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[bookmark: _Toc463620155]Introduction
Tetra Tech and AMEC were contracted by the Florida Department of Environmental Protection (department) to address department and stakeholder issues regarding the set up and calibration of the current versions of the Caloosahatchee River and Estuary Hydrologic Simulation Program – Fortran (HSPF) and Environmental Fluid Dynamics Code (EFDC) models. These models will be used to develop total maximum daily loads (TMDLs) for impaired freshwater bodies within the Caloosahatchee River Basin and to refine the Caloosahatchee tidal estuary TMDLs that the department adopted in 2010. The department provided two sets of EFDC model files that contained data and ran from January 1, 2008 through December 31, 2010, as well as a report on the models developed by Dynamic Solutions and CDM in 2009 (2009 Model). However, the original EFDC model files developed by Dynamic Solutions and CDM that were used to prepare the 2009 report were not located or provided to Tetra Tech. The model files provided by the department were believed to be the department’s updated model (2014 Model), which included modifications to the 2009 Model, such as extending the model simulation time and adjusting the delineation boundaries.
[bookmark: _GoBack]Task 1, which was finalized on April 14, 2016, identified the changes and updates that should be made to improve model calibration and address stakeholder concerns related to both the HSPF and EFDC models. Task 2, which was finalized on September 29, 2016, was the updated HSPF hydrologic model based on the recommendations set forth in Task 1. Task 3 was the updated the HSPF model to address the water quality recommendations from Task 1. Task 4, which was finalized on May 5, 2016, was to convert the existing EFDC model (DS-EFDC), which is a proprietary application, into a public domain application (PD-EFDC) and incorporate the light module from the existing proprietary model. Task 5, which is presented in this memo, was to update the EFDC model to address the recommendations from Task 1 and to evaluate the model’s hydrodynamic calibration. This memo includes the hydrodynamic calibration results, modifications of the changes made, and recommendations to improve the calibration.
Throughout this memo, the Dynamic Solutions/CDM model will be referred to as the “2009 Model” and the department’s updated version of the model will be referred to as the “2014 Model.” The new model will be referred to as the “2017 Model,” which is reflective of the project completion date in 2017.


[bookmark: _Toc463620156]Summary
During Task 5, Tetra Tech focused the EFDC model updates on the recommendations from the Task 1 memo to address major department and stakeholder comments, as well as issues that Tetra Tech identified with the original model that would limit the model’s ability to provide the information needed for the TMDL and basin management action plan (BMAP). For this task, Tetra Tech processed all new data input files for the full model simulation period (1996 – 2014). The department was unable to provide Tetra Tech with the original data processing sheets and information about processing methodologies; therefore all files had to be reprocessed to ensure that a consistent method was used for the full model simulation period. The model calibration for this task focused on the hydrodynamic results in comparison to available measured data in the watershed. 
The major modifications and changes made by Tetra Tech to the EFDC model are as follows:
· Extended the model simulation period through December 31, 2014 (the 2014 Model ended on December 31, 2010).
· Added cells to the model grid to represent the tidally influenced streams/reaches in impaired waterbody identification (WBID) numbers.
· Revised the model grid to better represent the topographical and hydrographical characteristics of the Caloosahatchee River Estuary.
· Updated the bathymetry using data from the South Florida Water Management District (SFWMD).
· Updated the open, freshwater, north, and south model boundaries using the latest data.
· Processed National Climatic Data Center (NCDC) Summary of the Day (SOD) and NCDC Surface Airways (SA) weather data for precipitation, relative humidity, atmospheric temperature, cloud cover, solar radiation, atmospheric pressure, and wind speed and direction for use in the model.


[bookmark: _Toc463620157]EFDC Model Setup
[bookmark: _Toc463620158]Model Grid
The EFDC model grid was modified to better represent the topographical and hydrographical characteristics of the Caloosahatchee River Estuary. The most relevant modifications include: 
· Grid alignments to better represent the channel in the riverine region and the sub-channels within the embayment area. Examples of these changes to the grid alignment are shown in Figure 1 and are highlighted by red polygons. The alignment is critical to ensure an appropriate bathymetrical connection between cells and to enable the model to transport salinity from the open areas to upstream areas of the river. 
· Removal of cells and blockage of cells in no flow areas. Several cells were removed from the model domain to reflect the presence of islands and obstructions restricting flow circulation in the system. In Figure 1, examples of these areas are highlighted by yellow arrows. The presence of thin obstructions, such as highways in the embayment area, were included in the grid by imposing a no flow condition in one of the sides of the computational cells. These updates are included in the Mask.inp file. 
· Reconfiguration of cells within marsh and mangrove areas. Although these areas have a continuous dynamic connectivity to open flow areas, such as the embayment and riverine portions of the Caloosahatchee River, in most cases the exchange of flow occurs through small channels or preferential paths, which convey water from the open areas into and out of these vegetated areas. To reflect this preferential flow condition, cells in the boundary between the vegetated areas and open water areas were removed leaving only cells above channel regions. Examples of these areas are shown in Figure 1 with a purple curve.
· Incorporation of tributaries. In order to assist the department in developing TMDLs for the impaired WBIDs and to assist with model calibration, tributaries and inlets along the Caloosahatchee River were incorporated into the EFDC model grid. The following seven tributaries were added, and have bidirectional flow due to tidal propagation: 
· Cape Coral Canals
· Deep Lagoon Canal
· Yellow Fever Creek
· Billy’s Creek
· Orange River
· Popash Creek
· Telegraph Creek

An additional four inlets were added to the model in the Deep Canal Lagoon WBID (3240A4), which corresponded to locations where measured water quality data were collected in the WBID. Figure 2 shows the revised grid with the tributary and inlet extensions, as well as the locations of the impaired WBID and hydrodynamic/flow stations.
In addition to the changes discussed above to reconfigure the model grid, the model grid was changed from a Sigma grid to a generalized vertical coordinate (GVC) multi-layer grid. 
The 2009 and 2014 EFDC Models used a sigma grid of four layers, which resulted in cell depths ranging from 0.1 meters to 5 meters. The 2017 EFDC Model was changed to a GVC grid with a maximum of five layers in any cell, with an average cell depth of about 1.5 meters. This adjustment increased the number of layers and the model’s vertical resolution in the deeper areas, and decreased the number of layers in the shallower seagrass cells. GVC grids are in general less numerically dispersive than sigma grids particularly in regions where the flow transitions from shallow areas to deep areas such as natural sub channels or navigable channels. Given the bathymetric changes observed in the Caloosahatchee River, the use of a GVC grid should result in a less numerically dispersive model. The number of layers used in each grid cell are shown in Figure 3.
The above changes constitute the most important updates to the model grid. The final grid may include minor modifications depending on the performance of the model grid during calibration and validation.
[image: ]
[bookmark: _Ref452551185]Figure 1: Example of updates to the 2017 EFDC Model grid 
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[bookmark: _Ref452723393]Figure 2: 2017 EFDC Model grid tributary and inlet extension locations
[image: C:\Erin\FDEPCaloosahatchee\GeoFigures\EFDC\GVC_V2.tif]
[bookmark: _Ref457988206]Figure 3: 2017 EFDC Model grid GVC layer numbers
[bookmark: _Toc463620159]Bathymetry
The bathymetry included in the updated model grid was obtained from SFWMD as a Light Detection and Ranging (LiDAR) data file. The file was a composite of topography and nearshore bathymetry at a resolution of a 100-foot cell. The data were downloaded from http://sfwmd.maps.arcgis.com/home/item.html?id=6990312b9775428094d1f81c31790096. The bathymetry was converted to a point shapefile and spatially processed in ArcGIS to assign the average bed elevation to each computation cell in the model grid. The resulting model bathymetry was then manually checked to ensure an appropriate representation of the main channel, which is critical to represent the levels of salinity intrusion observed in the system. The original LiDAR file had units of feet referenced to NAVD 88. Tetra Tech converted the data to meters for the EFDC model grid. Figure 4 shows the bathymetry used in the 2017 EFDC Model setup.
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[bookmark: _Ref452723407]Figure 4: 2017 EFDC Model bathymetry 
[bookmark: _Toc452724718][bookmark: _Toc452724923][bookmark: _Toc463620160]EFDC Model Boundary Conditions
[bookmark: _Toc463620161]Tidal Forcings
The pressure boundary conditions (tidal forcing) along the north (Matlacha Pass and Pine Island Sound) and south (Gulf of Mexico) open boundaries were defined based upon available reports of tidal harmonic constituents and observed records of water surface elevations (WSE) from nearby National Oceanic and Atmospheric Administration (NOAA) stations. The principal tidal harmonic constituents reported at NOAA station 8725541 Bokellia, Charlotte Harbor, FL (Table 1) were used to construct a WSE time series to force the north open boundaries (Figure 5). A comparison between the harmonics-based prediction of water levels and the measured observations collected at NOAA station 8725541 during the period 6/1/1989 – 7/31/1989 (Figure 6) (no observations in recent years), suggests that the harmonics reported by NOAA (Table 1) accurately describe the tide dynamics at this site. The observed discrepancies, related to non-periodic meteorological variations and other local variations are minor and represent only approximately between 0 and 10% of the predicted tidal range. 
The WSE records available at NOAA station 8725110 (Naples, FL) from the period 1/1/1996 – 12/31/2014 were directly used to force the south open boundary (Figure 5). The phase and amplitude of the WSE time series used to force the north and south model boundaries were adjusted during calibration in order to match the records of WSE available at different stations throughout the estuary. The model bathymetry and the forcing tidal conditions are referenced to Mean Sea Level datum.
[bookmark: _Ref455500269][bookmark: _Toc456078282]Table 1: List of principal tidal constituents at NOAA station 8725541 Bokellia, Charlotte Harbor, FL
	Harmonic (symbol)
	Period (days)
	Amplitude (m)

	M2
	0.518
	0.1098

	K1
	0.997
	0.1050

	O1
	1.076
	0.0948

	SA
	365.243
	0.0750

	P1
	1.003
	0.0368

	SSA
	182.621
	0.0300

	S2
	0.500
	0.0279

	N2
	0.527
	0.0201

	Q1
	1.120
	0.0186

	M1
	1.035
	0.0110

	J1
	0.962
	0.0079

	K2
	0.499
	0.0049

	OO1
	0.929
	0.0023
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[bookmark: _Ref456275532]Figure 5: 2017 EFDC Model water surface elevation boundary station locations 
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[bookmark: _Ref461626519]Figure 6: Predicted versus observed water levels at NOAA station 8725541
[bookmark: _Toc463594147][bookmark: _Toc463594148][bookmark: _Toc463620162]Freshwater Flows 
The freshwater flows at the upstream boundary of the Caloosahatchee River were defined by records available at the U.S. Geological Survey (USGS) station 02292900 (Caloosahatchee River at S-79, Near Olga, FL). The measured S-79 flows were used as opposed to the modeled flows because the manual operation of the S-79 lock was not represented in the HSPF model (Figure 7). However, the flow records reported by USGS are only estimates and their accuracy is rated as “poor” in the annual water data report available at the station website. The uncertainty in these flow records stem from the fact that they are estimated based on gate operations, tidal conditions and water height. The EFDC model will use the modeled water quality results from the HSPF model at S-79. The tributary flows were defined using the flow predictions from the 2017 HSPF Model. For subbasins where there was no representative reach draining to the Caloosahatchee River, runoff flows were divided and input into multiple EFDC cells along the subbasin boundary. The HSPF-EFDC linkages are provided in Table 2. 
The flows observed at the S-79 lock boundary represent between 70% and 80% of the total flows coming into the Caloosahatchee River Estuary while the remaining flows come from the system of tributaries and subbasins along the middle and lower portions of the river, below S-79 (Figure 8 and Table 3). A statistical summary of the freshwater inflows into the EFDC model for the simulated period is presented in Table 3.
[image: ]
[bookmark: _Ref463609353]Figure 7: Comparison between observed flows at USGS 02292900 versus modeled flows from HSPF at S-79 
[bookmark: _Ref456275168]Table 2: 2017 HSPF-EFDC Model linkages
	HSPF Reach/Subbasin
	EFDC Cell (I,J)
	% Flow used

	101
	(40,42)
	100%

	103
	(49,47)
	100%

	104
	(49,68)
	100%

	105
	(49,80)
	100%

	106
	(49,58)
	100%

	108
	(61,39)
	100%

	109
	(65,38)
	100%

	110
	(68,45)
	100%

	111
	(68,50)
	100%

	113
	(70,37)
	100%

	116
	(72,45)
	100%

	117
	(75,36)
	100%

	118
	(76,36)
	100%

	119
	(77,35)
	100%

	120
	(78,51)
	100%

	121
	(79,33)
	100%

	122
	(83,34)
	100%

	123
	(90,34)
	100%

	126
	(94,30)
	100%

	127
	(97,42)
	100%

	129
	(42,24)
	50%

	129
	(38,33)
	50%

	130
	(44,26)
	30%

	130
	(46,26)
	30%

	130
	(49,27)
	40%

	131
	(52,29)
	100%

	132
	(58,24)
	50%

	132
	(54,22)
	50%

	133
	(56,30)
	100%

	134
	(59,29)
	100%

	136
	(68,29)
	30%

	136
	(64,29)
	30%

	136
	(61,29)
	40%

	137
	(70,7)
	100%

	138
	(79,14)
	100%

	139
	(79,5)
	100%

	144
	(85,30)
	50%

	144
	(82,30)
	50%

	145
	(89,30)
	100%

	146
	(95,30)
	50%

	146
	(92,30)
	50%

	147
	(98,30)
	100%

	221
	(97,30)
	100%
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[bookmark: _Ref462049995]Figure 8: Freshwater inputs at S-79 and total tributaries below S-79 in the 2017 Caloosahatchee River model

[bookmark: _Ref462050034]Table 3: Statistical summary of freshwater inflows at S-79 and tributaries below S-79 in the Caloosahatchee River during the simulated period
	Year
	Flow source
	Average (cfs)
	5th Percentile (cfs)
	Median (cfs)
	95th Percentile (cfs)

	1996
	S-79 Boundary
	1,299.8
	0.0
	499.0
	5,564.0

	1996
	Tributaries
	360.5
	48.9
	145.8
	1,056.8

	1997
	S-79 Boundary
	1,038.1
	0.0
	460.0
	3,822.0

	1997
	Tributaries
	625.2
	49.8
	374.8
	1,654.9

	1998
	S-79 Boundary
	3,583.8
	0.0
	2120.0
	10,180.0

	1998
	Tributaries
	714.0
	111.2
	530.0
	1,997.9

	1999
	S-79 Boundary
	2,177.5
	0.0
	1140.0
	7,350.0

	1999
	Tributaries
	790.9
	37.2
	255.0
	2,794.0

	2000
	S-79 Boundary
	842.2
	0.0
	288.0
	4,586.0

	2000
	Tributaries
	548.8
	44.1
	113.9
	2,053.0

	2001
	S-79 Boundary
	1,120.4
	0.0
	196.0
	5,360.0

	2001
	Tributaries
	668.0
	36.8
	195.0
	2,624.5

	2002
	S-79 Boundary
	2,059.7
	0.0
	971.0
	6,982.0

	2002
	Tributaries
	586.6
	42.3
	366.4
	1,704.5

	2003
	S-79 Boundary
	3,577.2
	0.0
	2270.0
	10,300.0

	2003
	Tributaries
	631.0
	81.0
	304.7
	1,995.9

	2004
	S-79 Boundary
	2,521.9
	0.0
	1340.0
	9,358.0

	2004
	Tributaries
	576.5
	57.4
	278.7
	1,845.9

	2005
	S-79 Boundary
	4,699.3
	0.0
	3800.0
	11,180.0

	2005
	Tributaries
	763.2
	74.9
	478.3
	2,041.1

	2006
	S-79 Boundary
	1,280.2
	0.0
	528.0
	5,216.0

	2006
	Tributaries
	561.3
	37.2
	208.2
	2,452.4

	2007
	S-79 Boundary
	130.8
	0.0
	0.0
	529.6

	2007
	Tributaries
	319.6
	41.8
	134.0
	945.0

	2008
	S-79 Boundary
	1,262.5
	0.0
	368.0
	6,420.0

	2008
	Tributaries
	715.4
	48.3
	253.4
	2,626.2

	2009
	S-79 Boundary
	1,077.5
	0.0
	523.0
	3,972.0

	2009
	Tributaries
	393.3
	44.5
	258.6
	1,151.8

	2010
	S-79 Boundary
	2,002.5
	0.0
	1290.0
	6,258.0

	2010
	Tributaries
	519.7
	108.4
	292.9
	1,667.1

	2011
	S-79 Boundary
	749.2
	0.0
	283.0
	2,832.0

	2011
	Tributaries
	591.2
	50.3
	242.5
	1,831.7

	2012
	S-79 Boundary
	1,429.5
	0.0
	778.0
	5,428.0

	2012
	Tributaries
	462.8
	54.1
	178.7
	1,513.8

	2013
	S-79 Boundary
	3,409.4
	0.0
	1460.0
	11,000.0

	2013
	Tributaries
	727.0
	57.7
	249.0
	2,434.5

	2014
	S-79 Boundary
	1,292.1
	97.6
	1170.0
	2,808.0

	2014
	Tributaries
	382.5
	74.8
	224.4
	1,020.8

	1996-2014 Average
	S-79 Boundary
	1,871.24
	5.14
	1,025.47
	6,270.82

	1996-2014
Average 
	Tributaries
	575.66
	57.93
	267.59
	1,863.78


[bookmark: _Toc463620163]Water Temperature
The temperature boundary conditions at the freshwater boundaries, including the upstream boundary of the Caloosahatchee River, were defined using the initial draft water quality 2017 HSPF Model predictions. Water temperature boundaries to the 2017 EFDC Model will be updated with final water quality 2017 HSPF Model prediction after the HSPF model calibration is completed. For the Caloosahatchee River boundary at S-79, the model predictions from reach 147 of the HSPF model were used to force the model given the absence of temperature data at station USGS 02292900 (temperature records are only available starting from May 2014).
The temperature boundary conditions along the south open boundary of the model were defined based upon observed records of water temperature available at NOAA station 8725110 (Naples, FL) (Figure 9). The records from this station were assumed to be representative of the conditions at the south open boundary. The temperature boundary conditions for the north open boundaries were defined based upon observations available at Impaired Water Rules (IWR) stations 21FLEECOPI-10, 21FLSEAS62SEASO61, 21FLCHARMPV002, and 21FLEECOPI-04 (Figure 9). The temperature records from stations 21FLEECOPI-10 and 21FLSEAS62SEASO61 were used to generate a time series for the Pine Island Sound boundary. Measured data were available from April 2002 through December 2010. For the periods when measured data were not available (December, 1995 through April 2002, and January 2010 through January 2015), a sinusoidal daily average time series was generated based on the range of the measured temperatures and their seasonal variations (Figure 10). The temperatures records from stations 21FLCHARMPV002 and 21FLEECOPI-04 were used to create the open boundary conditions at the Matlacha Pass boundary. Similar to the approach used to generate the temperature time series at Pine Island Sound, a sinusoidal time series was created to fill the periods with no data. Measured data were available from February 1998 through January 2015, and were used to generate the temperature forcing time series from December 1995 through February 1998 at Matlacha Pass (Figure 11).

[image: C:\Erin\FDEPCaloosahatchee\GeoFigures\EFDC\OpenBoundary_Hydro_v2.tif]
[bookmark: _Ref456275399]Figure 9: 2017 EFDC Model open boundary hydrodynamic station locations 
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[bookmark: _Ref456076415]Figure 10: Open boundary temperature time series at Pine Island South
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[bookmark: _Ref453852407]Figure 11: Open Boundary temperature time series at Matlacha Pass 
[bookmark: _Toc463620164]Salinity
In absence of a long term database of salinity observations in the south region of the model, a constant salinity concentration profile was used to represent the salinity conditions at the south open boundary. Limited episodic observations of salinity in the south area were available at stations 21FLEECOAC74980 (1 observation on 9/13/2011), 21FLEECOAC74981 (1 observation on 9/13/2011), 21FLFTM CHARHB0004FTM (5 observations between 2/26/2007 - 12/10/2007), 21FLEECOAC78819 (1 observation on 1/9/2012) and 21FLFTM EVRGWC0009FTM (1 observation on 2/15/2006 and 1 observation on 5/18/2006) (Figure 9). Salinity concentrations at these stations ranged from 25.15 PSU up to 41.33 PSU. The model was forced with a surface concentration equal to 34.2 PSU and bottom concentration of 37.8 PSU. The layers use the following forcing concentrations: the bottom three layers used 34.2 PSU, the fourth layer used 36 PSU, and the fifth layer (surface layer) used 34.2 PSU. These values represent a reasonable approximation for the open boundary salinity. 
For the north boundaries, monthly salinity observations from stations 21FLEECOPI-10 and 21FLSEAS62SEASO61 between 1996 and 2014 were used to generate a time series for the Pine Island Sound boundary, and stations 21FLCHARMPV002 and 21FLEECOPI-04 were used to generate the time series of salinity for the Matlacha Pass open boundary (Figure 9). A small vertical salinity profile is also included in the north boundaries by gradually scaling the forcing salinity time series from the bottom to the top model layer. The bottom used a scaling factor of 1.0 (no reduction of the salinity concentration time series), the middle layer used a scaling factor of 0.98 (a reduction of 2% of the input salinity concentration), and the surface layer used a scaling factor of 0.95. 
[bookmark: _Toc463620165]Water Quality Boundary Conditions
Tetra Tech used available observations near the Matlacha Pass and Pine Island Sound northern model boundaries to construct the boundary time series of water quality concentrations. These boundary conditions were constructed when developing the temperature and salinity boundaries, and often used the same stations. Monitoring stations in the immediate vicinity of the boundaries were selected as the basis to construct the water quality time series for nitrate-nitrite (NOX), ammonia (NH4), organic nitrogen (OrgN), orthophosphate (PO4), organic phosphorus (OrgP), chlorophyll-a (Chla), and dissolved oxygen (DO). Table 4 lists the stations used to develop the water quality boundary, and the station locations are shown in Figure 12. The stations are located in a variety of locations, including the deep channel and immediately adjacent to marsh outflows. By combining the available data from the stations into one time series, the open boundary is able to reflect the overall water quality inputs at the northern boundaries. 
The available water quality concentration data at each station were used to construct the water quality boundary condition time series for the simulation period. The daily, monthly, and long-term water quality concentrations were similar among the stations. If data were available on a given day for more than one station, the data were averaged to provide a single water quality concentration value for that day for the boundary condition time series. 
[bookmark: _Ref452552401][bookmark: _Toc456078283]Table 4: Monitoring stations used to develop the water quality time series for the northern boundary cells
	Location
	Station ID

	Boundary conditions at boundary cells across J=82, Matlacha Pass
	21FLCHARMPV001

	Boundary conditions at boundary cells across J=82, Matlacha Pass
	21FLCHARMPV002

	Boundary conditions at boundary cells across J=82, Matlacha Pass
	21FLEECOPI-03

	Boundary conditions at boundary cells across J=82, Matlacha Pass
	21FLEECOPI-04

	Boundary conditions at boundary cells across J=82, Matlacha Pass
	21FLEECOPI-05

	Boundary conditions at boundary cells across J=82, Matlacha Pass
	21FLSEAS62SEAS020

	Boundary conditions at boundary cells across J=82, Matlacha Pass
	21FLSEAS62SEAS401

	Boundary conditions at boundary cells across J=44, Pine Island Sound
	21FLCHARPIV004

	Boundary conditions at boundary cells across J=44, Pine Island Sound
	21FLEECOPI-10

	Boundary conditions at boundary cells across J=44, Pine Island Sound
	21FLEECOPI-11



[image: C:\Erin\FDEPCaloosahatchee\GeoFigures\EFDC\OpenBoundary.tif]
[bookmark: _Ref452723628]Figure 12: 2017 EFDC Model open boundary water quality station locations 
At the southern boundary, there were limited water quality observations to support the development of a water quality time series for the EFDC model. Therefore, the model was forced with constant concentrations for the different species of nutrients, DO, and phytoplankton biomass. Such concentrations were defined based on the concentrations used in the 2014 EFDC Model and on recently measured data. Data at 12 stations close to the southern boundary (Figure 12) were reviewed to help define the constant concentrations. Table 5 summarizes the values used in the 2017 EFDC Model compared to the values used in the 2014 Model.
[bookmark: _Ref452552645][bookmark: _Toc456078284]Table 5: Water quality concentrations assigned at the southern boundary cells
	Parameter
	2014 Model
	2017 Model
	Observations

	NO3
	Constant concentration of 0.01 mg/L in Card 33. 
	Not modified from 2014 Model setup.
	The average concentration of the available records is 0.007mg/L, which is within range of the concentration used in the 2014 Model.

	NH4
	Constant concentration of 0.02 mg/L in Card 33.
	Constant concentration of 0.05 mg/L in Card 33.
	The average concentration of the available records is 0.05 mg/L. This concentration has been included in the 2017 Model setup.

	OrgN
	Constant concentrations as follows:
RPON = 0.3 mg/L
LPON = 0.03 mg/L
DON = 0.3 mg/L
	Constant concentrations as follows:
RPON = 0.17 mg/L
LPON = 0.017 mg/L
DON = 0.17 mg/L
	The average OrgN concentration calculated from TN and TKN records is 0.35 mg/L. This concentration was partitioned into labile, refractory, and dissolved fractions using the same ratios as the 2014 Model.

	PO4
	Constant concentration of 0.05 mg/L in Card 33. 
	Not modified from 2014 Model setup.
	The average concentration of the available records is 0.03 mg/L, which is close to the concentration used in the 2014 Model.

	OrgP
	Constant concentrations as follows:
RPOP = 0.02 mg/L
LPOP = 0.002 mg/L
DOP = 0.02 mg/L
	Not modified from 2014 Model setup.
	No modifications performed to the concentrations included in the 2014 Model setup.

	OrgC
	Constant concentrations as follows:
RPOC = 0.3 mg/L
LPOC = 0.3 mg/L
DOC = 2.5 mg/L
	Not modified from 2014 Model setup.
	Average concentration of available observations is 3.1 mg/L, which is the same concentration used in the 2014 Model.

	Chla
	Constant concentration of 1 µg/L for green algae in Card 33. 
	Not modified from 2014 Model setup.
	The average concentration of the available records is 1.4 µg/L, which is within range of the 2014 Model.

	DO
	Not included.
	A time series of DO at saturated conditions will be prescribed for this boundary. 
	The DO saturation concentration will be computed by an equation of state as a function of water salinity and temperature.

A vertical gradient of DO concentration will be included at the boundaries to reflect higher DO concentrations at the surface and lower at the bottom. Observations of DO and/or DO saturation at stations close to the open boundaries will be used to ensure the constructed time series reflect realistic conditions of DO in the area.


[bookmark: _Toc463620166]Weather Processing
The primary data sources used to create the 2017 EFDC Model weather files (ASER.inp and WSER.inp) for the Caloosahatchee Estuary included the NEXRAD and NCDC SA station. The NEXRAD dataset was provided by SFWMD at hourly time steps. SA data were obtained from two sources: a web subscription from NCDC and Integrated Surface Database (ISD) maintained by NOAA. The time series of precipitation, relative humidity, air temperature, cloud cover, solar radiation, and atmospheric pressure were defined in the ASER.inp file while the time series of wind speed and direction were defined in the WSER.inp file. The weather files were created from January 1, 1996 through December 31, 2014 using the date of December 31, 1995 as Julian day 0.
[bookmark: _Toc463620167]Precipitation 
The precipitation time series used in the 2017 EFDC Model was developed using NEXRAD Zone 1 data, which represent the closest dataset to the project area and is consistent with the precipitation dataset used in the 2017 HSPF model. 
[bookmark: _Toc463620168]Relative Humidity
The relative humidity data used in the 2017 EFDC Model setup were defined based on records from station WBAN 12835. Data from January 1996 through May 1997 and January 2014 through December 2014 were downloaded from ISD, and data from June 1998 through December 2013 were received from a web subscription of NCDC. To fill in missing data records, if the data gap was less than 3 hours, the humidity was averaged using the data immediately before and after the gap. If the gap was more than 3 hours, information from the neighboring SA station WBAN 12842 (Tampa International Airport) was used. Gaps in data for more than 3 hours occurred predominantly between 1996 and 1998, and approximately 5% of the relative humidity data from WBAN 12835 had to be patched using data from WBAN 12842. 
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[bookmark: _Ref452724356]Figure 13: Weather station locations used to develop the 2017 EFDC Model time series
[bookmark: _Toc455500256][bookmark: _Toc456075988][bookmark: _Toc455500257][bookmark: _Toc456075989][bookmark: _Toc455500258][bookmark: _Toc456075990][bookmark: _Toc463620169]Atmospheric Temperature
The air temperature data used in the 2017 EFDC Model setup were defined based on records from station WBAN 12835. Data from January 1996 through May 1997 and January 2014 through December 2014 were downloaded from ISD, and data from June 1998 through December 2013 were received from a web subscription of NCDC. To fill in missing data records, if the gap was less than 3 hours, the temperature was averaged using the data immediately before and after the gap. If the gap was more than 3 hours, information from the neighboring SA station WBAN 12842 (Tampa International Airport) was used. Gaps in data for more than 3 hours occurred predominantly between 1996 and 1998, and less than 0.2% of the temperature data from WBAN 12835 had to be patched using data from WBAN 12842.
[bookmark: _Toc463620170]Cloud Cover
The cloud cover data used in the 2017 EFDC Model setup were defined based on records from station WBAN 12835. Data for cloud cover from ISD were provided in terms of sky cover, a verbal description of the cloud cover. Based on the information provided in the User’s Manual of Meteorological Data Analysis and Preparation Tool (MetADAPT), the following MetADAPT numerical assignments for cloud cover estimates from the sky conditions parameters was applied:
· CLR (clear): 0
· POB (partial obscuration): 1.25
· SCT (scattered): 4.38
· BKN (broken): 7.5
· OVC & OBS (overcast and obscured): 10
Data from January 1996 through May 1997 and January 2014 through December 2014 were downloaded from ISD, and data from June 1998 through December 2013 were received from a web subscription of NCDC. To fill in missing data records, if the gap was less than 3 hours, the cloud cover from the previous hour was held constant. If the gap was more than 3 hours, information from the neighboring SA station WBAN 12842 (Tampa International Airport) was used. Gaps in data for more than 3 hours occurred predominantly between 1996 and 1998, and approximately 3% of the cloud cover data from WBAN 12835 had to be patched using data from WBAN 12842.
[bookmark: _Toc463620171]Solar Radiation
Solar radiation was computed using cloud cover and the latitude of station WBAN 12835, which was in closer proximity to the EFDC model grid than the SFWMD S78W weather station. CE QUAL-W2 method in MetADAPT was used to compute the solar radiation using sun angle relationships and shading from the cloud cover (Cole 2003).
[bookmark: _Toc463620172]Atmospheric Pressure
The atmospheric pressure data used in the 2017 EFDC Model setup were defined based on records from station WBAN 12835. Data from January 1996 through May 1997 and January 2014 through December 2014 were downloaded from ISD, and data from June 1998 through December 2013 were received from a web subscription of NCDC. To fill in missing data records, if the data gap was less than 3 hours, the temperature was averaged using the data immediately before and after the gap. If the gap was more 3 hours, information from the neighboring SA station WBAN 12842 (Tampa International Airport) was used. Pressure from ISD was provided in inches of mercury. The information was converted to millibar for use in the model weather files. Gaps in data for more than 3 hours occurred predominantly between 1996 and 1998, and less than 0.2% of the atmospheric pressure data from WBAN 12835 had to be patched using data from WBAN 12842. 
[bookmark: _Toc463620173]Wind Speed and Direction
The wind speed and direction data used in the 2017 EFDC Model setup were defined based on records from station WBAN 12835, which was closer to the EFDC model grid than the SFWMD S78W weather station. Data from January 1996 through May 1997 and January 2014 through December 2014 were downloaded from ISD, and data from June 1998 through December 2013 were received from a web subscription of NCDC. Direction data from ISD reported as ‘***’ indicated that the air was calm. All the ‘***’ data were replaced with 0. To fill in missing data when gaps were less than 3 hours, the speed was averaged using the data immediately before and after the gap. If the gap was more than 3 hours, information from the neighboring SA station WBAN 12842 (Tampa International Airport) was used. For the missing information for direction, the previous hour direction was held constant. The information was converted to millibar for use in the model weather files. Gaps in data for more than 3 hours occurred predominantly between 1996 and 1998, and less than 0.2% of the wind speed and direction data from WBAN 12835 had to be patched using data from WBAN 12842.
[bookmark: _Toc463620174]Quality Assurance (QA) and Weather File
QA was performed on monthly total rainfall, maximum hourly rainfall, air temperature, relative humidity, solar radiation, atmospheric pressure, and wind speed and direction to ensure that values were within expected ranges for each month and season. Water Resources Database (WRDB) Graph was used to analyze the time series for all the weather parameters. 
Table 6 lists the stations used for creating the weather file for the Caloosahatchee Estuary.
[bookmark: _Ref452554984][bookmark: _Ref390262377][bookmark: _Toc456078285]Table 6: Weather parameter assignment for the Caloosahatchee 2017 EFDC Model
	Estuary
	.alt
	.tmp
	.hum
	.pre
	.sr2
	.tsk
	.win

	Caloosahatchee
	12835
	12835
	12835
	NEXRAD Zone1
	12835
	12835
	12835


Where:
.alt = Altimeter Pressure, mbar
.tmp = Dry-bulb Temperature, ºF
.hum = Relative Humidity, %
.pre = Precipitation, in/hr
.sr2 = Cloud-adjusted Solar Radiation, ly/hr
.tsk = Cloud Cover, tenths
.win = Wind Speed and Direction, mi/hr and degrees
[bookmark: _Toc463620175]Point Sources
The department provided Tetra Tech with the permit and discharge monitoring report (DMR) data for the domestic wastewater (DW) and industrial wastewater (IW) treatment facilities that discharge directly to the EFDC model (see Table 7). Time series for both flows and water quality loads for these facilities were developed for these facilities and input into the model during initial model setup.
[bookmark: _Ref444092344][bookmark: _Toc446926044][bookmark: _Toc457573171][bookmark: _Toc457573918]Table 7: Point sources in the 2017 EFDC Model
	NPDES ID
	Facility Name
	Type
	Design Capacity (MGD)
	EFDC Model Cell I
	EFDC Model Cell J

	FL0021261
	Fort Myers Central AWWTF
	DW
	11
	71
	31

	FL0021270
	South AWWT Facility
	DW
	12
	61
	31

	FL0030007
	Cape Coral, City of - Everest WRF
	DW
	15.1
	62
	32

	FL0030325
	Waterway Estates
	DW
	5
	65
	36

	FL0039829
	Fiesta Village Advanced WWTF
	DW
	1.5
	55
	30

	FL0001490
	Florida Power and Light Fort Myers
	IW
	590.6
	79
	15


[bookmark: _Toc457574416][bookmark: _Toc463620176]Available Data
The observed average flow and water quality results for each of the facilities are shown in Table 8. The number of end of pipe flow and water quality parameter observations reported by each facility are shown in Table 9. For most parameters, results were reported monthly. The period of record for the available data is shown in Table 10. The available measured data for these facilities were used in the EFDC model to determine the total loading from each facility. The data were used to fill short- and long-term gaps in the data records. For example, if a facility has total nitrogen (TN) data for ten years of the modeling period, the long-term average of the measured data was used to represent the expected TN concentration for the remaining portion of the simulation period, where data were unavailable. 
[bookmark: _Ref448925048][bookmark: _Toc457573172][bookmark: _Toc457573919]Table 8: Observed average value for available flow and water quality data for point source facilities
	Permit
	FLOW (cfs)
	NH3 (mg/L)
	NOx (mg/L)
	OrgN (mg/L)
	TN (mg/L)
	PO4 (mg/L)
	OrgP (mg/L)
	TP (mg/L)
	CBOD (mg/L)
	TSS (mg/L)
	DO (mg/L)
	WTEM (Deg C)

	FL0021261
	4.88
	-
	-
	-
	1.65
	-
	-
	0.15
	2.41
	4.50
	5.52
	-

	FL0021270
	12.81
	-
	-
	-
	2.04
	-
	-
	0.19
	1.98
	3.45
	5.76
	-

	FL0030007
	7.36
	-
	-
	-
	1.04
	-
	-
	0.13
	2.20
	1.38
	5.89
	-

	FL0030325
	1.32
	-
	-
	-
	1.20
	-
	-
	0.08
	1.64
	0.94
	7.07
	-

	FL0039829
	2.90
	0.07
	0.08
	0.63
	0.93
	-
	-
	0.10
	1.47
	0.59
	5.98
	-

	FL0001490
	822.14
	0.12
	0.22
	0.88
	1.22
	0.07
	0.04
	0.11
	-
	7.36
	-
	32.95


- = No data.

[bookmark: _Ref448925077][bookmark: _Toc457573173][bookmark: _Toc457573920]Table 9: Number of observations for available flow and water quality data for point source facilities
	Permit
	FLOW (cfs)
	NH3 (mg/L)
	NOx (mg/L)
	OrgN (mg/L)
	TN (mg/L)
	PO4 (mg/L)
	OrgP (mg/L)
	TP (mg/L)
	CBOD (mg/L)
	TSS (mg/L)
	DO (mg/L)
	WTEM (Deg C)

	FL0021261
	103
	-
	-
	-
	175
	-
	-
	174
	175
	174
	168
	-

	FL0021270
	154
	-
	-
	-
	152
	-
	-
	154
	155
	155
	145
	-

	FL0030007
	111
	-
	-
	-
	58
	-
	-
	59
	59
	60
	59
	-

	FL0030325
	124
	-
	-
	-
	126
	-
	-
	126
	124
	122
	78
	-

	FL0039829
	159
	34
	33
	34
	147
	-
	-
	157
	157
	157
	158
	-

	FL0001490
	59
	11
	11
	11
	11
	11
	11
	11
	-
	14
	-
	11
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[bookmark: _Ref448925290][bookmark: _Ref450748058][bookmark: _Toc457573174][bookmark: _Toc457573921]Table 10: Period of record for available flow and water quality data for point source facilities
	Permit
	Flow (cfs)
	NH3 (mg/L)
	NOx (mg/L)
	OrgN (mg/L)
	TN (mg/L)
	PO4 (mg/L)
	OrgP (mg/L)
	TP (mg/L)
	CBOD (mg/L)
	TSS (mg/L)
	DO (mg/L)
	WTEM (Deg C)

	FL0021261
	4/1/2006 - 12/1/2014
	-
	-
	-
	5/1/2000 - 12/1/2014
	-
	-
	5/1/2000 - 12/1/2014
	5/1/2000 - 12/1/2014
	5/1/2000 - 12/1/2014
	1/1/2001 - 12/1/2014
	-

	FL0021270
	12/1/1999 - 12/1/2014
	-
	-
	-
	2/1/2000 - 11/1/2014
	-
	-
	2/1/2000 - 12/1/2014
	12/1/1999 - 12/1/2014
	12/1/1999 - 12/1/2014
	12/1/1999 - 12/1/2014
	-

	FL0030007
	6/1/2000 -10/1/2014
	-
	-
	-
	6/1/2000 - 9/1/2008
	-
	-
	6/1/2000 - 9/1/2008
	6/1/2000 - 9/1/2008
	6/1/2000 - 9/1/2008
	6/1/2000 - 9/1/2008
	-

	FL0030325
	1/1/2000 - 10/1/2012
	-
	-
	-
	1/1/2000 - 10/1/2012
	-
	-
	1/1/2000 - 10/1/2012
	1/1/2000 - 10/1/2012
	1/1/2000 - 10/1/2012
	1/1/2000 - 4/1/2010
	-

	FL0039829
	6/1/2000 - 12/1/2014
	2/1/2010 - 1/1/2014
	2/1/2010 - 1/1/2014
	2/1/2010 - 1/1/2014
	6/1/2000 - 1/1/2014
	-
	-
	6/1/2000 - 12/1/2014
	6/1/2000 - 12/1/2014
	6/1/2000 - 12/1/2014
	6/1/2000 - 12/1/2014
	-

	FL0001490
	1/1/1999 - 12/1/2014
	6/1/2012 - 12/1/2014
	6/1/2012 - 12/1/2014
	6/1/2012 - 12/1/2014
	6/1/2012 - 12/1/2014
	6/1/2012 - 12/1/2014
	6/1/2012 - 12/1/2014
	6/1/2012 - 12/1/2014
	-
	12/1/2006 - 12/1/2014
	-
	6/1/2012 - 12/1/2014


- = No data.

[bookmark: _Toc463620177]Missing Data Assumptions
When available, measured water quality data were used to represent the point source facility discharge flows and concentrations and to fill gaps in the data record. However, as shown above, measured data were not available for many parameters. In order to provide parameter concentrations for the facilities, Tetra Tech identified default assumptions that were used for the point source facilities (Table 11). These assumptions were based on available data from all facilities in the Caloosahatchee River Watershed, including those discharging directly to the HSPF model. Please see the Task 2 memo for information about point sources discharging to the HSPF model.
[bookmark: _Ref448921503][bookmark: _Toc457573175][bookmark: _Toc457573922]Table 11: Recommended default assumptions for missing flow and water quality data for point source facilities
	Constituent
	Parameter ID
	Minor (<1.0 MGD)
	Major (>1.0 MGD)
	Rationale

	Total Phosphorus
	TP
	0.15 mg/L
	0.15 mg/L
	Average of available data = 0.15 mg/L; range of 0.08 - 0.25 mg/L

	Orthophosphate
	PO4
	0.135 mg/L (90% of TP)
	0.105 mg/L (70% of TP)
	Professional recommendation

	Organic Phosphorus
	OrgP
	0.015 mg/L (10% TP)
	0.045 mg/L (30% of TP)
	Professional recommendation

	Total Nitrogen
	TN
	1.50 mg/L (sum of species)
	1.50 mg/L (sum of species)
	Average of available data = 1.38 mg/L; range of 0.29 – 2.28 mg/L

	Ammonia
	NH3
	0.15 mg/L (10% of TN)
	0.15 mg/L (10% of TN)
	Average of available data = 0.15 mg/L; range of 0.021 - 0.38 mg/L

	Nitrate+Nitrite
	NOx
	0.15 mg/L (10% of TN)
	0.15 mg/L (10% of TN)
	Average of available data = 0.16 mg/L; range of 0.08 - 0.23 mg/L

	Organic Nitrogen
	OrgN
	1.20 mg/L (80% of TN)
	1.20 mg/L (80% of TN)
	Average of available data = 1.09 mg/L; range of 0.63 – 1.77 mg/L

	Carbonaceous BOD
	CBOD
	2.0 mg/L
	2.0 mg/L
	Average of available data = 2.16 mg/L; range of 0.63 - 6.50 mg/L

	Dissolved Oxygen
	DO
	6.0 mg/L
	6.0 mg/L
	Average of available data = 6.12 mg/L; range of 5.06 - 7.56 mg/L

	Total Suspended Solids
	TSS
	3.5 mg/L
	3.5 mg/L
	Average of available data = 3.25 mg/L; range of 0.59 - 7.36 mg/L

	Water Temperature 
	WTEM
	20.0 °C October through March 30.0 °C April through September
	20.0 °C October through March 30.0 °C April through September
	Typical seasonal variability





[bookmark: _Toc463620178]EFDC Model Calibration
Tetra Tech completed the draft setup of the 2017 EFDC Model and calibrated the model to observations of hydrodynamic variables collected between January 1, 2010 and December 31, 2014. Tetra Tech compared modeled hydrodynamic outputs to measured hydrodynamic outputs at different monitoring stations located throughout the estuary, including IWR, USGS, and NOAA stations (Figure 14). The following section contains the analyses of the calibration results at selected stations located in the Caloosahatchee River. 
Additional calibration plots showing comparisons between observed and predicted time series of WSE, salinity, and temperature are provided in Appendix A. Model validation was conducted by comparing the model to observed IWR, USGS, NOAA, Sanibel-Captiva Conservation Foundation (SCCF), and Department Aquatic Preserve Program (APP) data for the entire modeling period of January 1, 1996 through December 31, 2014. Comparison plots between observed and predicted hydrodynamic variables for the full simulated period are included in Appendix B.
The SCCF stations and APP stations have continuous monitoring data. These data were received on September 28, 2016 and October 7, 2016. Observed data at stations MP3C, MP2B, and Redfish Pass may be used to derive the northern boundary conditions in the final EFDC model.
[bookmark: _Ref419814035][bookmark: _Toc433973863][bookmark: _Toc463620179]Calibration Methodology


The calibration of the Caloosahatchee hydrodynamic model was based on graphical and statistical comparisons between the model predictions and the observations. The temporal analyses were performed using the postprocessor WRDB Graph (version 6.0.0.32) which creates comparison plots using the model results from the EFDC output file (*.BMD) and available field observations from a WRDB database (*.DBS). WRDB Graph was also used to generate the following goodness-of-fit statistics where  represents the time series of model predictions and  the time series of observations:


Correlation coefficient: 


Mean Absolute Error: 


Root Mean Squared Error: 


Normalized Root Mean Squared Error: 


Index of Agreement: 

The correlation coefficient () measures the degree of linear correlation between the trends of two time series, in this case the series of observations and model predictions. It can range from –1 to 1, with negative values indicating that the observed and predicted values tend to vary inversely. It should be recognized that even if the correlation is close to 1, the predicted and observed values may not match each other; they only tend to vary similarly (Stow et al. 2003).
The mean absolute error (MAE) and the root mean squared error (RMSE) are estimates of the average deviation of the model predictions from the observations. The normalized root mean squared error (NRMSE) provides an estimate of the relative importance of the errors with respect to the observations. The MAE, RMSE, and NRMSE constitute indicators of model prediction accuracy (Stow et al. 2003), and the smaller their values, the higher the agreement between the observations and the predictions. Finally, the index of agreement (IA) evaluates the global agreement between the predictions and the observations. Values of the IA range between 0 and 1 with the highest value indicating a perfect match between the two time series. A value of zero indicates that the model predicts individual observations no better than the average of the observations. The computed mean, median, and 5th and 95th percentiles of the simulations and observation are shown for comparison purposes. 

[image: C:\Erin\FDEPCaloosahatchee\GeoFigures\EFDC\CalStations_V2.tif]
[bookmark: _Ref456280804]Figure 14: 2017 EFDC Model hydrodynamic results comparison station locations
[bookmark: _Toc463620180]Water Surface Elevation
During the calibration of the Caloosahatchee model, the phase and amplitude of the forcing conditions imposed at the open boundary were adjusted, and the spatial distribution of the roughness coefficients was adjusted in order to match the phase and amplitude of the water level observations at NOAA station 8725520 and also at different USGS stations located throughout the estuary.
The phase and amplitude of the open boundary conditions were adjusted because they were defined based on water level data collected in nearby stations and not based on data directly collected at the model open boundaries. The adjustments performed on the open boundary conditions are necessary to account for the travel time and dissipation or magnification that a surface wave from the Gulf of Mexico is subject to before it reaches inside areas of the Caloosahatchee River. The adjustments were defined in the input file PSER.inp and are expressed by a lag time for the phase of the wave and by a multiplicative factor which impacts the amplitude of the wave. In terms of the roughness coefficient, a constant calibrated value of 0.01 meters was specified in the model setup.
The model results are summarized in Table 12 and Figure 15 through Figure 19. In Table 12, the performance statistics for stations reporting only daily maximum and daily minimum water levels (USGS stations 02293205 and 02293210) were computed by comparing the observations against the simulated daily maximum and daily minimum water levels. The results indicate that the model is capable of reproducing the phase and amplitude of the tidal variations within the estuary. The preliminary calibration statistics are overall very good with RMSE on the order of few centimeters (0.07 – 0.13 m), and index of agreements above 0.86 at most stations. The tidal range, which is the average difference between maximum and minimum water levels during a tidal cycle, varies between approximately 0.5 and 0.9 meters and is well captured by the model. The model matches the timing and amplitude of the tide during spring and neap periods as well as the inter-daily variations observed at the different evaluated stations. 
[bookmark: _Ref456017446][bookmark: _Toc456078286]
[bookmark: _Ref456085294]Table 12: Model performance statistics for WSE
	Station ID
	Mean Measured (m MSL)
	Median Measured (m MSL)
	5th Percentile Measured (m MSL)
	95th Percentile Measured (m MSL)
	Mean Simulated (m MSL)
	Median Simulated (m MSL)
	5th Percentile Simulated (m MSL)
	95th Percentile Simulated (m MSL)
	R2
	MAE     (m MSL)
	RMSE (m MSL)
	NRMSE
	Index of Agrmt

	8725520
	0.08
	0.10
	-0.21
	0.36
	0.16
	0.17
	-0.12
	0.46
	0.76
	0.10
	0.12
	0.61
	0.89

	02293205 - Max
	0.32
	0.33
	0.08
	0.55
	0.34
	0.33
	0.09
	0.58
	0.87
	0.058
	0.08
	0.06
	0.93

	02293205 - Min
	-0.08
	-0.07
	-0.29
	0.09
	-0.05
	-0.05
	-0.24
	0.13
	0.81
	0.056
	0.08
	0.06
	0.89

	02293210 - Max
	0.35
	0.35
	0.14
	0.55
	0.30
	0.29
	0.07
	0.54
	0.93
	0.063
	0.08
	0.13
	0.92

	02293210 - Min
	-0.15
	-0.15
	-0.35
	0.02
	-0.08
	-0.08
	-0.27
	0.10
	0.89
	0.073
	0.09
	0.08
	0.87
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[bookmark: _Ref456017486]Figure 15: Simulated and observed WSE at NOAA station 8725520, 2010 – 2014
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Figure 16: Simulated and observed WSE at NOAA station 8725520, 2014
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Figure 17: Simulated and observed WSE at NOAA station 8525520, July – August, 2014
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Figure 18: Simulated and observed WSE at USGS 02293205
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[bookmark: _Ref456017494]Figure 19: Simulated and observed WSE at USGS 02293210
[bookmark: _Toc463594168][bookmark: _Toc463620181]Water Temperature
A good representation of the vertical and horizontal distribution of temperature and salinity in estuaries is important to correctly represent baroclinic transport resulting from water density variations. The 2017 EFDC Model was calibrated to reproduce temperature measurements collected at several monitoring stations located throughout the estuary. The parameters adjusted during the model calibration were the solar radiation attenuation coefficient and the heat transfer coefficient between the water column and the solid bed. These parameters control most of the vertical structure of heat in the model (Hamrick 1992; Ji 2008). A summary of the preliminary calibration results at selected stations is presented below in Table 13 and Figure 20 through Figure 25. The comparison period shown in these figures ranges from January 1, 2010 through December 31, 2014.
Preliminary calibration results show the model is able to reproduce the overall temperature variations observed in the Caloosahatchee Estuary. The model predictions follow the observed seasonal evolution of water temperature and general inter-daily temperature variations throughout the estuary (Figure 20 through Figure 22). These results used measured temperature data at the S-79 boundary, and the model will be updated with HSPF model temperature concentrations following calibration of the HSPF model. The performance of the EFDC model is not expected to change significantly in the Caloosahatchee River once this update has been made, although there should be an improvement in the tributaries, which currently use uncalibrated HSPF temperature results.

[bookmark: _Ref456011893][bookmark: _Toc456078287]Table 13: Model performance statistics for water temperature
	Station ID
	Mean Measured (°C)
	Median Measured (°C)
	5th Percentile Measured (°C)
	95th Percentile Measured (°C)
	Mean Simulated (°C)
	Median Simulated (°C)
	5th Percentile Simulated (°C)
	95th Percentile Simulated (°C)
	R2
	MAE (°C)
	RMSE (°C)
	NRMSE
	Index of Agrmt

	21FLEECOCES03SUR
	25.1
	26.8
	17.2
	30.5
	26.26
	27.23
	18.51
	31.67
	0.85
	1.48
	2.03
	0.08
	0.94

	21FLFTM CALUSA0008FTM
	26.3
	27.6
	19.5
	31.8
	28.28
	29.47
	23.12
	33.31
	0.80
	2.12
	2.75
	0.10
	0.87

	21FLFTM CALUSA0011FTM
	24.8
	26.9
	16.2
	31.0
	26.60
	27.61
	19.48
	32.55
	0.84
	2.05
	2.63
	0.10
	0.91

	21FLEECOCES06SUR
	24.6
	26.1
	16.0
	31.0
	25.94
	26.55
	19.47
	30.81
	0.77
	2.01
	2.65
	0.10
	0.89

	21FLEECOCES10SUR
	25.0
	27.2
	16.2
	30.8
	26.49
	27.67
	19.50
	32.54
	0.77
	2.13
	2.69
	0.10
	0.90

	21FLCHARMPV004
	23.4
	25.3
	14.3
	30.7
	25.82
	27.15
	19.34
	31.71
	0.54
	3.05
	4.54
	0.18
	0.78
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[bookmark: _Ref455997156]Figure 20: Simulated and observed temperature at 21FLEECOCES03SUR
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Figure 21: Simulated and observed temperature at 21FLFTM CALUSA0008FTM
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[bookmark: _Ref456000036]Figure 22: Simulated and observed temperature at 21FLFTM CALUSA0011FTM
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Figure 23: Simulated and observed temperature at 21FLEECOCES06SUR 
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Figure 24: Simulated and observed temperature at 21FLEECOCES10SUR 
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[bookmark: _Ref455997172]Figure 25: Simulated and observed temperature at 21CHARMPV004

[bookmark: _Toc463620182]Salinity
Salinity is an indicator of mass transport in estuaries. The calibration of salinity is important to evaluate the capacity of a model to represent transport resulting from density gradients between the freshwater and the ocean water (i.e. baroclinic or density-driven currents), and to ensure a model is able to represent vertical stratification in the system. A summary of the preliminary calibration results at selected stations is presented below in Table 14 and Figure 26 through Figure 31.
[bookmark: _Ref456013535][bookmark: _Toc456078288]Draft calibration results show the model has a good performance predicting salinity in the middle and lower portions of the estuary, along with tributaries in this region (Figure 28 , Figure 31, and Appendix A). In these regions the model simulations are able to follow the seasonal trends and ranges of variation exhibited by the observations. The metrics of model performance are good with small differences between the observed and predicted means and also high index of agrement (0.80 – 0.96). In the upper region of the estuary close to the upstream boundary at S-79 at stations 21FLEECOCES03SUR and 21FLFTM CALUSA008FTM, the performance of the model is lower and the levels of salinity intrusion are not fully captured. In this region, along with nearby tributaries, the model under predicts the observed salinity concentrations (Figure 26, Figure 27, and Appendix A). The model predictions of bottom salinity at 21FLFTM CALUSA008FTM were in closer correspondence to the measured data than the surface salinity predictions at the same station, indicating that the model is able to predict salinity intrusion in the bottom layers. 
[bookmark: _Ref456084269]Table 14: Model performance statistics for salinity
	Station ID
	Mean Measured (PSU)
	Median Measured (PSU)
	5th Percentile Measured (PSU)
	95th Percentile Measured (PSU)
	Mean Simulated (PSU)
	Median Simulated (PSU)
	5th Percentile Simulated (PSU)
	95th Percentile Simulated (PSU)
	R2
	MAE (PSU)
	RMSE (PSU)
	NRMSE
	Index of Agrmt

	21FLEECOCES03SUR
	2.5
	1.2
	0.2
	11.1
	0.93
	0.4
	0.13
	5.50
	0.58
	1.76
	2.89
	1.19
	0.65

	21FLFTM CALUSA0008FTM - Surface
	3.4
	3.1
	0.2
	12.7
	1.12
	0.69
	0.19
	6.10
	0.65
	2.43
	3.48
	1.20
	0.63

	21FLFTM CALUSA0008FTM -Bottom
	10.5
	12.6
	0.2
	25.7
	4.73
	4.18
	0.19
	14.86
	0.71
	5.77
	7.50
	0.82
	0.73

	21FLFTM CALUSA0011FTM
	8.0
	8.7
	0.2
	20.0
	5.82
	6.59
	0.33
	12.59
	0.64
	3.35
	4.39
	0.54
	0.82

	21FLEECOCES06SUR
	10.3
	12.3
	0.2
	23.9
	11.07
	13.95
	0.35
	21.76
	0.88
	2.13
	2.76
	0.22
	0.96

	21FLEECOCES10SUR
	19.5
	23.0
	1.1
	33.8
	20.62
	23.76
	1.62
	32.66
	0.87
	2.87
	3.68
	0.17
	0.96

	21FLCHARMPV004
	26.3
	28.3
	10.0
	35.5
	28.83
	31.47
	12.71
	35.48
	0.62
	3.96
	5.07
	0.18
	0.86
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[bookmark: _Ref456003806]Figure 26: Simulated and observed salinity at 21FLEECOCES03SUR
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[bookmark: _Ref456003940]Figure 27: Simulated and observed salinity at 21FLFTM CALUSA0008FTM
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[bookmark: _Ref456004962]Figure 28: Simulated and observed salinity at 21FLFTM CALUSA0011FTM

[image: ]
Figure 29: Simulated and observed salinity at 21FLEECOCES06SUR
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Figure 30: Simulated and observed salinity at 21FLEECOCES10SUR
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[bookmark: _Ref456003813]Figure 31: Simulated and observed salinity at 21CHARMPV004

[bookmark: _Toc463620183]Flows
The 2017 Caloosahatchee EFDC model was calibrated to reproduce observed records of tidal flows available at several USGS/USGS-SOFIA (South Florida Information Access) stations across the estuary. In general, the simulation of flows at a particular location is subject to a higher level of uncertainty than the simulation of other hydrodynamic variables such as water elevation, salinity, or temperature. This uncertainty results from errors in the flow measurement/estimates used to adjust the model, and uncertainty in the forcing conditions of the model and model parameterization. In the first case, the flows reported by agencies, such as USGS, are generally computed based on rating curves relating cross section geometry and velocity derived from acoustic devices such as ADCPs (Acoustic Doppler Current Profilers) and other field measurements. The quality of the estimates can be negatively impacted by tidal circulation or extreme flow conditions, and in most cases the estimates are not 100% accurate. An example comparing the agreement between the observed flows and the curve derived flows at USGS 02293205 is presented in Figure 32 and Figure 33. In this case, some discrepancies are observed, particularly in the peak flood and ebb flows. 
When the flows derived from rating curves at a station are compared to the model predictions, other factors can impact the agreement between the two datasets. For instance, the discrepancies between observed and model predicted flows at USGS 02293205 (Figure 34) and other stations can be caused by errors in the freshwater boundary flow conditions at the S-79 upstream boundary. The flows used to force the model at this boundary are rated by the USGS as “poor” as they are impacted by several factors such as tidal circulation, gate operations, and water level changes.  
Despite the limitations related with the measurement and model predictions of flow, in most cases there is an acceptable agreement between the measured flows and the estimated flows, and the continuous records derived from the rating curves can be used as a reference to calibrate a hydrodynamic model. For the 2017 Caloosahatchee River model, the continuous records of flows reported at USGS/USGS-SOFIA were used to evaluate the performance of the EFDC model to reproduce the magnitude of flood and ebb flows, to refine the bottom roughness of the model, and to refine the configuration of the model grid and bathymetry. The calibration results are summarized below in Table 15 and from Figure 34 to Figure 42. 
In general, the model was able to represent the range and magnitude of the flows observed throughout the estuary. The model performed well during spring and neap periods, although there were small timing discrepancies between the observed and simulated flows which seem to have negatively impacted the model performance statistics, and in particular the MAE and NRMSE. The discrepancies observed at USGS station 02293205 are primarily caused by the uncertainty in the upstream boundary flows which come from observations at USGS 02292900. The accuracy of the records reported by USGS at this station is rated as “poor” in the annual water data report as they are impacted by gate operations, tidal circulation and water height.
At most stations the model was able to reproduce the magnitude of the flood and ebb flows and at stations close to the mouth of the estuary the ebb flows seemed to be slightly over predicted (e.g. Figure 40 through Figure 42). 
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[bookmark: _Ref462069246]Figure 32: Comparison of flows measured and calculated by USGS at station 02293205
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[bookmark: _Ref462069258]Figure 33: Comparison of flows measured and calculated by USGS at station 02293205 (cont.)

[bookmark: _Ref456095351]Table 15: Model performance statistics for flow
	Station ID
	Mean Measured (cms)
	Median Measured (cms)
	5th Percentile Measured (cms)
	95th Percentile Measured (cms)
	Mean Simulated (cms)
	Median Simulated (cms)
	5th Percentile Simulated (cms)
	95th Percentile Simulated (cms)
	R2
	MAE (cms)
	RMSE (cms)
	NRMSE
	Index of Agrmt

	02293205 (Marker 52)
	-52.78
	-97.69
	-526.69
	498.38
	-47.28
	-64.98
	-694.22
	656.42
	0.83
	211.99
	259.82
	0.13
	0.89

	2631440820810400 (Punta Blanca)
	-51.79
	15.01
	-1,010.91
	896.23
	-61.96
	-28.48
	-1,120.24
	922.73
	0.89
	249.70
	319.86
	0.11
	0.94

	02293210 (Shell Point)
	-28.84
	9.63
	-396.44
	308.65
	-33.94
	8.44
	-523.97
	392.48
	0.87
	132.38
	162.08
	0.16
	0.91
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[bookmark: _Ref456095475]Figure 34: Simulated and observed flow at USGS 02293205 (Marker 52), 2010 – 2014
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Figure 35: Simulated and observed flow at USGS 02293205 (Marker 52), 2012
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Figure 36: Simulated and observed flow at USGS 02293205 (Marker 52), July – August, 2012
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Figure 37: Simulated and observed flow at station 2631440820810400 (Punta Blanca), 2010 – 2014
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Figure 38: Simulated and observed flow at station 2631440820810400 (Punta Blanca), 2010
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Figure 39: Simulated and observed flow at station 2631440820810400 (Punta Blanca), July – August, 2010
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[bookmark: _Ref456096776]Figure 40: Simulated and observed flow at USGS 02293210 (Shell Point), 2010 – 2014
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Figure 41: Simulated and observed flow at USGS 02293210 (Shell Point), 2010
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[bookmark: _Ref456095490]Figure 42: Simulated and observed flow at USGS 02293210 (Shell Point), July – August, 2010
[bookmark: _Toc463594172][bookmark: _Toc463620184]Calibration Issues, Modifications, and Recommendations
Issue #1: There are no bathymetry data available for the tributary channels included in the EFDC model grid. 
Modification: The department provided Tetra Tech with a dataset of cross-section information for some of the tributaries. The dataset consisted of surveyed data from Jacks Branch and input data files from the North Fort Myers Mike11 model. The dataset could not be directly used during the setup of the 2017 EFDC Model because the Jacks Branch tributary is located outside the limits of the EFDC model and because the input datasets from the Mike11 model (in .txt format) did not contain data for the tributaries included in the EFDC model. 
Tetra Tech adjusted the bathymetry in the tributaries during the model setup and calibration runs to ensure a stable model setup. The data provided by the department, although not directly used in the EFDC model, were used as a reference to define reasonable bathymetric values to the different tributaries in the model.
Issue #2: The model may not be stable between wetting and drying periods in the marsh cells.
Modification: The vegetation parameters for the marsh cells were adjusted during model calibration to ensure the model was stable between wetting and drying periods.
Issue #3: The open boundary conditions need to be adjusted. Currently, the model setup uses the tidal records available at NOAA station 8725110 (Naples, FL).
Modification: During model calibration, Tetra Tech adjusted the phase and amplitude of the WSE time series used to force the south model boundaries. Tetra Tech also used the principal tidal harmonic constituents reported at NOAA station 8725541 (Bokellia, Charlotte Harbor, FL) to construct a WSE time series to force the north open boundaries. The modifications performed during the model setup and calibration runs had a positive impact on the stability and predictive performance of the model.
Issue #4: Salinity intrusion in the riverine portion is limited in the current model setup. 
Recommendation: The turbulence parameters, in particular the parameters controlling the stability of the stratification, were adjusted to improve the transport of salinity fronts from the embayment to the upstream regions. The grid cell alignment and channel depth was evaluated and adjusted to better simulate water movement in the estuary.
Issue #5: Temperature is currently under predicted by the model when using the initial HSPF draft temperature results. 
Recommendation: The S-79 temperature and tributary temperature boundaries have been replaced with the final calibration 2017 HSPF Model, and the 2017 EFDC Model results have improved. Temperature is no longer under predicted. 
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[bookmark: _Toc463620186]Appendix A: Hydrodynamic Calibration Results (2010 – 2014)


WATER SURFACE ELEVATION
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Figure A-1: Simulated and observed WSE at USGS 02293055

[image: ]
Figure A-2: Simulated and observed WSE at USGS 02293090
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Figure A-3: Simulated and observed WSE at USGS 02293190
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Figure A-4: Simulated and observed WSE at USGS 022929176
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Figure A-5: Simulated and observed WSE at station 264006081534400


TEMPERATURE
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Figure A-6: Simulated and observed temperature at 21FLCHARSCV001
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Figure A-7: Simulated and observed temperature at 21FLEECO23-5GR
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Figure A-8: Simulated and observed temperature at 21FLEECO29-8GR 
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Figure A-9: Simulated and observed temperature at 21FLEECOBILLGR20
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Figure A-10: Simulated and observed temperature at 21FLEECODEEPGR10
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Figure A-11: Simulated and observed temperature at 21FLFTMCALUSA0023FTM


SALINITY
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Figure A-12: Simulated and observed salinity at 21FLCHARSCV001
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Figure A-13: Simulated and observed salinity at 21FLEECO23-5GR
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Figure A-14: Simulated and observed salinity at 21FLEECO29-8GR

[image: ]
Figure A-15: Simulated and observed salinity at 21FLEECOBILLGR20
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Figure A-16: Simulated and observed salinity at 21FLEECODEEPGR10
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Figure A-17: Simulated and observed salinity at 21FLFTMCALUSA0023FTM


FLOW
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Figure A-18: Simulated and observed flows at USGS 02293055
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Figure A-19: Simulated and observed flows at USGS 02293090
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Figure A-20: Simulated and observed flows at USGS 02293190
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Figure A-21: Simulated and observed flows at USGS 022929176
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Figure A-22: Simulated and observed flows at station 264006081534400











[bookmark: _Toc463620187]Appendix B: Hydrodynamic Results (1996 – 2014)


WATER SURFACE ELEVATION
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Figure B-1: Simulated and observed WSE at USGS 022929176
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Figure B-2: Simulated and observed WSE at USGS 02293055
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Figure B-3: Simulated and observed WSE at USGS 02293090

[image: ]
Figure B-4: Simulated and observed WSE at USGS 02293190
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Figure B-5: Simulated and observed WSE at USGS 02293205
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Figure B-6: Simulated and observed WSE at USGS 02293210
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Figure B-7: Simulated and observed WSE at USGS 264006081534400

[image: ]
Figure B-8: Simulated and observed WSE at NOAA 8525520

Table B-1: Model performance statistics for WSE 
	Station ID
	Mean Measured (m MSL)
	Median Measured (m MSL)
	5th Percentile Measured (m MSL)
	95th Percentile Measured (m MSL)
	Mean Simulated (m MSL)
	Median Simulated (m MSL)
	5th Percentile Simulated (m MSL)
	95th Percentile Simulated (m MSL)
	R2
	MAE     (m MSL)
	RMSE (m MSL)
	NRMSE
	Index of Agrmt

	8725520
	0.04
	0.06
	-0.26
	0.34
	0.12
	0.13
	-0.16
	0.43
	0.74
	0.10
	0.12
	0.68
	0.88

	022929176 - Max
	0.40
	0.40
	0.11
	0.66
	0.39
	0.39
	0.11
	0.66
	0.82
	0.078
	0.10
	0.07
	0.90

	022929176 - Min
	-0.08
	-0.07
	-0.33
	0.15
	-0.07
	-0.08
	-0.28
	0.15
	0.73
	0.078
	0.11
	0.07
	0.85

	02293055 - Max
	0.40
	0.40
	0.14
	0.65
	0.41
	0.41
	0.14
	0.69
	0.84
	0.070
	0.09
	0.07
	0.91

	02293055 - Min
	0.00
	-0.01
	-0.22
	0.22
	0.00
	-0.01
	-0.21
	0.23
	0.76
	0.071
	0.10
	0.08
	0.87

	02293090 - Max
	-0.01
	-0.05
	-0.19
	0.35
	0.37
	0.37
	0.09
	0.64
	0.65
	0.384
	0.41
	0.32
	0.47

	02293090 - Min
	0.37
	0.36
	0.07
	0.64
	-0.06
	-0.06
	-0.27
	0.16
	0.73
	0.431
	0.45
	0.32
	0.43

	02293190 - Max
	0.34
	0.35
	0.08
	0.58
	0.37
	0.37
	0.10
	0.63
	0.87
	0.064
	0.08
	0.07
	0.93

	02293190 - Min
	-0.07
	-0.07
	-0.30
	0.11
	-0.04
	-0.04
	-0.24
	0.17
	0.79
	0.062
	0.09
	0.06
	0.87

	02293205 - Max
	0.32
	0.32
	0.06
	0.57
	0.34
	0.34
	0.07
	0.61
	0.89
	0.058
	0.08
	0.05
	0.94

	02293205 - Min
	-0.09
	-0.08
	-0.32
	0.11
	-0.05
	-0.06
	-0.26
	0.15
	0.84
	0.059
	0.08
	0.06
	0.90

	02293210 - Max
	0.35
	0.36
	0.12
	0.57
	0.30
	0.30
	0.05
	0.55
	0.94
	0.062
	0.08
	0.07
	0.94

	02293210 - Min
	-0.16
	-0.15
	-0.37
	0.04
	-0.09
	-0.08
	-0.30
	0.12
	0.91
	0.073
	0.09
	0.07
	0.89

	264006081534400 - Max
	0.35
	0.35
	0.08
	0.58
	0.36
	0.36
	0.09
	0.62
	0.76
	0.061
	0.12
	0.05
	0.86

	264006081534400 - Max
	-0.06
	-0.06
	-0.29
	0.13
	-0.04
	-0.04
	-0.24
	0.16
	0.57
	0.075
	0.13
	0.06
	0.73





TEMPERATURE
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Figure B-9: Simulated and observed temperature at 21CHARMPV004
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Figure B-10: Simulated and observed temperature at 21CHARSCV001
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Figure B-11: Simulated and observed temperature at 21FLEECO23-5GR 
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Figure B-12: Simulated and observed temperature at 21FLEECO29-8GR 
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Figure B-13: Simulated and observed temperature at 21FLEECOBILLGR20
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Figure B-14: Simulated and observed temperature at 21FLEECOCES03SUR
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Figure B-15: Simulated and observed temperature at 21FLEECOCES06SUR
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Figure B-16: Simulated and observed temperature at 21FLEECOCES10SUR
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Figure B-17: Simulated and observed temperature at 21FLEECODEEPGR10
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Figure B-18: Simulated and observed temperature at 21FLFTMCALUSA0008FTM
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Figure B-19: Simulated and observed temperature at 21FLFTMCALUSA0011FTM
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Figure B-20: Simulated and observed temperature at 21FLFTMCALUSA0023FTM
[image: ]
Figure B-21: Simulated and observed temperature at MP2B
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Figure B-22: Simulated and observed temperature at MP3C
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Figure B-23: Simulated and observed temperature at Redfish Pass
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Figure B-24: Simulated and observed temperature at Shell Point
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Figure B-25: Simulated and observed temperature at Fort Myers
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Figure B-26: Simulated and observed temperature at Beautiful Island



Table B-2: Model performance statistics for temperature 
	Station ID
	Mean Measured (°C)
	Median Measured (°C)
	5th Percentile Measured (°C)
	95th Percentile Measured (°C)
	Mean Simulated (°C)
	Median Simulated (°C)
	5th Percentile Simulated (°C)
	95th Percentile Simulated (°C)
	R2
	MAE (°C)
	RMSE (°C)
	NRMSE
	Index of Agrmt

	21CHARMOV004
	23.57
	25.00
	15.00
	30.00
	25.47
	26.92
	17.94
	31.78
	0.60
	2.82
	3.78
	0.15
	0.84

	21CHARSCV001
	23.63
	25.45
	14.50
	30.43
	25.72
	26.91
	18.87
	31.99
	0.65
	2.86
	3.66
	0.15
	0.85

	21FLEECO23-5GR
	22.89
	23.90
	15.78
	29.08
	24.45
	25.20
	18.53
	29.07
	0.83
	1.93
	2.33
	0.10
	0.90

	21FLEECO29-8GR
	23.55
	24.85
	16.71
	28.33
	24.50
	25.99
	16.86
	30.06
	0.83
	1.61
	2.01
	0.08
	0.94

	21FLEECOBILLGR20
	23.86
	25.34
	16.40
	29.30
	25.27
	25.89
	20.63
	29.15
	0.67
	2.12
	2.86
	0.12
	0.83

	21FLEECOCES03SUR
	25.23
	26.52
	17.85
	30.64
	26.45
	27.01
	20.56
	31.90
	0.84
	1.53
	2.05
	0.08
	0.93

	21FLEECOCES06SUR
	24.72
	25.82
	16.86
	30.30
	25.79
	26.55
	19.47
	30.81
	0.77
	1.82
	2.37
	0.09
	0.91

	21FLEECOCES10SUR
	25.03
	26.36
	16.84
	30.51
	26.28
	27.26
	19.50
	31.81
	0.75
	2.06
	2.53
	0.10
	0.91

	21FLEECODEEPGR10
	25.72
	27.00
	18.08
	31.01
	24.74
	26.25
	16.65
	29.87
	0.81
	1.70
	2.10
	0.08
	0.93

	21FLFTMCALUSA0008FTM
	26.15
	27.47
	19.32
	31.67
	27.97
	28.39
	22.89
	33.23
	0.76
	2.06
	2.72
	0.10
	0.87

	21FLFTMCALUSA0011FTM
	24.96
	26.88
	16.46
	31.03
	26.50
	27.57
	19.66
	32.13
	0.83
	1.89
	2.50
	0.10
	0.92

	21FLFTMCALUSA0023FTM
	25.01
	26.42
	18.53
	30.36
	25.34
	26.83
	18.18
	30.73
	0.76
	1.54
	2.10
	0.08
	0.93

	MP2B
	25.13
	26.53
	16.68
	31.63
	26.23
	26.94
	19.69
	32.15
	0.62
	2.55
	3.22
	0.12
	0.87

	MP3C
	25.37
	27.08
	16.44
	31.62
	26.71
	27.66
	19.96
	32.68
	0.73
	2.28
	2.91
	0.11
	0.89

	Redfish Pass
	24.85
	26.43
	16.39
	31.36
	26.25
	26.84
	19.97
	32.20
	0.75
	2.29
	2.88
	0.11
	0.89

	Shell Point
	25.18
	27.00
	16.81
	31.38
	26.28
	27.02
	19.97
	32.08
	0.74
	2.16
	2.73
	0.11
	0.90

	Fort Myers
	25.40
	27.26
	17.50
	31.15
	26.42
	27.37
	20.68
	31.36
	0.76
	1.91
	2.52
	0.10
	0.90

	Beautiful Island
	26.85
	27.91
	21.30
	31.94
	27.96
	28.47
	23.28
	33.27
	0.80
	1.48
	1.90
	0.07
	0.92




SALINITY
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Figure B-27: Simulated and observed salinity at 21CHARMPV004
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Figure B-28: Simulated and observed salinity at 21CHARSCV001
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Figure B-29 Simulated and observed salinity at 21FLEECO23-5GR 
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Figure B-30 Simulated and observed salinity at 21FLEECO29-8GR 
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Figure B-31: Simulated and observed salinity at 21FLEECOBILLGR20
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Figure B-32: Simulated and observed salinity at 21FLEECOCES03SUR
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Figure B-33: Simulated and observed salinity at 21FLEECOCES06SUR
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Figure B-34: Simulated and observed salinity at 21FLEECOCES10SUR
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Figure B-35: Simulated and observed salinity at 21FLEECODEEPGR10
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Figure B-36: Simulated and observed salinity at 21FLFTMCALUSA0008FTM
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Figure B-37: Simulated and observed salinity at 21FLFTMCALUSA0011FTM
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Figure B-38: Simulated and observed salinity at 21FLFTMCALUSA0023FTM
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Figure B-39: Simulated and observed salinity at MP2B
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Figure B-40: Simulated and observed salinity at MP3C
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Figure B-41: Simulated and observed salinity at Redfish Pass
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Figure B-42: Simulated and observed salinity at Shell Point
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Figure B-43: Simulated and observed salinity at Fort Myers
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Figure B-44: Simulated and observed salinity at Beautiful Island



Table B-3: Model performance statistics for salinity 
	Station ID
	Mean Measured (PSU)
	Median Measured (PSU)
	5th Percentile Measured (PSU)
	95th Percentile Measured (PSU)
	Mean Simulated (PSU)
	Median Simulated (PSU)
	5th Percentile Simulated (PSU)
	95th Percentile Simulated (PSU)
	R2
	MAE (PSU)
	RMSE (PSU)
	NRMSE
	Index of Agrmt

	21CHARMOV004
	26.13
	28.50
	10.00
	35.53
	26.84
	30.22
	11.85
	35.00
	0.63
	3.66
	4.82
	0.18
	0.89

	21CHARSCV001
	30.59
	32.35
	19.78
	38.81
	31.64
	34.32
	19.16
	36.44
	0.49
	3.67
	4.58
	0.15
	0.83

	21FLEECO23-5GR
	0.91
	0.40
	0.07
	3.75
	0.40
	0.40
	0.40
	0.40
	0.10
	0.72
	2.46
	3.94
	0.02

	21FLEECO29-8GR
	1.98
	0.36
	0.07
	11.33
	0.60
	0.40
	0.40
	2.39
	0.51
	1.64
	3.65
	2.11
	0.36

	21FLEECOBILLGR20
	1.09
	0.42
	0.25
	5.65
	0.57
	0.40
	0.38
	1.34
	0.02
	0.77
	2.09
	2.33
	0.19

	21FLEECOCES03SUR
	4.84
	3.39
	0.20
	18.45
	1.15
	0.46
	0.22
	4.51
	0.52
	3.84
	6.10
	1.79
	0.42

	21FLEECOCES06SUR
	13.75
	15.69
	0.20
	29.21
	13.18
	15.52
	0.36
	22.79
	0.87
	2.60
	3.38
	0.22
	0.95

	21FLEECOCES10SUR
	22.54
	25.69
	2.54
	36.74
	22.69
	25.59
	3.17
	33.47
	0.84
	3.21
	3.95
	0.16
	0.95

	21FLEECODEEPGR10
	4.40
	2.75
	0.34
	16.25
	5.54
	4.67
	0.40
	18.86
	0.28
	3.64
	5.63
	0.87
	0.72

	21FLFTMCALUSA0008FTM - Surface
	4.64
	3.93
	0.17
	15.70
	1.46
	0.82
	0.20
	6.13
	0.72
	3.31
	4.88
	1.31
	0.57

	21FLFTMCALUSA0008FTM - Bottom
	9.91
	8.09
	0.24
	26.53
	4.25
	1.73
	0.22
	14.57
	0.64
	6.04
	8.05
	0.92
	0.70

	21FLFTMCALUSA0011FTM
	10.20
	10.22
	0.19
	25.00
	7.00
	7.95
	0.34
	15.34
	0.63
	4.26
	5.92
	0.58
	0.79

	21FLFTMCALUSA0023FTM
	1.13
	0.36
	0.22
	6.00
	0.39
	0.40
	0.31
	0.41
	0.33
	0.86
	2.03
	3.16
	0.00

	MP2B
	25.32
	27.62
	12.18
	35.31
	26.27
	29.11
	11.27
	33.80
	0.69
	3.30
	4.23
	0.16
	0.91

	MP3C
	24.28
	26.81
	12.23
	33.59
	25.78
	28.46
	12.69
	33.49
	0.69
	3.20
	4.19
	0.16
	0.90

	Redfish Pass
	33.98
	34.32
	30.06
	36.96
	34.23
	35.27
	28.35
	37.12
	0.27
	1.87
	2.58
	0.08
	0.70

	Shell Point
	26.69
	29.20
	10.96
	35.95
	26.46
	29.34
	7.93
	35.29
	0.61
	3.93
	5.17
	0.19
	0.88

	Fort Myers
	10.67
	12.31
	0.20
	24.21
	7.87
	8.88
	0.34
	17.52
	0.79
	3.58
	4.74
	0.42
	0.88

	Beautiful Island-Surface
	1.78
	1.51
	0.22
	4.85
	0.88
	0.82
	0.18
	2.28
	0.06
	1.18
	1.77
	1.31
	0.36

	Beautiful Island-Sub-Surface
	1.74
	1.44
	0.17
	5.20
	1.32
	0.65
	0.25
	4.55
	0.11
	1.27
	1.91
	1.08
	0.56




FLOW
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Figure B-45: Simulated and observed flows at USGS 022929176
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Figure B-46: Simulated and observed flows at USGS 02293055
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Figure B-47: Simulated and observed flows at USGS 02293090
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Figure B-48: Simulated and observed flows at USGS 02293190
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Figure B-49: Simulated and observed flows at USGS 02293205
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Figure B-50: Simulated and observed flows at USGS 02293210
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Figure B-51: Simulated and observed flows at USGS 264006081534400
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Figure B-52: Simulated and observed flows at USGS 263144082010400


Table B-4: Model performance statistics for flow 
	Station ID
	Mean Measured (cms)
	Median Measured (cms)
	5th Percentile Measured (cms)
	95th Percentile Measured (cms)
	Mean Simulated (cms)
	Median Simulated (cms)
	5th Percentile Simulated (cms)
	95th Percentile Simulated (cms)
	R2
	MAE (cms)
	RMSE (cms)
	NRMSE
	Index of Agrmt

	022929176
	-1.65
	-0.48
	-6.94
	-0.14
	-1.70
	-0.44
	-6.67
	0.02
	0.82
	0.71
	1.23
	0.39
	0.95

	02293055
	2.49
	1.64
	-0.21
	8.86
	2.80
	1.59
	0.12
	9.23
	0.66
	1.29
	2.33
	0.56
	0.89

	02293090
	-0.26
	-0.03
	-1.42
	0.01
	-0.36
	-0.13
	-1.46
	-0.01
	0.72
	0.19
	0.34
	0.57
	0.90

	02293190
	0.42
	0.11
	-0.19
	1.98
	0.58
	0.27
	0.11
	1.93
	0.71
	0.39
	0.60
	0.09
	0.82

	02293205
	-49.38
	-9.60
	-532.36
	501.21
	-44.60
	52.22
	-682.02
	626.32
	0.70
	196.85
	242.54
	0.68
	0.90

	02293210
	-16.01
	62.58
	-376.61
	305.82
	-22.93
	93.17
	-511.36
	384.64
	0.79
	122.82
	149.84
	0.60
	0.92

	263144082010400
	-19.79
	157.73
	-962.77
	889.15
	-41.62
	147.91
	-1079.44
	893.73
	0.81
	227.16
	289.90
	0.48
	0.95

	264006081534400
	-0.41
	-0.19
	-1.81
	0.51
	-0.25
	-0.09
	-1.44
	0.80
	0.12
	0.71
	0.90
	1.60
	0.60
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