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A.  Introduction 


In response to the Announcement of Funding Opportunity by the CSCOR/COP South Florida Ecosystem Restoration Prediction and Modeling Program (SFERPM) we are proposing a two year study of the circulation and exchange processes that regulate the residence times and flushing rates within the interior basins of Florida Bay. This project will be conducted through CIMAS, Task 3, Theme 3: Coastal Ocean Ecosystem Processes. The Florida Bay Science Oversight Panel (FBSOP) and Program Management Committee (PMC) have identified the determination of circulation and exchange rates between interior basins of Florida Bay and with the southwest Florida shelf as a primary research need for predicting the effects of modifying fresh water supply to the Everglades as part of Everglades restoration plans. At present it is not understood how the proposed changes in water delivery, with increased fresh water flows to Shark River and Taylor Slough will affect salinity variability within Florida Bay. However, it is generally agreed that the large seasonal and longer period variations of salinity within the Bay have significant impacts on the sea grass and plankton communities within the Bay, and possibly also with adjacent marine ecosystems of the southwest Florida shelf and Florida Keys National Marine Sanctuary (FKNMS) due to transport processes linking the regions. Reliable model predictions of the physical and biological effects of Everglades restoration plans require a better understanding of the physical processes regulating water exchange and residence times within the Bay and with adjacent coastal regions. The research proposed here is designed to provide this information, as well as address several of the central questions presented in the Strategic Science Plan for Florida Bay. In particular, the research will address the following questions: 1) How and at what rates do storms, changing freshwater flows, sea level rise and local evaporation/precipitation patterns influence circulation and salinity patterns within Florida Bay and the outflow from the Bay to adjacent waters? 2) What mechanisms control the sources and sinks of the Bay’s nutrients? 3) What regulates the onset, persistence and fate of planktonic algal blooms in Florida Bay? 5) What is the relationship between environmental change and the recruitment, growth and survival of animals in Florida Bay? 


The research proposed will attempt to quantify the circulation and exchange rates influencing salinity variability in the eastern, central and western subregions of the Bay and their interactions with connecting regions. This information is needed for validation and evolution of hydrodynamic and water quality models of Florida Bay constructed by the U. S. Army COE and F. Aikman of NOAA/NOS. Our proposed observations will help to quantify the rates, patterns and variability of transports within Florida Bay and interactions with waters of the southwest Florida shelf and ultimate influences on the FKNMS. This information is also needed by other investigators of the SFERPM to help understand nutrient cycles and the persistence of algal blooms, and will benefit EPA and FKNMS by providing an improved understanding of the mechanisms that regulate water quality and transports to the reef Sanctuary that affect the sustainability of coral ecosystems.

B.  Rationale 


There is concern that the Florida Bay ecosystem structure may be undergoing a transition from seagrass to plankton dominant production as indicated by large areas of seagrass die-off and persistent plankton blooms. The causes and consequences of these shifts are unclear, although hypersalinity conditions are believed to play a significant role. To help reduce stresses from hypersaline conditions that develop in interior basins of the Bay (Fourqurean et al., 1993) and restore a more natural fresh water delivery, the South Florida Water Management District (SFWMD) and U. S. Army COE are planning to redistribute surface water flow to the Everglades by increasing the flow to Shark River and Taylor Slough. The ultimate fate of this increased discharge to Florida Bay is still uncertain for, models to date have been unable to reproduce the observed spatial and temporal salinity patterns. Part of the problem is due to uncertainties in the quantity and locations of fresh water inputs, but also due to the scarcity of precipitation and evaporation measurements, and the poor understanding of the mechanisms and rates of inner basin exchanges. 


Florida Bay is made up of a complex maze of shallow basins with depths ranging from 1-3 m separated by mud banks and mangrove islands and connected by narrow channels (Figure 1). The mud banks are sometimes exposed during the dry season (typically winter/spring) causing further isolation of the basins.  The Bay is openly connected to the southwest Florida shelf along its wide western boundary, but exchange with the Atlantic coastal zone of the Keys is restricted to a few narrow tidal channels between the Keys island chain. The northern boundary is mangrove fringed with fresh water input in the northeastern region through Taylor Slough and Trout River. The rapid fall-off of tidal range with distance from the western boundary (Wang et al., 1994) and the dramatic increases observed in interior salinities (Fourqurean et al., 1993; Nuttle, et al., 2000) indicate poor exchange of the northeast and central portions of the Bay with adjacent subregions. However, no comprehensive studies have been made to quantify patterns and rates of inner basin exchanges and resulting residence times. Nuttle et al. (2000) estimated the seasonal cycle of freshwater fluxes to Florida Bay for the period 1970 to 1995 (Figure 2a). There are essentially two seasons defined by monthly average rainfall; the winter/spring dry season and summer/fall wet season. Rainfall and evaporation water flux for the Bay as a whole have large seasonal changes that tend to nearly balance and are much larger than runoff, which occurs only in the northeast region of the Bay. Nuttle et al. also combined all the salinity data available for the 31 year period 1965 to 1995 to estimate mean seasonal cycles of salinity for the east, west, south and central regions of the Bay (Figure 2b). All regions showed maximum mean salinity at the end of the dry season and minimum toward the end of the wet season. Largest amplitudes of the seasonal cycles were found in the central and eastern regions suggesting greater isolation from the moderating effects of southwest Florida shelf waters, as compared to the western and southern regions where greater exchange is expected. Also maximum salinities occurred in the central region, again indicating a greater degree of isolation from adjacent regions. Minimum salinities were found in the eastern region, indicating a significant local effect from river discharge. However, it is not clear at present by what mechanisms the basins interact with adjacent waters, nor have the exchange pathways been described or rates of exchange and residence times quantified.

C. Relevant Results from Prior Support 


The investigators on this present proposal were initially supported by SFERPM in July 1997 for a two year study of the circulation and exchange processes linking western Florida Bay and Shark River discharge to the larger scale region of the southwest Florida shelf and Florida Keys coastal zone. This effort was subsequently extended to a third year due to the large interannual climate variability caused by the 1997-1998 El Nino. Observational methods consisted of a combination of bi-monthly interdisciplinary surveys over the complete south Florida region, similar high-resolution monthly surveys within Florida Bay, in-situ moorings in the southwest and Florida Keys coastal zones, shipboard Acoustic Doppler Current Profiler (ADCP) transport transects in the major Keys flow passages, and bi-monthly deployments of Lagrangian surface drifters in the Shark River discharge plume. These measurements were designed to describe and quantify the circulation and exchange pathways as related to local forcing and coupling with the waters of the Atlantic and Gulf. The observations were also intended to provide necessary boundary conditions for physical and biological models. This effort has resulted in a number of manuscripts published, submitted and in preparation (Lee and Williams, 1999; Lee et al., 2000a; Lee et al., 2000b; Smith and Lee, 2000; Johns et al., 2000; Lee et al., 2000c; Lee and Smith, 2000). Relevant scientific results from this study indicate that the south Florida coastal system consists of several distinct, but strongly connected marine environments. Linkages between subregions are provided by circulation and exchange processes responding to both local and remote forcing. 


The southwest Florida shelf represents the southern extreme of the west Florida shelf as it merges with the Florida Keys. Thus this region is highly influenced by the processes occurring on the west Florida shelf, such as strong synoptic wind forcing, seasonal changes in wind forcing, river discharge and stratification, and Loop Current excursions into the northeast Gulf (Lee et al., 2000a and b). As a result, the variability of local circulation patterns is highly dependent on synoptic scale winds. There is also a seasonal pattern in the upper layer currents which are more southward in the winter, spring and fall, changing to northward in the summer with a shift of summer winds to southeasterly. Whereas, the lower layer currents are more persistent toward the south throughout the year. Surprisingly, the strength of the mean southward flow appears to vary with the position of the Loop Current as recently suggested by Hetland et al. (1999): a fully extended, mature Loop Current was related to weaker southward mean flows, and a young Loop Current that remained near the Tortugas for about 9 months from March to Nov. 1998 occurred with increased southward mean flow. Cross-shelf flows indicate an “estuarine-like” circulation occurring for most of the year with offshore flow in the upper layer and onshore in the lower layer.

The connection between the southwest Florida shelf and Keys coastal zone is provided by the transports through the Keys passages. Our ADCP shipboard measurements across the passages of the middle Keys shows subtidal transport variations ranging from about + 300 to - 1500 m3/s with negative values representing flow toward the reef tract and positive toward Florida Bay (Smith and Lee, 2000). Longer time series estimates of volume transport and sea level difference across the Keys show that these subtidal transport variations are due to local wind forcing that produces a different sea level response in each shelf region, thus causing a sea level slope across the Keys and transports ranging from + 1400 to -3500 m3/s (Lee and Smith, 2000). In addition, a mean southeastward transport of about -1000 m3/s was estimated that opposes the prevailing winds and appears to be related to the mean southward transport derived from the moored current measurements on the southwest Florida shelf (Lee et al., 2000b). This indicates that the Loop Current in the Gulf of Mexico must play an important role in maintaining the mean southeastward flows through the Keys passages that link the inner regions of the west Florida shelf to the Keys coastal zone. 


The southeastward mean flow connecting the two shelf regions provides the source water for western Florida Bay and entrains the fresh water outflows from the Everglades through the Ten Thousand Islands (Johns et al., 2000). The magnitude of this mean southeast flow is about 100 to 200 times larger than the freshwater outflow from the Everglades, which results in a low-salinity band that is trapped along the coast of the Ten Thousand Islands and extends to the southeast into western Florida Bay. Transport of this low-salinity water to western Florida Bay provides an additional source of fresh water that, together with discharges from Taylor Slough and Trout River in northeast Florida Bay, help to reduce hypersaline conditions in the central region of the Bay. 


Trajectories of nearsurface drifters deployed in the Shark River discharge plume show that there are three common pathways that connect the entire south Florida coastal system (Lee et al., 2000b). The primary pathways are either to the southeast and through the passages of the middle Keys, which is most common during winter and spring, or southwest to the Tortugas during the fall. Advective time scales to reach the Keys coastal zone are one to two months for these routes. The third pathway is to the northwest in the summer and eventual entrainment by the Loop Current, followed by transport to the Tortugas. This exchange route takes place over a 3 to 6 month time period. After drifters reach the Keys coastal zone they tend to either recirculate in coastal eddies and wind driven countercurrents for periods of 1 to 3 months, or become entrained in the Florida Current and removed from the coastal system (Lee et al., 1992; Lee et al., 1994; Lee et al., 2000a).


The combination of recirculating current systems that take part in linking the different subdomains of the south Florida coastal region tend to form an effective retention zone for locally spawned larvae. The varied time scales to circuit the different size eddies or coastal recirculations provide the larval pathways and opportunities for recruitment from both local and foreign sources (Lee et al., 2000a and b).

D.  Proposed Research


We propose a coordinated approach with other ongoing and proposed studies using a combination of Eulerian and Lagrangian measurements, together with high resolution interdisciplinary shipboard surveys, to describe and quantify the 3-dimensional salinity variability, circulation and exchange within the eastern, central and western basins of Florida Bay due to local and remote forcing on daily to seasonal time scales. The primary objectives of the study are:

1) Determine the time evolution of the 3-dimensional salinity and temperature structures within interior basins during wet and dry seasons together with net salt transports between adjacent water bodies.

2) Derive the local changes of basin averaged salt and combine with salt advection from 1) above, together with improved estimates of precipitation and evaporation to make estimates of seasonal salt balance and exchange rates for eastern, central and western basins.

3) Determine the pathways and rates of water exchange between Florida Bay interior basins and connecting regions and estimate residence times for these basins.

4) Quantify the net volume transports between interior basins and adjacent regions on tidal, event and seasonal time scales.

5) Describe the important physical processes regulating spatial and temporal salinity variability and forcing circulation and water renewal within the basins.

6) Determine the advection and dispersion of fresh water discharge from Taylor Slough and Trout River on event and seasonal time scales.

7) Identify important physical processes for use in model evolution and provide highly resolved spatial and temporal circulation and salinity data for use in model evaluation.

8) Participate with the Physical Science Team in model evaluation and consideration of future impacts from different alternatives for fresh water delivery to the Bay.

1.  Methods

 
Understanding the circulation and exchange of Florida Bay interior basins and connecting regions, and the fate of fresh water discharges from the Everglades, requires a combination of different observing techniques. High-resolution Synoptic interdisciplinary surveys are needed to determine the spatial patterns of the circulation and water mass properties during different seasons and following atmospheric forcing events, and to quantify volume and salt transports across the shallow mud banks and through the narrow connecting channels. These data are used to determine the local changes in basin-average salt content. The data are also used to estimate the advective/dispersive pathways of fresh water discharges and their associated nutrient inputs and plankton responses. In-situ moored instrumentation are necessary to derive time series of volume and salt transports through the connecting channels and sea level slopes across the mud banks. These data also provide quantitative results for comparison with hydrodynamic models. Lagrangian drifters are necessary to determine the circulation patterns within the basins. Drifter trajectories will be compared to movements of dye and sulfur hexafluoride releases proposed by G. Hitchcock (RSMAS) to estimate advective/dispersive time scales and patterns. Due to the shallow depths involved special small-size drifters using GPS and cell phone technologies will be constructed for this purpose. Wind and sea level data are needed for analyses with in-situ current meter and bottom pressure records for understanding the response of the interior basins and adjacent waters to wind forcing. These data are available from the ENP monitoring stations and local CMAN/Seakeys stations. Evaporation, precipitation and river flow data and model data will be available from ENP, USGS, SFWMD and C. Mattocks atmospheric model (See Coordination with Other Program Elements below). Estimates of net flows in the open Gulf transition region to the west of  Florida Bay’s bank/basin areas will be available through SFERPM monitoring projects.

2.  Experimental Design

The observational program will focus on the three characteristic regions of the interior of Florida Bay, represented by central, northeast and western basins. Whipray Basin (Figure 1) is chosen for the central basin study for it is one of the most isolated basins, receives little fresh water runoff and develops hypersalinity conditions in the dry season with high turbidity levels and algal blooms (Fourqurean et al., 1993; Nuttle et al., 2000; Johns et al., 2000). The northeast basin consists of the region east of the Black Betsy Keys and north of Cross Bank. This region receives the fresh water discharge from Taylor Slough and Trout River along the northern boundary and displays large seasonal changes in salinity, with minima in the fall and strong spatial gradients that tend to coincide with bank bathymetry (Fourqurean et al., 1993; Nuttle et al., 2000; Johns et al., 2000). Rabbit Key Basin is chosen for the western basin for it is well-defined within the confines of the broad, shallow Nine Mile and Dildo Key Banks and is openly connected to adjacent areas through narrow flow channels. Salinity changes in this region tend to be moderated by exchange with the open Gulf transition region of western Florida Bay (Nuttle et al., 2000).

Each basin will be the focus of an intense two month study during wet and dry seasons over a three year period (assuming funds are available for a third year).  During year one the focus will be on the central basin, year two on the NE basin and year 3 on the western basin. The experimental approach will be similar in each season and for each basin. The experimental design is shown in Figure 3 for the central basin, but is representative of the design strategy to be applied to the NE and western basins as well. 

Volume and Salt Transports: An in-situ array of moored current, conductivity, temperature (CT) and bottom pressure recorders will be deployed for a two month period during the first wet season and repeated during the following dry season (Figure 3 and see Milestone Chart). Current meters and CT recorders will be placed in the flow channels connecting Whipray Basin to adjacent basins to make time series estimates of volume and salt transports through these channels. N. Smith (personal communication) has suggested a flushing mechanism for western basins consisting of inflow over the shallow banks by tidal pumping and persistent outflow through the deeper channels. A similar mechanism may be applicable to the central basin although although sea level variations are more a function of wind forcing than tidal pumping due to damping of the tidal wave by the shallow banks (Wang, et al., 1994). Our working hypothesis is that local wind setup of sea level can cause inflow over the shallow banks, with return flow occuring in the deeper channels. Therefore it will be necessary to determine the volume and salt transports across the shallow banks using our catamaran small boat survey vessel equipped with a 1200 KHz Acoustic Doppler Current Profiler (ADCP) mounted forward of the hulls and continuous measurement of CT and Chl with a flow-through pumping system. We plan to make these ADCP, CT, Chl transects along the edges of the banks surrounding Whipray Basin several times per day over 3-day periods and repeated bi-weekly during the 2-month experiment. The vessel ADCP transects are shown in Figure 3 and time is given in the Milestone Chart. CTD profiling will also be made to check for salty layers coming off the banks. The ADCP transects will in addition be used to calibrate the volume transport in the flow channels for conversion of current meter time series into volume transport time series. The combination of ADCP transects with salinity will provide estimates of salt transport across the banks (uS) and the current meters with conductivity will give salt transport in the channels, both of which are needed for the salt balance calculation. 

Sea Level Variability: Bottom pressure recorders will be installed in the center of Whipray Basin and east of the Dragover for the 2-month long experiments (Figures 1 and 3). These data will be combined with ENP sea level gauge data to compute sea level differences across the banks separating Whipray Basin from adjacent basins. The sea level differences are expected to drive the flow through the connecting channels as was found for the channels in the Florida Keys (Smith and Lee, 2000; Lee and Smith, 2000). Regression analysis will be used to compare the sea level difference time series with volume transports. Sea level variability due to tide and wind forcing will be investigated.

Evolution of 3-Dimensional Salinity Fields: High resolution, synoptic surveys of the 3-dimensional structure of the salinity and temperature fields inside Whipray Basin will be made with the high speed catamaran several times per day following the ADCP transects along the banks for three day periods (Figure 3). CTD profiles will be made at selected stations to provide the third dimension. These 3-day survey sequences will be repeated bi-weekly over each of the two month experiments and will be use to compute daily to seasonal changes in basin averaged salinity. These data are required to compute the local derivative of basin averaged salt, ∂S/∂t that will be used in the salt balance estimates. 

Circulation Patterns: Daily circulation patterns inside the basin will be determined using specially designed shallow surface drifters that record GPS positions and transmit when interrogated via cell phone. Clusters of three drifters each will be deployed in the north, central and southern parts of the basin at the start of the first salinity survey (Figure 3). Drifters will be interrogated throughout the day and either recovered at the end of the day and redeployed the following day or left for longer periods if not in danger of grounding on a bank. The drifter trajectories and their deviations will provide information about advective/dispersive exchange routes. Drifter trajectories will be analyzed with available wind data to estimate local wind forcing influence on basin circulation. Drifter releases are planned to coincide with dye and sulfur hexafluoride releases being proposed by G. Hitchcock (RSMAS) for use in estimating flushing rates and residence times.

Connection to Bay-Scale and Regional-Scale Salinity Variability: As part of the proposed SFERPM monitoring project for south Florida ecosystems we are planning to continue the ongoing monthly surveys of CT, Chl and nutrients over the entire Florida Bay system with the high speed catamaran. These monthly surveys will be coordinated with our proposed interior basin experiments so that the Bay-scale surveys will take place at the beginning, middle and end of each 2-month basin study. This will place the salinity field of the basin within the larger setting of the entire Bay so that the influence of evolving spatial gradients can be determined. Likewise, we plan to continue the bi-monthly surveys of the CT, Ch and nutrient fields over the total south Florida coastal system with the RV Walton Smith as part of the SFERPM monitoring project. These surveys cover the Keys coastal zone from Miami to the Tortugas and the southwest Florida shelf from western Florida Bay to Naples. Previous regional-scale surveys have shown low-salinity intrusions into western Florida Bay from Shark River discharge (Lee et al., 2000; Johns et al., 2000) and eastern Gulf rivers including the Mississippi (Ortner et al., 1995; Gilbert, et al., 1996) that can moderate salinity fluctuations within the Bay.

Salt Balance: The experimental strategy is design to provide the volume and salt transports into and out of the basin at the same time that detailed measurements of salinity structure are made from which accurate estimates of basin average salinity will be obtained. From mass balance equations for conservation of basin volume we have:

1)

Qi + r + P = Qo + E

where Qi is the inflow volume to the basin and Qo is the outflow volume, r is river discharge, P precipitation and E is the volume lost by evaporation. From conservation of salt we have that the salt transport into the basin must equal the salt transport out provided the salinity within the basin is not changing:

2)

Si Qi = So Qo

with Si representing the salinity of the inflow waters and So the salinity of the outflow. However, if the salinity inside the basin does not remain constant then: 

3)

∂/∂t ∫∫∫V Sb dV = Si Qi – So Qo

where Sb is the local salt concentration in the basin, V is the basins volume and t is time. If S is the volume average salinilty of the bay then equation 3) becomes:

4) V ∂S/∂t = Si Qi – So Qo

From conservation of volume, using R = (r + P) – E we have:

5) Qi = Qo – R

Substituting equation 5) in 4) gives:

6) ∂S/∂t = Si (Qo – R) / V – So Qo / V

Using Q’ = Qo / V , and R’ = R / V we can estimate the basin’s fractional exchange rate:

7) Q’ = (∂S/∂t + R’ Si) / (Si – So)

We will use this approach to estimate the basin exchange rates and and residence time T = 1/Q’ for the different seasons and compare to estimates of exchange rates from the current measurements and direct estimates from G. Hitchcock tracer studies. The salinity terms needed for 7) will be obtained from the moored and shipboard salinity measurements. Estimates of P will be made using data from ENP atmospheric stations located nearby Whipray basin (Figure 3). Values for r can be obtained from USGS and SFWMD river discharge data, but are not expected to be inportant for the central basin and any low-salinity advection into the basin should be measured with the moored conductivity array and shipboard surveys. More difficult will be obtaining reliable estimates of E. We hope to be able to use improved measured values from other studies being proposed, but in case that does not work out we will use estimates from C. Mattocks high resolution atmospheric model together with calculation of E from bulk transfer equations. Nuttle et al. (2000) estimated an annual average evaporation rate for the whole of Florida Bay at 110 cm/yr that was maximum in spring (about 12 cm/mo, 2a) and minimum in winter (about 7 cm/mo). The annual average was spatially uniform over the central, southern and western regions of the Bay at about 128 cm/yr, but decreased to 83 cm/yr in the eastern region. 

E.  Principal Investigators Responsibilities


The following table provides a summary of the primary scientific interests and tasks for each of the Principal Investigators. All investigators will be involved in every aspect of the study, but will take a lead role in the science issues listed below. The investigation of each science issue will involve incorporation and analysis of many different types of data, but each P. I. will have a primary responsibility for the measurement types listed below.



Table 1. Responsibilities of Principal Investigators.

	Investigator
	Primary Science Issue
	Primary Science Task

	Tom Lee
	Channel volume transports,

Sea level variability,

Salt Balance,

Basin exchange rates,

Model/data comparisons.
	Analysis of moored currents, bottom pressure, C/T, ENP sea level data, CMAN data and 

Interact with modelers.

	
	
	

	Libby Johns
	Basin salinity variability,

Connections to Bay and Regional scales,

R + P – E,

Exchange pathways.


	Analysis of small boat and shipboard hydrographic data (basins, Bay-scale and regional-scale surveys), fresh water discharge, evaporation and precipitation, chlorophyll and nutrients (from collaborations with others).

	
	
	

	Doug Wilson
	Basin circulation,

Cross-bank transports,

Wind forcing.
	Anaylsis of in-situ conductivity and temperature data, drifter trajectories, ADCP transects with C/T, ENP and CMAN data.


E. Coordination With Other Program Elements


We have been interacting with a number of other investigators in planning a set of coordinated research projects aimed at determining the circulation and exchange rates within Florida Bay interior basins, as well as modes of interaction between Florida Bay, Everglades discharges and the surrounding waters of the Gulf and Atlantic. The following is a list of investigators that are submitting separate proposals or have underway projects and how we plan to coordinate our research efforts.

1)  Gary Hitchcock and John Wang (RSMAS) - Our efforts are highly coordinated. They are planning a dye study to directly measure advection/dispersion and flushing rates of interior basins. We will focus on the same basins at the same time. Their fluorometer surveys of dye concentrations will coincide with our drifter release experiments. They are also planning to deploy recording fluorometers at our moored current, CT stations. In addition G. Hitchcock takes part in our regional scale interdisciplinary surveys.


2)  Ned Smith (Harbor Branch) - Ned Smith is conducting current meter measurements in the major passages between the Keys and has made the only measurements of currents within the interior of Florida Bay to date, and he has made current measurements along the western open boundary connecting the Bay with the Gulf. He is also working with Dewitt Smith of ENP on analyzing the tides in the Bay. We plan to continue to work with Dr. Smith to calibrate transports through Bay channels and Keys passages to investigate the physical mechanisms controlling the water renewal in the interior basins.  


3)  Dewitt Smith (ENP) – We plan to work closely with Dewitt Smith in combining ENP sea level data with our bottom pressure records to determine sea level slopes driving flow across the mud banks and channels. We also plan to analyze ENP station wind, C/T, P and E data as part of our studies of circulation and salt balance.

4)  Frank Aikman (NOS) - We will continue to collaborate with circulation model development and application activities. We have been providing Frank Aikman with currents, bottom pressure, sea level slopes and drifter data for evaluation of the large-scale regional circulation model (Princeton Ocean Model). Initial comparisons indicate that the 2-dimensional version of the model is reproducing the sea level response to tide and winds reasonably well. However, the high-resolution COE Bay model and the FATHOM box model were found to have significant differences from observed salinity variability. Our proposed studies of the Bay’s interior lagoons will aid the development and application of hydrodynamic and water quality models to this complex region.



5)  Craig Mattocks and Paul Willis (NOAA/AOML) – We plan to collaborate with C. Mattocks and P. Willis to obtain the best available data on precipitation from NEXRAD and ARPS atmospheric model gridded data of wind, evaporation and precipitation. 


6)  Physical Science Team (PST) – T. Lee is the Chair of the PST and E. Johns and D. Wilson are members as well. Therefore we will continue to be active in working with this group to better understand the Bay’s interactions and to improve model predictions of future water deliveries.   

7)  Joan Browder, William Richards and Cynthia Young (NOAA/SEFC) and M. Criales (RSMAS) - We plan to continue to compare our results on possible recruitment pathways with biological sampling data collected in other programs.


8)  FKNMS – We will continue to collaborate with persons from the FKNMS with regard to physical processes in the coupled basin-bay-shelf ecosystem. We try to place new data and findings on our web site (http://mpo.rsmas.miami.edu/flabay/) as soon as possibly for use by other researchers and Park/Sanctuary managers.

Budget Justification


The attached budgets are separated into U. Miami and AOML components. Tom Lee, Elizabeth Johns and Doug Wilson are co-P.I.'s on the project and all have considerable experience with shipboard surveys, drifters and moored measurements. As presented in Table 1, Tom Lee will concentrate on in-situ currents and bottom pressure measurements. Due to the shallow depths involved four small size acoustic current meters are requested (SonTek Agronaut). Doug Wilson is in charge of construction of the proposed drifters. He and D. Bitterman are designing a new small size dirfter that sends GPS data on command via cel phone. Nine of these drifters are needed the first year for circulation and dispersion in the basins. The remainder of the Budgets are straightforward and costs have been kept to a minimum with AOML providing a large fraction of the costs. There are no funds requested for small boat time to conduct the interdisciplinary surveys and to deploy and recover instruments. This will be provided by AOML using a shallow draft, high speed catamaran instrumented for rapid surveying. 
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