Development and Implementation of a 

Regional Coastal Monitoring Program for the State of Florida

Mark E. Leadon, P.E.1

ABSTRACT

The Florida Department of Environmental Protection’s Office of Beaches and Coastal Systems (OBCS) is responsible for programs for the protection and management of beaches and coastal systems of the State of Florida.  This responsibility includes the accurate measurement and analysis of data to document the condition of the State’s beaches and coastal systems, in particular the status of beach erosion, for the purposes of managing coastal development and natural resources.  Recent emphasis on regional sediment management has shifted the data collection effort to a more regional approach.  A regional data collection plan has been developed by the OBCS this past year which identifies four coastal regions within which comprehensive data collection will occur on a recurring cycle.  The regional plan also defines standards and technical specifications to be implemented in conjunction with the regional data collection.  

INTRODUCTION

The State of Florida conducts extensive beach management projects, predominantly beach nourishment, throughout the State.  A total of 299 miles of critical erosion have been identified by the OBCS of the 825 miles of sandy shoreline managed by the State.  Florida has over 60 inlets around the State which have resulted in erosional impacts to adjacent shoreline areas.  Combined local, state, and federal funding on the order of $90 million per year is invested in beach restoration activities in Florida.

It is important for the State of Florida to conduct monitoring of the State’s beaches and coastal systems for beach management purposes and for regulatory purposes. In both cases, short-term (e.g., storm event related) and long-term coastal behavior and response is of interest.  Use of physical monitoring data is primarily to assess erosion trends/rates, evaluate coastal processes,  compute and monitor sand budgets and pathways, and specifically assess project performance and impacts.  

A comprehensive, systematic, long-term coastal monitoring program which provides the State with physical data necessary to perform analytical evaluations and assess coastal conditions is a crucial component of Florida’s beach management program. Establishment of a standardized, systematic statewide coastal monitoring program was 
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initiated in 2001 through regional data collection plan development and implementation.   

HISTORIC OBCS DATABASE

The Florida Office of Beaches and Coastal Systems (OBCS) has a history of extensive physical coastal data acquisition extending back to the early 1970’s.  The OBCS data includes controlled vertical aerial photography and beach and nearshore profile surveys on 1000 foot intervals (approximate) for each of the 24 coastal counties with sandy beaches under the State’s regulatory and management programs.  The OBCS database also includes aerial photos dating back well prior to the 1970’s and historic shoreline and bathymetric data extending back to the late 1800’s.
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Figure 1.  Planview illustration of typical OBCS profile lines and aerial photo
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         Figure 2.  Example of OBCS pre-& post-storm profile cross-section overlays 

The initial data collection effort by the OBCS was predominantly to support the State’s coastal construction control line program.  Data was collected on a county-by-county basis with no particular logic to the order or sequence to the data collection from a scientific or analytical standpoint.  Post-storm data was also routinely collected, and by nature, in a generally very random manner.  Recent data collection (post-1990) has included airborne laser survey data, aerial videography, and, more recently (post-2000), wave data.     

There has been no active, shallow-water wave data collection program in recent years in Florida.  The University of Florida maintained a wave gage network around the Florida coast during the periods 1984-1989 and May 1993 - September 1995 with sponsorship from the OBCS and funding support from the U.S. Army Corps of Engineers (USACE).  In recent years, the only comprehensive source of wave data collection for the Florida coast are the deep water NOAA data buoys.  There have been a couple of isolated and intermittent gages operating on the Florida east coast.  Wave hindcast information is available through the USACE Coastal Hydraulics Laboratory (http://chl.wes.army.mil).  Figure 3 below depicts wave height and period data collected by a deep water NOAA buoy in the Gulf of Mexico as Hurricane Opal traversed across the Gulf.
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                 Figure 3.  Deep water NOAA buoy wave data from Hurricane Opal

The following is a listing of data contained in the OBCS historic database:

Profile Surveys

-  1970’s through Present;





    Historic Bathymetry from 1800’s

Aerial Photography

-  1970’s through Present;





    Historic Aerial from 1930’s

Shoreline Position

-  late 1800’s through Present 

Videography


-  1990’s

Wave Data


-  late 80’s; 2000 through Present


Airborne Laser Surveys
-  1990’s

REGIONAL COASTAL PROCESSES

Regional coastal monitoring provides for regional database development which can be utilized to perform analyses of regional coastal processes.  Regional monitoring allows for larger-scale evaluation of physical data obtained in a more uniform time scale.  Such regional monitoring can span entire and multiple barrier island/inlet systems.  This is a more systematic approach to collection of physical coastal data consistent with Florida’s strategic beach management plan (FDEP/OBCS, 2001), as well as, with recent Federal initiatives in conducting regional sand management.  Regional coastal monitoring provides a more consistent, uniform database for use in developing regional sediment budgets (Rosati,  2000).

Two examples of applicability of regional data are given below in Figures 4 and 5.  Figure 4 depicts a planview plot of the entire mean high water (MHW) shoreline of  Charlotte County, located along the southwest Gulf of Mexico coast of Florida (shoreline plot provided by E.F. Foster, OBCS).  The  plot shows a comparison of 1974, 1982, and 1998 shorelines.  The comparison plot shows large shifts in the position of the shoreline over an approximate 25 year period, predominantly related to the influence of a tidal inlet, Stump Pass, which was dredged for navigational purposes in 1980.
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           Figure 4.  Planview of mean high water shorelines from 1974, 1982, and 1998.

A map of the Sea Islands sub-region located along the northeast Atlantic coast of Florida and identified in the State’s strategic beach management plan is shown in Figure 5.  Long-term MHW shoreline change rates (from Foster, et al, 1999) were plotted for the sub-region and are depicted in Figure 5.  Very large accretional and erosional shoreline change rates are seen throughout this area which appear to be largely related to the influence of a number of tidal inlets in this sub-region.
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      Figure 5.  Shoreline change rates for the Sea Islands sub-region coast

 REGIONAL MONITORING PLAN

The concept of regional coastal monitoring is to perform synoptic data collection based on physical coastal systems boundaries rather than on political boundaries, and to obtain data for performing evaluations and analyses on a more comprehensive, macro-scale systems approach.  This concept is more consistent with regional beach management as defined in the Florida Statutes (Section 161.091, Florida Statutes).

The first phase of development of a Statewide Coastal Monitoring Program was performed in 2001 with the completion of the Regional Data Collection and Processing Plan in March 2001 (FDEP/OBCS, 2001; see http://www.dep.state.fl.us/beaches/) and initial data collection and processing work.  The regional data collection and processing plan includes establishment of 4 coastal quadrants or regions within the State where physical data is to be collected annually on a cyclical, recurring schedule as shown in Figure 6.  

The vast majority of the plan is devoted to defining standard contract documents and technical specifications for physical data collection and processing of the coastal monitoring data.  Technical specs are provided for acquisition, processing, and rectification of aerial photography, and acquisition of conventional topographic and bathymetric survey data, as well as, airborne laser survey data.  Technical specs are also provided for obtaining aerial videography and for establishing aerial photo control point targeting and acquisition.  The technical specs are based on obtaining a high level of data accuracy and using advancements in technology such as kinematic GPS technology.
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            Figure 6.  Map of four coastal monitoring regions in Florida.

The initial regional data collection was conducted in the southwest monitoring quadrant in 2001 and included predominantly aerial photography and conventional beach and nearshore profile surveys on FDEP survey lines.  The program currently consists of only physical data, and does not include other relevant monitoring data of interest, such as geotechnical or environmental data.  

Also considered as part of the physical monitoring data collection is oblique aerial videography and wave data acquisition.  The aerial videography is obtained annually for the entire coastal of Florida.  It is qualitative in nature, but considered to be very useful information in providing visual observations of coastal conditions and shorefront development.  Comparison of successive videography obtained over a multi-year period provides a means of qualitatively evaluating coastal changes, particularly significant in the case of, for example, a natural, unconstrained tidal inlet or assessing storm impacts. 

A wave data collection and analysis program, with associated weather information, was initiated in August of 2000 and consists of two major concurrent elements; first, installation and operation of a nearshore wave gage system, and second, wave transformation modeling to establish shallow water wave hindcast information at regular alongshore intervals of approximately one mile around the state.  The plan is to locate at least one gage in each of the 4 monitoring regions.  

Following initial testing and comparison with deep water NOAA buoy and shallow water PUV gage data, as well as, STWAVE (Smith, et al, 2001) model results, the first permanent gage was installed at Melbourne Beach in August 2001 (Dally, Osieki, 2001).  Continuous wave recording since installation has captured a series of northeaster and tropical storm wave occurrences including Hurricanes Gabrielle and Michelle.  The wave program is using ADCP gages from RD Instruments with deployment in water depths of 25-30 ft. (NGVD).  The data is being made available through the OBCS web site.  
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             Figure 7.  Wave installation at Melbourne Beach, Florida.
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           Figure 8.  Wave data collection component of regional coastal monitoring plan

The original monitoring plan was based on consideration that all data collection and processing would be performed by the OBCS with in-office survey staff in conjunction with some outside contract assistance.  More extensive and comprehensive data collection and evaluation associated with Florida’s many tidal inlets was included in the original monitoring plan.  The specific tasks and identified entities performing the work in the original plan is shown in Table 1.


TABLE 1

OBCS Regional Monitoring Work

     OBCS Staff





         OBCS w/contracted help
     Monument reconnaissance, recovery, and resetting
         Onshore Profiles 


     Offshore Profiles  (Lee, Collier, and Pinellas Co.)
         Inlet Bathymetric Surveys (6/yr)

     Aerial Photo control & Target control


         Additional Airborne Laser Tests

     Survey data processing

     Initial Aerial Processing

     Contracted out
     Aerial Photo Flight

     Final Aerial Photo Processing

     Wave and weather data collection and analysis

     Aerial Videography


As a result of logistical and budgetary constraints and to consolidate the various monitoring taking place within a coastal region, the plan was revised to combine the State’s regional monitoring program with erosion control project monitoring efforts.  Such a combined monitoring program was performed in the southwest region in 2001 with tasks broken out approximately as shown in Table 2 below.  The expanded inlet data collection portion of the original plan was also dropped as a result of budget constraints.


TABLE 2

OBCS Regional Monitoring Work

     OBCS Staff 





         OBCS w/contracted help


     Monument reconnaissance, recovery, and resetting 
         Onshore Profiles (Pinellas Co.)

     Offshore Profiles  (Lee, Collier, and Pinellas Co.)
         Aerial Photo flight

     Aerial Photo control & Target control


         Final Aerial Photo processing

     Initial Aerial Photo processing


         Wave data collection and analysis

 






         Aerial Videography

Erosion Control Project Monitoring Work

               

Monument recovery and resetting (Sarasota/Charlotte)

              

Onshore Profiles (Lee, Collier, Charlotte, Sarasota, Pinellas.;                

              

                             Longboat Key, Anna Maria Island)

               

Offshore Profiles (Charlotte, Sarasota.; Longboat Key, Anna Maria Is.)


The next region in which regional monitoring data collection is to be performed is the southeast region of the State (Brevard through Dade counties).  The projected breakdown of tasks and work distribution is similar to that of the southwest region with much of the work to be performed by local government sponsors through the State-supported erosion control project monitoring.  

The southeast monitoring region has the greatest coverage of beach restoration and nourishment projects in the State.  For perspective, Figure 9 shows an illustration of the approximate extent of projects in the region.  Some additional areas like Indian River, Palm Beach, and Broward counties have some relatively large projects pending which are not shown here.  Linking all of these projects into a larger comprehensive regional data collection effort makes sense.  A number of the counties in this region, including Martin, Palm Beach, Broward, and Dade, have already consolidated projects into county-wide data collection.  The regional monitoring program will provide aerial photography for the entire SE monitoring region.
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    Figure 9.  Approximate extent of beach restoration/nourishment projects in SE Florida.

FUTURE WORK

Future regional monitoring work will be to continue the regional data collection effort making adjustments and updates to the data collection and processing plan as applicable, particularly with regard to the technical specifications.  Continued expansion of the wave data collection program is planned, as well as further acquisition and evaluation of airborne laser acquired topographic and bathymetric survey data.  

The image shown in Figure 10 is a 3D image of airborne laser survey data acquired by the USACE Mobile District using its SHOALS laser system.  The survey image shows a view of the Pensacola Pass entrance channel and adjacent ebb tidal shoals looking from the Gulf of Mexico south of the Pass toward the north.  The image is vertically exaggerated and includes the eastern tip of Perdido Key on the left and the western tip of Santa Rosa Island on the right.
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       Figure 10.  3D image of Pensacola Pass and adjacent ebb shoal

A future phase of the program includes consideration of development of analytical standards and technical specifications.  Incorporation of other data types into the regional monitoring program including geotechnical and environmental data should be considered in the future.

CONCLUSIONS

The Florida Office of Beaches and Coastal Systems has developed a regional data collection and processing plan, the first phase of development of a statewide coastal monitoring program.  The regional plan is more consistent with regional beach management described in Chapter 161, Florida Statutes, in contrast to previous data collection by OBCS which was primarily in support of state coastal construction control lines.  The plan includes establishment of technical standards for physical data to be collected on a regional basis.

Initial regional data collection was performed in 2001 in the southwest region, one of four coastal monitoring regions established for recurring, cyclical data collection.  The data collection incorporated erosion control project monitoring in partnership with local governments where viable.  Regional data collection in 2002 will be in the southeast region.

In addition to conventional surveys on OBCS profile lines and aerial photography, the plan includes aerial videography, airborne laser and wave data collection.  In 2001, a nearshore wave gage station was established in Melbourne Beach, as well as work performed on development of a nearshore wave hindcast database.  Future work will include continuation of regional data collection, continued wave program development, continued acquisition and evaluation of airborne laser survey data, and consideration of further technical standards development. 
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