% of its shoreline classified as CEA in 1985 and 56% 
in 1993, m eaning th a t in eight years more than  half of its 
entire shoreline became critically eroded, and (4) coastal 
counties along the Florida Panhandle (the most undeveloped 
shores in the state) showed a decrease in the extension of 
CEA in the order of 140%. The results of our assessm ent are 
displayed in the last two columns in Table 2 and show very 
distinct num bers of the CEA extension in Florida. About 
123.7 km (10%) of the 1,242.3 km of Florida beaches in the 
study area were classified as CEA th a t is much lower than  
the 224.8 km (18.1%) and the 364.4 km (29.3%) obtained in 
the 1985 and 1993 studies, respectively. A ttention should be 
paid to the great differences between the results of the official 
studies and our assessm ent, mainly along the most urbanized 
counties such as Dade, Broward, and Palm  Beach th a t 
showed a significant decrease in  the extension of CEA.

Intriguing questions arise from the results presented in Ta
ble 2: (1) How is it  possible th a t the extension of CEA had 
greatly increased from 1985 to 1993 and decreased since
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Table 2. Length of critically eroded areas (CEA) along Florida beaches by coastal county.

County

Total
Lengthab

(km)

CEA (1985) CEA (1993) CEA (this study)

Length'
(km)

%
(of total)

Lengthb
(km)

%
(of total)

Length
(km)

%
(of total)

Escambia 62.4 4.8 7.7 7.9 12.7 4.9 7.9
Santa Rosa 8.0 0.0 0.0 0.0 0.0 0.0 0.0
Okaloosa 38.3 0.0 0.0 0.0 0.0 1.5 3.9
Walton 41.1 0.0 0.0 0.0 0.0 0.0 0.0
Bay 66.1 29.7 44.9 18.7 28.3 19.0 28.7
Gulf 46.2 19.2 41.6 0.2 0.4 21.0 45.5
Franklin 87.6 19.2 21.9 3.7 4.2 2.2 2.5
Pinellas 64.5 0.0 0.0 33.6 52.9 8.0 12.4
Manatee 19.7 5.6 28.4 14.3 72.6 7.3 37.0
Sarasota 55.7 7.1 12.7 32.2 57.8 4.6 8.3
Charlotte 19.6 8.0 40.8 7.1 36.2 2.2 11.2
Lee 75.9 7.2 9.5 27.2 35.8 18.0 23.7
Collier 73.9 7.2 9.7 17.4 23.5 3.1 4.2
Total Gulf Coast 658.9 108.0 16.4 162.3 24.6 91.8 13.9

Nassau 20.4 11.7 57.4 10.0 49.0 2.9 14.2
Duval 24.1 0.0 0.0 16.1 66.8 1.3 5.4
St. Johns 66.1 12.0 18.2 7.4 11.2 3.4 5.1
Flagler 29.1 9.6 33.0 4.7 16.2 0.0 0.0
Volusia 78.5 1.6 2.0 13.2 16.8 1.8 2.3
Brevard 115.2 32.9 28.6 24.5 21.3 3.0 2.6
Indian River 36.0 9.6 26.7 10.6 29.4 0.0 0.0
St. Lucie 34.6 0.0 0.0 3.7 10.7 0.0 0.0
Martin 34.4 9.6 27.9 19.5 56.7 10.0 29.1
Palm Beach 72.9 24.2 33.2 35.1 48.1 0.0 0.0
Broward 38.6 1.6 4.1 29.3 75.9 4.5 11.7
Dade 33.5 4.0 11.9 28.0 83.6 5.0 14.9
Total Atlantic 583.4 116.8 20.0 202.1 34.6 31.9 5.5
Total 1,242.3 224.8 18.1 364.4 29.3 123.7 10.0

“Gulf Coast data from Balsillie and Clark (1992) 
bAtlantic Coast from Clark (1993); 'from FDNR (1985)

then; (2) Why are developed counties more susceptible to 
beach erosion than  undeveloped counties; (3) W hat is the 
m ain cause of CEA in Florida; and (4) W here and how has 
coastal protection been implemented to m itigate beach ero
sion in the state?

Definitions of Beach Erosion

Beach erosion has been discussed by a variety of public 
agencies, proprietary organizations, and coastal researchers, 
groups th a t have different in tents and defend diverse in te r
ests. Definitions of beach erosion are usually vague, conse
quently has often changed to more adequately fit the neces
sity of specific discussion groups (F in k l  and E s t e v e s , 1998). 
This might be the answer for the first two questions posed 
above. The differences observed between the num bers pre
sented in Table 2 probably resu lt from the methods of eval
uation used in previous studies, mainly regarding the defi
nition of eroded areas. The FDEP defines EPA as beaches 
th a t fit one of the following three categories (C l a r k , 1993):
(1) high erosion rates or recent significant erosion conditions,
(2) moderate or low erosion rates, but w ith a narrow beach 
fronting a highly developed area, or (3) restored beaches with 
active m aintenance nourishm ent programs. As defined, the 
EPA reported in government documents are strongly depen
dent on the th rea t to hum an presence or upland development 
{e.g. COE, 1971; FDNR, 1985, 1986; C l a r k ,  1993). This close

relationship is emphasized by the U.S. Army Corps of Engi
neers (1971) which defines CEA as “. . .[locations] where the 
rate o f erosion indicates that action to halt the erosion may be 
justified, when considered in conjunction with economic, in 
dustrial, recreational, agricultural, navigational, demograph
ic, ecological and other relevant factors”. The study conducted 
by the FDEP in 1985 does not provide the definitions used to 
classify beaches as CEA, but probably are sim ilar to the def
initions used by C l a r k  (1993). Consequently, the differences 
in the extension of CEA presented in 1985 and 1993 depend 
mainly on the growth of urban development along the shore
lines.

This study perceives erosion based on the long-term shore
line change rates independently of present characteristics of 
the coast as described in Table 1. The characteristics of the 
coast potentially threatened by shoreline re trea t are essential 
to establish the BMP to deal w ith erosion but should not be 
considered inter alia  in the definition of eroded areas. Beach 
erosion in Florida is already a serious problem without con
sidering its th rea t to upland development. Ten out of the 25 
counties evaluated in this study have more than  20% of their 
shorelines classified as eroded or critically eroded {viz. Dade, 
Broward, M artin, St. Lucie, Nassau, Lee, M anatee, Gulf, Bay, 
and Escambia counties). M anatee and Gulf counties lead the 
EPA with more th an  50% their shoreline classified as eroded 
or critically eroded (58.5% and 56.3%, respectively). Using
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Figure 2. Dade County has highly developed, non-eroded shorelines with extensive beach nourishment projects. Areas formerly regarded as eroded (e.g. 
Miami Beach per se) are classified in this study as stable or accreted due to coastal protection. Note the association of EPA and CEA with tidal inlets 
and the presence of coastal protection along eroded and non-eroded beaches.

anthropogenic activities as to define CEA appears to contrib
ute to potential m isunderstanding of the processes involved 
in shoreline change. For example, consideration of restored 
beaches with regular m aintenance programs as CEAs m ust 
per force include several coastal segments th a t are no longer 
under th rea t of severe erosion due to m itigation efforts. Var
ious restored beaches are stable or even accreted and should 
not be included as EPA (i.e. Miami Beach, Figure 2). The 
effects of beach restoration on the estim ates of shoreline 
changes is clearly shown in Figure 3, where a possibly long
term  eroding shore (between R-33 and R-75) was masked by 
beach replenishm ent. Additionally, defining areas where n a r

row beaches front urban shores as CEA could be considered 
an unrealistic over-sirpplification of the consequences of in
appropriate hum an encroachment on the shore. In many 
cases, the beach narrowed because the backshore was stabi
lized by the presence of buildings, which rendered the shore
line vulnerable in dynamic coastal environment.

Beach Erosion and Tidal Inlets

About 72% of the total length of eroded or critically eroded 
beaches in Florida are geographically associated to tidal in 
lets (Table 3); consequently the proximity with such en tranc
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Figure 3. Shoreline change rates (m a 1) based on historical shoreline data for Dade County. The highly variable short-term rates contrast with a 
smoother curve for long-term rates of change, except in the vicinity of inlets in the southern section (to the right of monument R-073), where even long
term rates are variable. The influence of the Miami Beach restoration project (MB), i.e. affect on the estimation of short-term change rates for shoreline 
position, is clearly positive.

es is the m ain cause of beach erosion in the state. The asso
ciation of beach erosion and tidal inlets can be observed in 
the southern p art of Figure 2. The C entral-East coastal seg
m ent has the least num ber of eroded beaches in Florida but 
the Southeastern segment is the least eroded according to the 
total length of eroding shorelines (Table 3). Although the 
S outheastern is the least eroded coastal segment in Florida, 
91% of its eroded beaches are associated with inlets. Our es
tim ates are not far from the assessm ent conducted by D e a n  
(1990) th a t concluded about 85% of the beach erosion is as
sociated w ith tidal inlets. Sixty-nine eroded shoreline seg
m ents are identified in Florida, 49 (71%) of which occur along 
the Gulf Coast and 20 (29%) along the Atlantic Coast (Table

3). Most of the erosional shoreline segments (53.6%) occur 
along the Lower Gulf Coast although the Panhandle and the 
Lower Gulf have the same length of eroding shorelines (Table 
3). The average length of erosional areas along the Panhandle 
and the Lower Gulf Coast is 5.9 km and 1.9 km respectively, 
mainly due to the presence of tidal inlets and short barrier 
islands in the Lower Gulf. The influence of tidal inlets on 
adjacent shorelines is a function of the size and num ber of 
inlets and sedim ent budget changes ( F i t z g e r a l d ,  1988, cited 
in  F e n s t e r  and D o l a n ,  1996) resulting in the greater per
centages of eroded beaches along the Gulf Coast. Washover 
events during storms, inlet migration, and net reduction in 
the longshore sediment flux due to deposition in sinks such

Table 3. Eroded beaches in Florida and their relation to tidal inlets.

Eroded Beaches Eroded Beaches

No. of
Associated with Inlets*

Coastal Length % of the Eroded % of the Length % of the
Segments (km) Total Areas Total (km) Total

Panhandle 70.7 36.3 12 17.4 44.7 63.0
Lower Gulf 70.9 36.4 37 53.6 54.1 76.3

Gulf 141.6 72.7 49 71.0 98.8 69.8
Southeastern 13.5 6.9 7 10.2 12.3 91.0
Central-East 19.5 10.0 4 5.8 13.5 57.9
Northeastern 20.2 10.4 9 13.0 11.7 57.9

Atlantic 53.2 27.3 20 29.0 37.5 70.5
Total 194.8 100.0 69 100.0 140.4 72.0

*Eroded beaches immediately adjacent to inlets

Journal of Coastal Research, Special Issue No. 26, 1998



The Problem of Critically Eroded Areas (CEA) 17

Table 4. Simplified classification of Florida coastal segments based on levels of urban development, shoreline change status, and presence of coastal 
protection.

Level of Urban 
Development

Shoreline 
Change Status

Shore
Protection
Measures

Pan
handle

Coastal Segments (% of total length)

Lower North- Central- 
Gulf eastern East

South
eastern

Florida 
(% of total 

length)

High Critically eroded No 2.0 — — 0.5 0.5
Yes 6.5 0.5 — 0.0 2.0

Eroded No 1.0 2.0 — — 0.5
Yes — 3.5 0.0 0.0 1.0 1.0

Stable No 16.5 13.5 — 3.5 19.0 11.0
Yes 7.5 20.5 23.5 13.5 40.0 18.5

Accreted No 3.5 9.0 4.5 8.0 1.0 6.0
Yes 1.5 9.0 0.5 3.0 14.5 4.0

Intermediate Critically eroded No — 1.5 2.5 1.5 — 1.0
Yes 0.5 1.5 — 0.5 0.5

Eroded No 1.0 0.0 1.0 — 0.0 0.5
Yes — 0.5 1.0 — 1.5 0.5

Stable No 7.0 0.5 17.5 17.5 2.5 8.5
Yes 1.5 1.5 — 6.0 2.0 2.0

Accreted No — 2.0 4.5 2.0 — 2.0
Yes 0.5 0.5 0.5 2.0 1.0 0.5

Low/None Critically eroded No 12.0 2.5 1.0 5.0 0.5 5.0
Yes 2.0 1.0 0.5 — 4.5 1.5

Eroded No 3.5 3.5 0.5 5.5 — 3.0
Yes 1.0 0.5 — — — 0.5

Stable No 21.0 5.5 31.5 24.0 5.0 18.0
Yes 0.5 3.5 1.0 6.0 5.0 3.0

Accreted No 19.0 4.0 5.0 1.5 — 7.5
Yes 0.5 1.0 1.0 0.0 — 0.5

as tidal channels, tidal deltas, or m arsh  surfaces are pro
cesses th a t contribute to shoreline erosion in the vicinity of 
inlets. These processes are dom inant along undeveloped bar
rier islands such as the Panhandle and have contributed to 
the longest stretches of eroded shores in Florida (e.g. Bay and 
Gulf counties). The results displayed in Table 3 indicate th a t 
the presence of tidal inlets is the strongest factor affecting 
the occurrence, distribution, and extension of eroded beaches 
in Florida.

THE RELATION BETWEEN BEACH EROSION, 
COASTAL PROTECTION, AND DEGREE OF 

URBAN DEVELOPMENT

The 22 maps designed to display the characterization of 
Florida coastal segments were analyzed to establish the re
lation between levels of urban development, shoreline change 
status, and coastal protection. The results (percentage of total 
shoreline length) are presented in Table 4. This analysis 
showed th a t coastal protection (e.g. seawalls, groins, or beach 
nourishm ent) occurs along 34.5% of Florida shorelines; how
ever, 28.5% occur along stable or accreted shores(22.5% along 
highly developed shores) and only 6% occur along eroded or 
critically eroded beaches (although about 16% of Florida 
shorelines are EPA or CEA). Thus, it clearly shows th a t 
coastal protection m easures have been mainly implemented 
along highly developed shores, independently of eroded con
ditions. This relationship is exemplified by the fact th a t about 
75% of all EPA and CEA and 57% of the non-eroded shores 
(stable and accreted) are protected when they front highly 
developed shores, while only 20% of the EPA and CEA and 
12% of the non-eroded shores are protected when fronting

undeveloped shores. O ther interesting data  can be extracted 
from Table 4: (1) Florida shores are mainly stable, totaling 
about 61% from which 37.5% are unprotected (11% along 
highly developed, 8.5% along interm ediate, and 18% along 
undeveloped shores) and 23.5% protected (18.5% along highly 
developed, 2% along interm ediate, and 3% along undeveloped 
shores) by seawalls, groins, or beach replenishm ent; (2) about 
20% of Florida shorelines are classified as accreted from 
which 5% are protected (4% fronting highly developed shores 
and the rem aining 1% divided along interm ediate and un 
developed shores); (3) some classes are not widely represent
ed, such as: protected EPA along undeveloped shores, unpro
tected CEA and EPA fronting highly developed shores, and 
unprotected EPA along moderately developed shores.

The presence of coastal protection along non-eroded shores 
suggests th a t (1) protection m easures have been im plem ent
ed to protect buildings or infrastructure built too close to the 
shore or (2) protection works may have interfered in the 
shoreline change rates and direction. Actually, both cases 
may occur because beaches recognized as eroded in the past 
are now classified as stable or accreted (e.g. F isher Island and 
Miami Beach, Figures 2 and 3), indicating th a t erosion m it
igation has been successful. Considering th a t about 16% of 
the Florida shoreline is eroding and about 34% has been pro
tected, the question should not focus on w hether protection 
has been insufficient but where and how it has been imple
mented. Additionally, about 6% of the Florida shoreline is 
classified as protected EPA and CEA indicating th a t protec
tion has not stabilized these beaches. Because beach erosion 
is mainly associated w ith the presence of tidal inlets, beach 
nourishm ent and hard  stabilization alone are probably not
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the BMP and mitigation of beach erosion should focus on im
provement of sand bypassing around inlets.

CONCLUSIONS

Florida’s sandy beaches may be characterized mainly by 
stable shorelines when rates and direction of long-term shore
line changes are examined. About 194.8 km (15.7%) of the 
1,242 km of Florida beaches in the study area are eroding, of 
which 123.7 km (10%) are critically eroded shorelines (CEA). 
Gulf Coast beaches account for 73% and the Atlantic Coast 
for 27% of the total length of erosional beaches in the state. 
About 72% of erosion problem areas (EPA) in Florida are geo
graphically associated w ith inlets, i.e. beaches immediately 
adjacent to inlets. Coastal protection works (sea defense) 
have been implemented along both eroded and non-eroded 
beaches but usually front urbanized areas. Coastal protection 
has not been attem pted along some undeveloped or partially 
developed EPAs. Perhaps surprisingly, protection is observed 
along stable beaches where they front developed shores.

Results from th is study differ from previous investigations 
with regard to the definition of CEA; consequently, officially 
estim ated percentages of eroded beaches identified in Florida 
differs significantly from results obtained in this research. 
Government documents include anthropogenic factors such 
as the presence of narrow beaches fronting urbanized shores 
and the im plem entation of periodic beach m aintenance in the 
definition of CEA. This study shows th a t some restored 
beaches are stable or accreted and should not be included as 
CEA. Thus, narrow beaches fronting developed shores might 
not be a resu lt from long-term erosion bu t only from natural 
short-term  fluctuations of the beach system th a t have th rea t
ened structures built too close to the beach. Ideally, CEA 
should be based on scientific observations of long-term shore
line change rates, while the presence of th reatened coastal 
development should be considered in the establishm ent of the 
best m anagem ent practice (BMP) to deal w ith erosion.
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