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         Abstract

         A large data base of digitized historic coastal map data  and

         Department  of  Natural  Resources  (DNR)  profile surveys is

         being  constructed  to   assist  in  growth   management  and

         regulatory programs.  Several methods have been developed  to

         analyze this information.  The first step is to plot the data

         so as  to be  able to  view the  patterns of shoreline change

         both spatially and temporally.  Using the computer- generated

         map  overlays,  supplemental  aerial  photography,  the storm



         records,  and  basic  knowledge  of  coastal  processes,  the

         pattern  of  shoreline  change  can  be  resolved.    Average

         shoreline change rates at each DNR profile location are  then

         determined for time segments  in which the pattern  of change

         has been relatively constant.  A rate calculation method  has

         been developed which chooses and averages "long- term"  rates

         out of all possible  combinations of rates within  a selected

         time segment.  Comparison of the results with those of  other

         calculation  methods,  such  as  least-  squares  fitting and

         simple  end-point  rates,  is  used  to  verify  the relative

         magnitude of the average rates, and determine the sensitivity

         of the results to the method of calculation.  Ideally, if the

         time pattern  is correctly  determined, the  results will  be

         relatively insensitive to the method of calculation, although

         the uneven clustering  of data points  and mix of  data types

         can result in significant differences.  Further averaging  of

         rates along  several adjacent  profiles is  used to  minimize

         random profile  variability.   The number  of profiles  to be

         averaged is dependent on local shoreline conditions, such  as

         inlet effects, armored areas, and rock outcroppings.

         Introduction



         The objective of this article is to describe the data base of

         historic shoreline  data for  Florida and  to present several

         techniques which  have been  developed to  analyze that data.

         Results obtained by the use of these methods can be found  in

         two case studies reported  in these proceedings:   Foster and

         Savage (1989), Savage and Foster (1989).

         Description of the Data Base

         All coastal topographic  maps of Florida  by the U.S.   Coast

         and Geodetic  Survey (USC&GS),  National Ocean  Survey (NOS),

         and  U.S.    Geologic  Survey  (USGS),  have  been  carefully

         digitized by  researchers at  Florida State  University (FSU)

         for  seventeen  coastal  counties,  and  at the University of

         Florida  (UF)  for  seven  counties,  under contract with the

         Florida Department of Natural Resources (DNR).  The locations

         of DNR coastal monuments and beach profiles were superimposed

         as  a  shoreline  sampling  pattern.   The digitized historic

         shoreline  locations  along  each  profile  bearing were then

         tabulated  in  a  standardized  format.   Composite maps were

         produced  showing  all  the  digitized historic shorelines on

         standardized scale  and coordinate  systems.   An example  of

         such a map is shown as Figure 1.





         The DNR coastal monument and beach profile system  physically

         consists of  a maintained  set of  concrete survey  monuments

         spaced approximately at 1000 feet (300 meter) intervals along

         Florida's sandy beaches.  Profile bearings from the monuments

         are  established  in   directions  which  are   approximately

         shore-normal.   Beach profile  surveys are  performed by  the

         Division of Beaches and Shores for monitoring and  regulatory

         purposes.  The DNR  survey data acquisition program  has been

         described by Sensabaugh, Balsillie, and Bean (1977).

         The  authors  have  proceeded  to  check  and  verify the DNR

         profile  survey  data  in  areas  selected for analysis.  The

         distance locations from the monuments of the approximate Mean

         High Water  (MHW) and  zero National  Geodetic Vertical Datum

         (NGVD) elevations were extracted  and added to the  tables of

         map survey  data to  complete the  historic data  files.  The

         combined data sets provide a quantitative record of shoreline

         changes  from  the  mid  to  late  1800's to the present.  An

         example of a tabulated data set is shown as Table 1.

         Since all  the map  data is  relative to  the approximate MHW

         contour, the analysis of historic changes is also relative to

         that contour.  The zero NGVD contour changes in the DNR  data





         can  be  calculated  and  compared  to  the  MHW  changes  to

         determine what sensitivity, if  any, the results have  to the

         choice of contour in the upper tidal zone.

         The use of  coastal topographic maps  as a tool  for historic

         shoreline analysis  has been  generally discussed  by several

         researchers.  Shalowitz  (1962) and Swanson  (1949) discussed

         coastal mapping by USC&GS (the predecessor of NOS).   Collins

         (1978)  reported  on  NOS  maps.    Banks  and  Lenart (1978)

         discussed joint efforts by NOS and USGS.  Brownsworth  (1978)

         discussed  the  USGS   method  of  photo-   determination  of

         shorelines  in  the  post-1947  era.    These and others have

         reported that in general  this information should prove  both

         useful and accurate for this purpose.  Our experience is that

         this is very good data  provided sufficient care is taken  in

         the  digitizing   process,  and   that  maps   with  apparent

         horizontal control  problems are  identified for  qualitative

         use  only.    Strict  quality  control  is  necessary  in the

         assembly of any data base if  confidence is to be had in  the

         results.    In  studies  where  direct  date  comparisons are

         possible, the  level of  agreement between  map data  and DNR

         profile survey data has been very good to excellent.

         Historic bathymetric survey maps  from the same sources  were



         also  digitized  under  the  contracts.    However,  there is

         usually much less comparative bathymetric data available than

         shoreline data, and reference datums vary.  There can also be

         considerable subjectivity in  the digitizing and  sampling of

         complex   bathymetry,   such   as   shoal  systems  and  reef

         formations.  For these reasons, the bathymetric data has been

         used  only  for  qualitative  purposes  at  this  time.    In

         addition, soundings  from DNR  offshore profile  surveys were

         used to investigate profile shapes and bottom features within

         3000 feet (900 meters) of the beach.

         It is  noted that  nearly all  the modern  survey maps  (post

         1920's) were  compiled using  controlled aerial  photography,

         generally followed by field editing.  Aerial photography sets

         were not digitized (with few exceptions) in this project  due

         to costs and the problems of photo rectification,  horizontal

         control, and MHW location.  Some photography was digitized on

         the lower east coast, but  with mixed results.  However,  all

         sets of historic aerial photography available at DNR and  the

         Florida Department of Transportation have been collected  for

         the study areas.   The photographs  are used for  qualitative

         verification of the conditions  shown in the survey  maps, as

         well as for the study of wave refraction, shoal, dune  ridge,

         vegetation and overwash patterns.  In addition, they are very



         helpful  in  locating  nearshore  and  offshore rock and reef

         formations, and man-made coastal structures.

         Geographic and Temporal Analysis

         The  shoreline  can  be  divided  into  geographic   sections

         according  to  the  location  of  inlets  and areas where the

         coastal  processes  can  be  described  as  a  system.    The

         computer-generated composite maps are very useful in defining

         geographic sections and quickly recognizing areas where major

         changes have occurred over time.

         A special  graphic format,  called a  "stack plot",  has been

         developed  to  clearly  display  the  quantified  pattern  of

         shoreline change over long sections of shoreline, such as  an

         entire  island.    The  distance  versus time plots for eight

         adjacent profiles  are graphed  in sequence  ("stacked") on a

         single page.   Several  pages can  then be  placed end to end

         (e.g. taped together) to show  the pattern of how, when,  and

         where the distance/time plots systematically change along the

         entire reach.   This  capability is  the main  purpose of the

         graphic  format,  with  the  pages  generally  included as an

         appendix in an area report.   An example stack plot  is shown



         as Figure 2.

         It is readily observed in the data sets that shoreline change

         often does not occur at a constant rate, and that the various

         types of  coastal processes  affecting a  site can  change in

         relative significance over time.   Shorelines tend to  evolve

         to  orientations  dependent  on  the  sand  supply,   initial

         conditions, extreme events or a series of events,  prevailing

         directional wave energy patterns, and underlying or nearshore

         geologic features.

         The next step is to select time segments along the total time

         record and in  a consistent manner  alongshore, such that  an

         average shoreline  change rate  in each  segment is  usefully

         descriptive of the coastal  processes occurring at the  site.

         A correct time segment selection will be consistent with  all

         the available reference information and on-site observations.

         The selected recent trend  will generally be used  to project

         future changes, which  in turn will  be tested (and  probably

         revised) by future survey data.

         The selection of time segments can be accomplished by working

         backwards  in  time,  comparing  recent  DNR data trends with

         successively longer segments.  Breaks in time segments should





         generally   be   limited   to   major  changes  in  shoreline

         orientation   or   coastal   processes.      However,  it  is

         occasionally  necessary  to  use  time  segments to linearize

         sections of a non-linear response.

         Rate Calculations

         There are several possible methods for calculating an average

         rate of  change within  a selected  time segment  having more

         than two measurement points.  One strategy is to compare  the

         results of three different rate calculations, to observe  the

         reasons for  any significant  differences in  results, and to

         recommend what is determined to  be the best estimate of  the

         rate.  The rationale is  simply that the rate results  should

         not be highly method- dependent without a reason.  The  three

         calculations are the following:

         1.)  The slope of the least-squares fit (Y on X) to the

              distance/time data points within the time segment.

         2.)  The "end-point" rate, i.e. the first to last net

              difference in distance divided by the net time for

              the segment.

         3.)  The arithmetic average of all "long-term" rates



              within a time segment.

         It is observed that  the shoreline measurements are  unevenly

         and randomly spaced  in time, that  earlier data is  probably

         less accurate than more  recent data, and that  digitized map

         data is less accurate than DNR beach profile data in locating

         a shoreline position at some point in time.  The spacing  and

         measurement accuracy of the  data can have important  effects

         on the rate  calculation.  There  are usually more  points in

         the later  years of  the time  line, and  clusters of  points

         including mixed  data types  in the  most recent  time period

         (1970-1988).

         The least-squares fit can  be very sensitive to  uneven point

         distribution and point clusters.  The effect can be to  yield

         a  rate  which  is  a  balance  between the location of point

         clusters and the end-point rate.   It is also noted  that the

         least-squares method assumes equal variability in the  points

         and therefore no consideration is given to the difference  in

         data types.  In the case where the time segment is short  and

         the number of points small (e.g. three) and of mixed type, it

         may be  unnecessary or  misleading to  use the  least squares

         rate.



         The simple  end-point rate  can be  used for  comparison with

         other rate calculations  as a checking  device, and in  those

         situations where any other rate is meaningless.  One  example

         is  in  those  ares  adjacent  to inlets where shorelines are

         subject to  random, large  scale changes  dependent on  shoal

         movements  and  storms.     Another  common  case  is   where

         measurements randomly span  several beach renourishments.   A

         linearized average  of several  random measurements  in these

         situations  is  meaningless.    The  end- point rate in these

         cases can  be considered  only to  represent a  net effect of

         some series of events, regardless of path.

         An interesting end-point calculation is the first to last net

         effective change  over the  total time  record, regardless of

         the path inbetween.  This  may or may not be  meaningful, and

         can be very misleading, depending on that path.

         The third  method is  newly developed,  and consequently some

         explanation is required on how  it works.  The intent  was to

         develop a way to  arithmetically average rates within  a time

         segment with consideration of  the difference in data  types.

         It is observed that all the measurements were randomly  taken

         in  time.    The  random  timing  of any measurement within a

         selected  time  segment  means  that  any  combination of two



         shoreline distance measurements was as likely to occur as any

         other.    Each  combination  therefore represents a potential

         rate to be used in a calculation of an average rate for  that

         segment.  However, only  "long- term" rates, relative  to the

         magnitude  of  the  end-point  rate  and  levels  of  assumed

         measurement error in the data points, are to be averaged.

         In defining "long-term", the basic concept is that it  should

         take  a  longer  time   between  observations  to  detect   a

         significant shoreline change at, for example, a 2 ft/yr level

         than at a 15 ft/yr  level, and that the measurement  accuracy

         is relevant to  whether or not  there is an  actual change or

         merely a possible measurement error.

         As a simple example, suppose there are three measurements  of

         shoreline location at a site over a ten year period, but  two

         of the three measurements were taken only one year apart.  Of

         the  three  possible  rate  combinations  (1,  9, and 10 year

         rates),  logic  would  say  to  average  no more than the two

         longest term rates.   The one year is  simply too short of  a

         time period to measure any longer-term trend.  The  long-term

         rate averaging  method objectively  makes that  decision, for

         any number of points, and  for the more complex situation  of

         some  measurements  being  significantly  less  accurate than



         others.

         Specifically,  for  the  end-point  rate level, minimum times

         between  different  data  types  are  calculated.    Any rate

         combination having  a time  period less  than its' respective

         data-type minimum  would be  excluded from  the average  rate

         calculation.    The  result  is  the  average of the relative

         "long-term" rates within a time segment.  The equations  used

         in these calculations are given in the Appendix at the end of

         this article.

         The  averaging  of  as  many  long-term  rates as possible is

         beneficial to reducing the effects of other potential sources

         of variability in the data, such as any seasonal beach  width

         variability.  Regardless of the calculation method used,  the

         further averaging of a number of adjacent alongshore rates is

         useful in reducing any random profile variability.

         The  rate  averaging   method  requires  the   assumption  of

         reasonable levels  of measurement  error in  the data  types.

         The objective is to maximize the number of long-term rates in

         order to average  out other sources  of variability, i.e.  to

         minimize  the  total  error.    Conservative choices for data

         error  ranges  would  be  a  relatively  low  but  reasonable



         estimate  for  the  map  data,  and  a  relatively  high  but

         reasonable estimate  for the  DNR survey  data.   The choices

         should also  be reasonable  in terms  of relative  magnitude,

         e.g. one type may be approximately three times more  accurate

         than the  other.   Rate comparison  tests, sensitivity tests,

         and digitizing variability tests were performed.  The  result

         is that a useful and reasonable estimate of measurement error

         in the modern map data is  +/- 30 feet (9.1 meters), and  for

         DNR profile data +/- 10 feet  (3 meters).  For the map  data,

         +/- 30 ft represents the lowest reasonable estimate,  rounded

         to the nearest 10 ft.  Less than this number is  unrealistic,

         since the maps are estimated to  be +/- 0.5 mm (or +/-  33 ft

         for 1:20000 and +/- 40  ft for 1:24000 scale maps),  as noted

         in  Shalowitz  (1962),  Swanson  (1949),  Collins (1978), and

         Everts,  Battley,  and  Gibson  (1983).   Repeated digitizing

         variability  tests  using  triple  setup  and greater than 40

         points  have  consistently  yielded  +/-  15  feet (approx. 4

         meters) as a mean plus two standard deviations for FSU  data,

         and as a mean for UF  data.  The combined map and  digitizing

         error could therefore be estimated to be on the order of  +/-

         40 to 50  feet (12-15 meters).   The use  of +/- 40  feet (12

         meters) or greater tends  to significantly reduce the  number

         of  rates  for  averaging,  and  consequently to increase the

         total error estimate,  while not significantly  affecting the



         magnitude of the result.

         The oldest  map surveys,  from the  1850's to  the 1930's and

         constructed  by  planetable   methods,  possibly  have   more

         measurement  error  than  modern  maps.    Shalowitz   (1962)

         suggested +/- 10 meters  at measured locations, and  possibly

         greater where the shoreline was interpolated between  points.

         However, he also stated that the accuracy of some maps may be

         considerably  greater.    Our  experience  has  ranged   from

         apparently very accurate to unreliable, based on  comparative

         locations of stable landmarks  and other control points.   In

         recognition  of  this  situation,  it  is  recommended   that

         consideration be given to selecting one time segment as  "old

         data"  to  first  "modern   data",  which  makes  the   error

         assumption  unimportant.    Maps  known  to  be   unreliable,

         whatever the date, should not be used in calculations.

         The +/- 10 ft estimate for DNR survey data is probably on the

         high side  as rounded  to the  nearest 10  feet.   Errors can

         exist  in  horizontal  and  vertical  control,  and  due   to

         interpolation along a profile.

         It  is  noted  that  data  with  significantly  lower assumed

         ranges, such as the DNR  profile data, more readily pass  the



         long-term selection process and  have a greater influence  on

         the magnitude of  the average rate.   Therefore, the  average

         will often be a balance between the longest term map data and

         the  longest  term,  more  accurate,  DNR data where both are

         included within the time segment.

         Consideration  must  be  given  to  the following logical and

         practical restraints on the  long-term averaging method.   In

         cases  where  the  end-point  rate,  and generally the entire

         sequence of data, yields a  very small (near zero) rate,  the

         minimum time  period becomes  very large.   The  result is  a

         default to the end-point  rate as the only  "long-term" rate.

         The end-point rate in such a situation is not logically a bad

         estimate.  However, comparisons with lesser (or greater) time

         period  rates  and  least  squares  results should be used to

         confirm  the  magnitude  and  sign  of  the  result.   In the

         opposite  case  of  the  end-point  rate  being very large in

         magnitude,  the  minimum  time  period  becomes  very  short.

         Short-term effects  in such  cases must  be searched  out and

         possibly excluded  from the  calculation of  the average.   A

         search based on the standard deviation of the rates has  been

         successfully  used,  but  the  results should be individually

         checked.    Sometimes  this  is  an  indication that the time

         segmenting is  incorrect or  that an  end-point rate  is more



         meaningful.

         "Seasonal variation", for the purpose of this discussion  and

         consistent with our observations  to date, can be  defined as

         follows:

         - beach width changes due to the development and

           maintenance of a persistent longshore bar system in

           many shoreline areas during a high wave energy

           season, typically winter;

         - accumulations and deficits of sand on opposite sides

           of  longshore structural, geologic, or other

           barriers, or within pocket beaches in response to

           seasonal net wave energy directional changes; and

         - the observed passage of large masses or slugs of sand

           through some shoreline areas in directions and under

           conditions dependent on seasonal wave climate.

         These situations  do not  necessarily present  major problems

         with time segmenting or  rate calculations.  With  experience

         and the amount of data in hand, areas susceptible to each can

         be observed in the data plots, aerial photography, and in the

         field.   Time segmenting  and interpretation  of the  results

         should be made  with these known  processes in mind.   In our



         opinion, shoreline change numbers should be accompanied by an

         explanation  (or  theory)  of  the  major  physical   process

         occurring at the site.

         In summary, the spacing and mix of data types has resulted in

         the strategy of analyzing the data using more than one method

         of  rate  calculation  in  a  comparative  process.   All the

         methods yield  a result  of some  value to  the analyst.   No

         single method works best all the time.  Generally the  method

         of "long-term" rate  averaging within selected  time segments

         yields the result which  is recommended as the  best estimate

         of the average rate of shoreline change.

         Longshore Averaging

         For the purpose of projecting  future changes, or as a  means

         of  comparing   consecutive  time   period  changes,   it  is

         beneficial to  average rates  along some  number of  adjacent

         profiles.     This  minimizes   any  random   single  profile

         variability.  It is not generally useful to average over very

         large distances:  this tends to obscure local conditions  and

         the  relationships  between  areas.    If  the  analysis   is

         reasonably correct, it will be observed that the rates  among



         adjacent profiles  will already  appear relatively  smooth in

         longshore  transition.    The  question  of how many adjacent

         rates to average is  largely dependent on the  specific local

         conditions,  such  as  inlet  effects,  armored  areas,   and

         nearshore  rock  outcroppings.    Since  it is convenient and

         consistent  to  determine  average  longshore  rates  at each

         monument, some obvious choices are 7, 5, and 3 point  running

         averages.    These  would  encompass  3,  2,  and  1 adjacent

         monument(s) on each side, respectively.

         It  is  possible  to  mathematically  identify  site specific

         situations by observing  where the running  longshore average

         exceeds the calculated error bounds on the individual profile

         rates.    Such  locations  should  be  examined for something

         unusual in the local  conditions which may reduce  the number

         of points to be averaged.

         Where a boundary such as an inlet is reached, a simple method

         is to reduce the number of  points averaged from 7 to 5  to 3

         points on approach to the boundary.

         Projections of Future Shoreline Changes



         Projections  are  used  by  DNR  for  regulatory and planning

         purposes.    All  projections  should  be  based  on specific

         assumptions about the future  conditions.  Generally what  is

         believed to  be the  present trend  of change  is used as the

         future projection.  However, it  is very possible in many  if

         not  most  areas  that  a  future  sequence  of  storms  will

         significantly change the assumed conditions.  The effects are

         especially unpredictable  near inlet  areas.   The data  near

         inlets are generally records of large shoreline fluctuations,

         losses and gains,  in response to  storms and changes  in the

         offshore  shoals.     The   future  would   logically  be  an

         expectation of the same.

         Another concern  is that  in many  areas with  presently high

         erosion or accretion rates, these levels of change may not be

         expected to  continue indefinitely.   Instead,  the shoreline

         should gradually reach an  orientation over some time  period

         that is  a balance  between the  directional prevailing  wave

         energy  and  the  available  sand  supply.    In such cases a

         judgment  can  be  made  based  on  the  feasibility  of  the

         projected location of the shoreline at the present high rate,

         and a choice of assumptions.  It is also possible to  develop

         and calibrate  longshore erosion  models for  such areas, but

         this has not yet been attempted for these projects.



         There are other problems with making projections for  armored

         areas, beach renourishments, and areas with several  combined

         influences.  Experience  and judgment are  called for in  all

         cases.

         Conclusions

         Historic shoreline changes in Florida can be studied using  a

         large data base  of historic coastal  map data and  DNR beach

         profile survey data, supplemented with aerial photography and

         other reference  information.   The changes  can be  analyzed

         geographically   and   temporally   in   developing  a  basic

         understanding of the major coastal processes occurring at the

         local  and  regional  level.    Shoreline change rates can be

         calculated  in  a  comparative  methodology  to yield results

         which are not highly method-dependent.  Projections of future

         changes will test the level of understanding.  A knowledge of

         historic changes  and projections  of future  changes can  be

         useful  tools  in  the  management  and regulation of coastal

         areas.
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