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B.2.3.1 INTRODUCTION 

The Everglades Agricultural Area (EAA) Subregional Model is an integrated surface 
water/groundwater management model that was developed for modeling canal levels and flows, 
groundwater levels and wetland hydro-periods. The EAA Subregional Model was developed in 
order to have a tool that could be used to evaluate plan alternatives in order to meet the 
objectives of the Project Management Plan.    

Those objectives are:  
1. Reduction of the Lake Okeechobee regulatory releases to estuaries and backpumping 

from the EAA into Lake Okeechobee by moving water to the south and into proposed 
reservoirs. 

2. Improved environmental releases through the storage of water within the EAA during the 
wet season and release to the Everglades during the dry season. 

3. Flow stabilization and optimization of treatment performance of STA-2, STA-3/4, STA-
5, and STA-6 by capturing peak storm event discharges within proposed reservoirs and 
later release of water into the STAs. 

4. Improved flood control and regional water supply for the agricultural community 
currently served by the EAA canals and other areas served by Lake Okeechobee through 
proposed canal improvements.  

In order to predict future impacts of management scenarios, the model must be capable of 
simulating historical records of stages, flows and groundwater levels in the watershed. The EAA 
Subregional Model was calibrated for the period from June 1995 to May 2000, which includes a 
number of dry and wet years. The model was validated using data from June 2000 to May 2002.  
The validation period was one of the driest periods in the past decade and is an extreme test of 
model performance under significantly different climatic conditions. Both the calibration data 
and the model output stages are referenced to the NGVD 1929 vertical datum.  

The EAA Subregional Model is an integrated, fully-distributed and physically-based numerical 
model (MIKE SHE / MIKE 11).  It is capable of numerically representing all major components 
of the land-based portion of the hydrological cycle.      
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B.2.3.2 CONCEPTUAL MODEL DESCRIPTION 

The primary surface water system in the EAA is comprised of reasonably well maintained, dug 
canals and the geometry of the water table aquifer is fairly simple.  Furthermore, it is generally 
possible to determine reasonable aquifer parameters using available data. In spite of the apparent 
simplicity of the primary surface water and groundwater systems when viewed as separate 
systems, it is difficult to conceptualize the coupled surface water system, including primary, 
secondary, and internal farm canals, and groundwater system adequately for numerical 
simulations.  The difficulties result from a number of issues that include but are not necessarily 
limited to 1) scale issues, 2) inadequate information on the geometry of many secondary and 
most internal farm canals, 3) spatial variations in major and secondary canal exchanges with the 
groundwater system, and 4) poor understanding of the thresholds used by individual farms for 
initiating drainage and irrigation activities (e.g., seepage).  

MIKE SHE is a physically-based, distributed, integrated surface water and groundwater model. 
This makes the conceptualization important because conceptualization errors can be more 
difficult to resolve than in many lumped parameter models.  Since computer resources are 
limited, the conceptual model must be simple enough that it can be set up in a numerical model 
that runs in a reasonable amount of time for calibration and all possible applications of the 
model. At the same time it should be sufficiently detailed to be able to accurately represent the 
important aspects of the system.  

A number of significant issues related to conceptualization of the EAA are presented below.  
These items have been included in the discussion because it was determined that they had a 
significant effect on model results during the calibration process.  

B.2.3.2.1 Scale effects  

The surface water network in the EAA is distributed and ranges from small interior farm canals 
to large SFWMD canals.  There are 226 farm units within the EAA and they range in size from 
approximately eight acres to 23,190 acres.  In the modeled area, there are 308 miles of SFWMD 
canals and approximately 1,950 miles of secondary canals within the  farm units.  In addition to 
secondary canals, EAA farms also have an extensive network of farm ditches that move water to 
and from individual farm blocks.  

The extensive internal farm network is required because farmers in the EAA use internal canals 
to manage the water table within the farm.  In periods of excess rainfall and soil moisture 
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conditions, drainage pumps are used to lower water levels in internal canals, increase seepage 
from the muck soils to farm canals, and move water to SFWMD canals.  Conversely, in periods 
of low rainfall and soil moisture conditions, irrigation pumps and or flashboard culverts are used 
to move water from SFWMD canals to internal canals, increase water levels in farm canals, and 
increase seepage from farm canals to muck soils.  Images of typical EAA drainage and irrigation 
structures are shown in Figure B.2.3.1.  

Farm Irrigation/LeakageFarm Drainage Farm Irrigation/LeakageFarm Drainage 

Figure B.2.3.1 Typical EAA drainage and irrigation structures and uncontrolled leakage that may 
occur at private structures  

Because the internal farm canal network is extensive and SFWMD canal levels are typically 
above farm elevations, seepage from the canal network to the groundwater system occurs over a 
large area.  A generalized schematic of the surface water network in the EAA, seepage, and 
irrigation and drainage activities is shown in Figure B.2.3.2.    
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IRRIGATION DRAINAGE

 

Figure B.2.3.2 Surface water system with representation of farm processes and canal seepage 
from SFWMD and farm canals  

Because EAA farms use drainage pumps, irrigation pumps, and flashboard culverts to manage 
the water table, the dense surface water network heavily influences the water table surface. Farm 
drainage and irrigation are a function of the water table surface.  Furthermore, Stormwater 
Treatment Area (STA) cells, which range in size from 2,500 (STA-6) to 17,500 (STA-3/4) acres, 
and potential reservoirs have or will have a significant effect on the water table surface and 
seepage at a larger scale than individual farms.  

Reported farm drainage from the agricultural EAA averaged 31.5 in/yr over the period from June 
1995 to June 2002 (Figure B.2.3.3).  Irrigation demands in the EAA are generally estimated to be 
about one-third of drainage values (Bottcher and Izuno, 1992) and equals approximately 10.5 
in/yr.  Rainfall during the same period averaged 48 in/yr. Therefore, drainage and irrigation are 
significant water budget items in the EAA.  
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Figure B.2.3.3 Reported 28-day average farm drainage from agricultural areas in the EAA 
(inches)  

Because drainage and irrigation are significant and closely related to operation of the farm 
canals, these processes must be represented in a manner that is capable of accurately simulating 
these processes. In order to accurately simulate drainage and irrigation activities and movement 
of water within the EAA, major conveyance canals are represented in a detailed manner (i.e., 
SFWMD canals and privately-maintained gravity-connected canals).  Furthermore, in order to 
keep the numerical overhead manageable, interior farms are represented in a conceptual manner.  
The storage in farm canals within several sub-basins is totaled to interact with SFWMD canals or 
other large canals during times of supplemental water use within the EAA.  Farm drainage is 
represented using a distributed drainage function that moves water to major canals in times of 
excess rainfall and soil moisture conditions.  A more detailed discussion of how canal storage, 
drainage, and irrigation are implemented is discussed below in Sections B.2.3.2.2, B.2.3.2.3, and 
B.2.3.2.4, respectively.  

The geometry of the Water Table Aquifer within the EAA is relatively well-defined and water 
table elevations are generally a reflection of topography and the distribution of the interior farm 
network.  In the case of the EAA Subregional Model, the drainage function that is used has 
limited scale dependence because of the relative consistency of water table elevations within 
individual farms and the limited data available for calibration of drainage function parameters 
below the sub-basin level.  The STAs and proposed storage reservoirs represent features that 
affect seepage and water table elevations but are not necessarily related to topography and cannot 
be represented using the drain function.  As a result, discretization of the groundwater portion of 
the model must be less than the size of the smallest STA (2,500 acres).  The discretization of the 
groundwater portion of the EAA Subregional Model is approximately ¼ mile in the x- and y-
directions and is sufficient to represent seepage effects in the EAA.  All STAs and storage 
reservoirs will have at least eight calculation cells within the interior of the storage feature and be 
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capable of simulating horizontal gradients and lateral seepage at a maximum resolution of 1,500 
feet away from the storage feature in adjacent farms.  

B.2.3.2.2 Farm canal storage conceptualization 

Because the storage capacity of the internal farm network is significant and it interacts with 
SFWMD canals during times when there are supplemental water needs within the EAA and is a 
seepage source or sink for the groundwater system, it must be represented in the EAA 
Subregional Model in a manner that is capable of representing the physical system.  The detail 
that can be included in the numerical representation of internal farm storage, however, is limited 
by the discretization of the groundwater model, lack of detailed data about the cross-section 
geometry of the farm network, and the numerical overhead associated with representation of the 
full farm network in the hydraulic model.  Internal farm canal storage has been implemented at 
20 locations within in the EAA Subregional Model.  These 20 locations are based on the 20 sub-
basins defined in the EAA by Kimley-Horn (Figure B.2.3.4).  Each of the 20 sub-basins was 
defined by grouping the 226 farm units in the EAA into drainage basins based on the discharge 
location of individual drainage pumps.  This sub-basin grouping was based on the drainage 
coverage prior to completion of STA-3/4 and is the most appropriate grouping for the calibration 
and validation period.  It may be appropriate to revise the farm canal storage representation for 
scenarios in which STA-3/4 is operational.  
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Figure B.2.3.4 Conceptual internal farm canal storage areas in the 20 sub-basins defined by 
Kimley-Horn  

The defined conceptual internal farm canal storage areas (stub canals) are shown on Figure 
B.2.3.4.  To determine the storage in each stub canal, several locations within the EAA were 
evaluated using aerial photographs to determine the average linear feet of secondary canals and 
farm ditches per unit area (Figure B.2.3.5).  The total storage area for each sub-basin was 
determined by multiplying the average linear feet of secondary canals and farm ditches per unit 
area by the area of the sub-basin and the average width of the internal farm canals.  The storage 
area used for each sub-basin stub canal is summarized in Table 2.2.1.  
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Figure B.2.3.5 Example of how the linear feet of internal canal storage was determined           
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Table 2.2.1 Total storage area used for each sub-basin stub canal 

 

For each of the stub canals, a conceptual set of cross-sections were developed and applied to 
each stub canal.  The stub canals only interact with SFWMD canals and other major canals 
during times when water levels exceed 11 to 11.5 ft NVGD in the major canals and when soil 
moisture conditions in a given farm are low.  In the model, a simple overflow weir is defined at 
the inflow to each stub canal, and the base of each stub canal cross-section was set one foot 
below the inflow elevation to 10 ft NVGD and was extended to approximately 16.5 ft NVGD.  
The rationale for this approach is described in more detail in Section B.2.3.2.4.2.  The only 
difference between stub canal cross-sections is the total storage area associated with the cross-
section, which is based on sub-basin area (Table 2.2.1).  The only exception is the cross-sections 
in sub-basin L3-USSC which were copied from the STA-6 inflow canal and additional storage 
was added above 10 ft NVGD because a conceptual structure was not placed at the downstream 
end of the L3-USSC stub canal.  Details of how interaction between major canals and the stub 
canals is given in Section B.2.3.2.4.  A representative stub canal length of approximately 6,500 ft 
was used in order to be able to couple the stub canals with MIKE SHE.  Because the location of 
the stub canals does not correspond to the location of actual canals and they are used as an 
irrigation source, aquifer-canal exchange was eliminated by setting the river leakage coefficient 
to zero and not routing drainage flow to the stub canal.   
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B.2.3.2.3 Farm drainage conceptualization 

Drainage from EAA farm units is controlled by drainage pumps or control structures at SFWMD 
canals or large privately maintained canals (e.g., Manley ditch) and the dense network of interior 
canal and field ditches.  Typically, primary farm canals discharge water to SFWMD main canals 
via drainage pumps, or by gravity in those times when farm canal levels exceed SFWMD canal 
levels.  In most cases, farmers rely on drainage pumps during rainfall events when primary farm 
canal stages reach critical elevations.  As mentioned previously, it is numerically infeasible to 
model all of the interior farm canals, and a simplified representation is needed.  The EAA 
Subregional Model includes the main SFWMD canals and all canals with gravity connections to 
the SFWMD canals.  Because of the numerical discretization used in the EAA Subregional 
Model is too coarse to represent interior farm canals in anything but a conceptual manner, some 
model limitations are introduced.  The model limitations resulting from the representation of 
farm drainage in the calibrated model are explained in the following sections.   

In the actual system, the stage in the major canals generally exceeds the stage of interior farm 
canals. Under this condition, the major canal stages will induce seepage from SFWMD canals to 
farm canals and the groundwater system because groundwater levels adjacent to the canals will, 
in most cases, be higher than in nearby farms. A simplified representation of the physical system 
is shown on Figure B.2.3.2.   

On the farms, the desired groundwater level is maintained by controlling the water levels in the 
interior farm canals. The water levels in interior canals are kept slightly lower than the maximum 
allowable ground water levels. At most times, there is a hydraulic gradient from the middle of 
each farm block towards the interior canals. Surplus water in the interior canal system is 
discharged from the farm system to the main canals. Depending on main canal water levels, 
some of the water pumped out of the farm system will return to the farm as seepage or, 
occasionally, as leakage through poorly-maintained structures (Figure B.2.3.6). Farm drainage 
and subsequent seepage and/or leakage are important aspects of the system water balance (Figure 
B.2.3.3) because the internal farm system stores water until it is pumped back to the main canals.   
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Figure B.2.3.6 Example of unregulated structure seepage through a private farm structure  

As stated previously, it is not possible to numerically represent a hydrologic system in infinite 
detail. Farm drainage is represented in the EAA Subregional Model using the MIKE SHE 
drainage module. The drainage module uses a head-dependent flux boundary that only extracts 
water from the groundwater system when groundwater levels are higher than a user-specified 
drain elevation, which can be spatially distributed. At the farm scale the drainage depth is 
typically kept within a relatively narrow range, except after large rainfall events, and results in 
relatively constant groundwater levels throughout a farm.  

Drainage fluxes are calculated by multiplying a drainage time constant (DTC) by the head 
difference between the specified drainage level and simulated groundwater levels. The DTC is a 
measure of the retention time in the drainage system; a high drainage time constant results in a 
rapid response to rainfall events and short recession times in surface water hydrographs.    

Initial DTCs were based on information gathered during interviews with farmers in the EAA. 
Individual farms were grouped in either fast- or slow-draining categories.  The category in which 
a farm was placed was a function of typical farming practices and ability to move water off of 
the farm.  
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In order to represent groundwater levels adjacent to SFWMD and other major gravity-connected 
canals, cells under the main canals are not included in the drainage system. This representation 
permits seepage exchanges between the primary surface water and groundwater systems to be 
simulated.  If the drainage system were extended to cells below the main canal, groundwater 
levels under the main canals would be equal or close to farm levels. The hydraulic gradient 
would be from the canals to the surrounding aquifer during most times and seepage would not be 
accurately represented.  

Seepage to and from the primary system is controlled by a user-defined leakage coefficient.  
Seepage can be two-way and is calculated using the head difference between canal and 
groundwater levels and a river-exchange conductance, which is based on the leakage coefficient 
and/or aquifer properties.   

Seepage from interior farm canals to the groundwater system is modeled using the irrigation 
model. It distributes water from the surface water system based on soil moisture and is discussed 
in Section B.2.3.2.4. A simplified representation of the system, as modeled in the EAA 
Subregional Model, is shown in Figure B.2.3.7.   

IRRIGATION

DRAINAGE

Drainage Level ~ Water Level

 

Figure B.2.3.7 Modeled system, drainage module replaces interior drainage canals   
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B.2.3.2.4 Farm irrigation conceptualization 

In the EAA, when rainfall is not sufficient to meet vegetation/crop water demands, supplemental 
sources of water are needed. In the actual system water is added to the internal farm system via 
gravity structures or in some cases using irrigation pumps. After sufficient additional water is 
present in the internal system, seepage from the canal system to the groundwater system is used 
to increase soil moisture levels.  Application of the supplemental water by spray, drip, or flood 
irrigation techniques is not required because of the high permeability of the muck soils (typically 
on the order of 30 ft/day).  Supplemental water use and irrigation activities in the EAA are 
modeled using the MIKE SHE irrigation module that calculates the actual crop water demand in 
each time step.   Details of the MIKE SHE irrigation module and its application to the EAA 
Subregional Model are described below.  

B.2.3.2.4.1 MIKE SHE irrigation module 

The MIKE SHE irrigation module estimates irrigation demands based on evapotranspiration and 
vegetation/crop water demands. Evapotranspiration is calculated using an empirical 
evapotranspiration algorithm that requires a time-series of reference evapotranspiration, leaf area 
indices (LAI), root depths for the vegetation types present in the study area, information about 
the vertical distribution of roots in the root zone, and three empirical parameters which depend 
on plant type and soil properties (DHI, 2003).   

Irrigation water demand is determined by comparing the simulated soil-moisture deficit to a 
specified maximum allowed soil-moisture deficit (MAD) (DHI, 2003). MAD is a concept that 
applies irrigation to areas (cells) where simulated soil moisture deficits exceed user-specified 
values. Irrigation starts if simulated soil-moisture deficits drop below the MAD and continues 
until an upper soil moisture threshold is reached, provided sufficient supplemental water is 
available in a specified source. The upper threshold is expressed as a minimum allowable soil 
moisture deficit.  

The maximum water content in the root zone (SMMax) is defined as the summation over the root 
zone cells (for a column):  

mmDZSM
i

iiwpir ,,max

  

Equation 1 Maximum water content  
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where r is an upper water content reference point and wp is the water content at wilting point 

and i is the index of the root zone cell. The reference water content is defined by the user as the 
water content at field capacity or at saturation. DZ is the depth of a specific cell in the root zone 
of the unsaturated zone model.   

The water deficit (SMDef) is calculated as the summation over the root zone cells:  

mmDZSM
i

iiirDef
iir 0,

,

 

Equation 2 Water deficit  

where 

 

is the actual water content. If the water content in a specific cell exceeds the upper 

reference water content the cell is not accounted for in the summation.  

If there is water available, irrigation starts if the actual soil moisture deficit exceeds the 
maximum allowed deficit (MAD):  

DefMax SMTSM max  

Equation 3 Irrigation start criteria  

where Tmax is the threshold value (fraction between 0-1) that defines the maximum allowed soil 
moisture deficit in the root zone.  

Available water is applied on each unsaturated zone (UZ) time-step until the minimum soil 
moisture deficit is reached.   

DefMax SMTSM min 

Equation 4 Irrigation stop criteria  

where TMin (fraction between 0-1) is the minimum soil moisture deficit tolerance.  

A representation of the available soil moisture storage in a conceptual soil column and its 
relationship to field capacity, the wilting point, irrigation thresholds, and application of the MAD 
approach to simulated soil moisture is shown in Figure B.2.3.8. In the example shown in Figure 
B.2.3.8, simulated soil moisture (water content) is between user-defined thresholds for initiation 
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and cessation of irrigation.  In the case in which  soil moisture has been increasing from the 
irrigation start threshold and has not exceeded the irrigation stop threshold, irrigation will 
continue to be applied until soil moisture exceeds the soil moisture at the specified irrigation stop 
threshold.  Conversely, if the soil moisture is decreasing from the level at the specified irrigation 
stop threshold, irrigation will not be initiated until soil moisture is less than the level defined by 
the specified irrigation start threshold. 

Irrigation stop

Irrigation start

ET

Sy

Wilting Point

Field Capacity

Saturation

SMMAX Water content

SMdef

 

Figure B.2.3.8 Irrigation MAD approach   

B.2.3.2.4.2 Irrigation description 

In the actual system, the interior farm canal network is used to move excess water out of the farm 
canal system and distribute supplemental water to crops during periods of low rainfall. As stated 
previously, it is numerically infeasible to represent the interior farm canal network in full detail.  
As a result, application of supplemental water in the EAA (irrigation) is conceptualized in the 
following manner:  

 

The EAA is divided into 20 sub-basins (see Figure B.2.3.4). 

 

Interior farm canal storage is accounted for in the 20 sub-basins in one ‘stub canal’ per 
sub-basin. 

 

Interior farm canal storage in each sub-basin is used to satisfy irrigation demand for each 
irrigated cell in a sub-basin.  



HYDRAULICS  Hydrologic Model Calibration and Verification                              

  

EAA Storage Reservoirs – Phase 1 -16- January 2004  

Except for the stub canal in the L3-USSC sub-basin, each stub canal is connected to the closest 
major canal via an underflow control structure.  The L3-USSC sub-basin is connected directly to 
the STA-6 Inflow Canal because G-600 controls outflow from the L3-USSC stub canal and 
inflow to STA-6.  

I. Actual system

II. Conceptualized system

I.

A) Irrigation water pumped to irrigation
system.

B) Many pump locations -> time consuming
and numerical challenging to include all
details.

II.

A) Irrigation demands merged on basin scale.

B)  One connection point between the primary
and the irrigation system for each basin.

C) Storage node containing all storage within
drainage system.

D) Reducing the complexity and number of
adjustable parameters and manageable input
data processing

 

Figure B.2.3.9 Conceptual description supplemental water use (irrigation) in the EAA 
Subregional Model  

Except for the stub canal in the L3-USSC sub-basin, interaction of the stub canals with adjacent 
major canals only occurs during times when there is a supplemental water need in a sub-basin 
and when sufficient water is available in the major canals.  To execute this simple operation 
scheme the following logical expressions are evaluated:  

 

If water levels in a stub canal are below a defined level and there is a hydraulic gradient 
from the major canal to the stub canal (water will only move to the stub canal) then the 
underflow gate is opened. 

 

Otherwise, stub canal underflow gates are closed.  

The interaction of the stub canals with adjacent primary canal is shown in Figure B.2.3.10. To 
prevent numerical oscillations, the underflow gates are only opened a maximum of 2.5 inches per 
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time step if condition “I” above is met.  In Figure B.2.3.10 “hc” is the threshold elevation that 
must be exceeded in SFWMD canals for interaction with interior farm canals (stub canals) to 
occur.  If hc is exceeded in the SFWMD canal and the head gradient from the SFWMD canal to 

the interior farm canal ( h = hSFWMD-hFARM) is greater than zero then water will flow into the 

farm canals from the SFWMD canals (Qv) as illustrated in case C on Figure B.2.3.10.  If hc is not 

exceeded or if hc is exceeded but h is less than or equal to zero then no water will be exchanged 

between the SFWMD and farm canals (Q0) and is illustrated in case A, B, and D on Figure 
B.2.3.10.   

hc
+ h

No 
Irrigation

No 
Irrigation

Q0

Farm 
Canal

SFWMD 
Canal

hc

- h

No 
Irrigation

No 
Irrigation

Q0

Farm 
Canal

SFWMD 
Canal

hc
+ h

IrrigationIrrigation

Farm 
Canal

SFWMD 
Canal

hc - h

IrrigationIrrigation

Q0

Farm 
Canal

SFWMD 
Canal

Qv

A

C

B

D

 

Figure B.2.3.10 Interaction of internal farm canal with SFWMD canals and conditions 
under which farm irrigation occurs  

Regardless of whether a stub canal underflow gate is opened, water is removed from a stub canal 
only if water levels in the stub canal exceed a user specified irrigation cutoff elevation (case C 
and D in Figure B.2.3.10).  An irrigation cutoff of 11 ft was specified for all sub-basins except 
for farms in the Miami North, Miami North-Central, Miami East-Central, Miami West-Central, 
Bolles, North New River North, North New River North-Central, and North New River South 
sub-basins where an irrigation cutoff of 11.5 ft was used (Figure B.2.3.11).  Irrigation cutoff 
elevations were modified during calibration based on observed stages within the major canals 
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and simulated irrigation rates.  In evaluation of modifications to irrigation cutoff elevations it 
was assumed that diversion of water for irrigation did not occur during period of low canal 
stages.  The control elevation for the underflow gates in the stub canals was identical to the 
irrigation cutoff elevations.  

 

Figure B.2.3.11 Minimum water level before irrigation starts (Irrigation cutoff elevations) 
used for EAA Farm Units in the EAA Subregional Model   

B.2.3.2.5 Boundary conditions for the saturated zone 

Boundary conditions for the saturated zone portion of the EAA sub-regional model were derived 
from a combination of observation and model-derived data.  The sources used to define 
boundary conditions for the EAA sub-regional model are shown graphically on Figure B.2.3.12. 
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Figure B.2.3.12 Sources used to develop boundary conditions for the saturated zone 
portion of the EAA sub-regional model.   

SFWMM results were used for model layer 1 along the southern and eastern portion of the model 
area (Figure B.2.3.12 – green line).  For model layers 2 and 3, SFWMM results were adjusted 
based on observed water levels and head differences between the upper and lower portions of the 
water table aquifer.  Maximum observed head differences between the upper and lower portions 
of the water table aquifer ranged from 0.45 ft at STA-1W to 2.82 ft at SFWMD Pump Station S7.  

Adjusted Lake Okeechobee stage measurements were used for model layer 1 along the northern 
boundary (Figure B.2.3.12 – yellow line).  Lake Okeechobee stages were adjusted to account for 
observed head differences between Lake Okeechobee stages and groundwater observation well 
PB-506_G (Figure B.2.3.13).  Groundwater observation well PB-506_G was not used as the 
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northern boundary condition because data is not available for this station after 1998.  
Groundwater levels used at the northern boundary, based on the average monthly head 
difference, and observed daily values at Lake Okeechobee station (L006) and PB-506_G are 
shown on Figure B.2.3.14.  No flow boundary conditions were used for model layers 2 and 3 
along the northern boundary of the model.  A no-flow boundary is appropriate for the northern 
boundary of the model for the following reasons:    

 

Data for the Tamiami aquifer near Lake Okeechobee is not available for the calibration 
and validation period.  Because of uncertainties in the characteristics of the Tamiami 
aquifer and overlying confining units, it is difficult to develop a defensible head 
difference to apply to surficial water levels to develop a conceptual time series for model 
layers 2 and 3 in the vicinity of Lake Okeechobee.  

 

If the general flow direction in the vicinity of Lake Okeechobee is from north to south 
(away from Lake Okeechobee), the time varying head used as the boundary condition 
will supply water to model layers 2 and 3, based on aquifer properties and simulated head 
differences, and induce groundwater flow to the south as a result.  

 

Based on sensitivity analyses performed during calibration, exchange between the 
Tamiami aquifer and overlying portions of the Water Table aquifer is limited.  As a 
result, it is difficult to adjust Tamiami aquifer water levels if inappropriate conditions are 
used in model layers 2 and 3 without resorting to use of unreasonable hydraulic 
parameters.   
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Figure B.2.3.13 Observed head difference between Lake Okeechobee and groundwater 
monitor well PB-506_G. 
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Figure B.2.3.14. Observed Lake Okeechobee stage, PB-506_G groundwater levels, and 
groundwater levels used in model layer 1 at the northern boundary of the model. 
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Boundary conditions for the western portions of the EAA sub-regional model were derived from 
several groundwater observation wells in eastern Hendry County (Figure B.2.3.12 – red line).  
The western boundary was located approximately three miles west of the L-1 and L-2 canals so 
that the model boundary would have minimal impact on simulated groundwater levels and 
seepage within the western portion of the EAA (e.g., seepage effects of the proposed western 
EAA storage reservoir).  

Data for the western boundary of the EAA sub-regional model were obtained from the HOWDI 
well database, which includes monthly water level readings manually collected by SFMWD 
staff.  The wells used for the western boundary are HE-854, HE-859, HE-860, HE-861, and HE-
862.  As of March 2003, the HOWDI database was not part of DBHYDRO.  The locations of 
these wells are shown on Figure B.2.3.15.  The HOWDI wells that were used to develop 
boundary conditions for the western model boundary include two sets of paired shallow and deep 
aquifer observation wells (HE-859/HE-860 and HE-861/HE- 862).  Details on the data available 
for the selected HOWDI wells are presented in Table 2.5.1.    

 

Figure B.2.3.15. Location of HOWDI database Monitor Wells used to develop saturated 
zone boundary conditions on the western edge of the EAA sub-regional model. 
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Table 2.5.1 Details for selected HOWDI wells  

Station Start End Days Min (ft.) Max (ft.) Depth (ft)

X State 
Plane 
Florida 
East (ft)

Y State 
Plane 
Florida 
East (ft)

HE-854 2/86 4/03 6286 17.42 22.46   14 Shallow 648974 819357
HE-859 11/85 4/03 6378 13.67 25.19   59 Deep 630245 772921
HE-860 11/85 4/03 6378 20.89 26.05   16 Shallow 630245 772921
HE-861 11/85 11/95 3648 7.22 14.16   70 Deep 690820 712350
HE-862 10/96 4/03 2370 5.00 13.47   11 Shallow 691272 715783

  

Figure B.2.3.16 presents shallow water table aquifer elevations at three locations (see Figure 
B.2.3.15 for well locations).  Figure B.2.3.17 presents the same shallow water table aquifer wells 
relative to land surface.  Water level elevations at monitor wells HE-854 and HE-860 are higher 
than observed at HE-862.  The land surface elevation of monitor well HE-860 is higher than the 
elevations of HE-854 and HE-862 and is reflected in the differences in water level elevations.  
Seasonal variations in water level elevations are similar at monitor wells HE-854, HE-860, and 
HE-862 and no trends appear to be present in the data over the period reviewed.  In general, 
water level elevations are above land surface at monitor well HE-860 and below land surface at 
monitor wells HE-854 and HE-862.  
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Figure B.2.3.16 Shallow Water Table Aquifer Elevations, Wells HE-854, HE-860, and 
HE-862.    
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Figure B.2.3.17 Shallow Water Table Aquifer Levels, Relative to Land Surface.  Positive 
is below land surface.  

Figure B.2.3.18 presents deep aquifer elevations at monitor wells HE-859 and HE-861 (see 
Figure B.2.3.15 for well locations), and Figure B.2.3.19 presents deep aquifer levels relative to 
land surface for the same two wells.  Well HE-859 water level elevations are higher than well 
HE-861 and reflect the potentiometric gradients observed in the Tamiami Aquifer (Figure 
B.2.3.35).  Monitor well HE-859 shows more seasonal variation after 1999 and may be a result 
of increased groundwater pumpage in the C-139 basin.  In general, aquifer levels at HE-859 and 
HE-861 are below the land surface much of the time. 
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Figure B.2.3.18 Deep Water Table Aquifer Elevations, Wells HE-859 and HE-861. 
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Deep Water Table Aquifer Depth to Water, Western Boundary
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Figure B.2.3.19 Deep Water Table Aquifer Levels Relative to Land Surface.  Positive is 
below surface.  

Because the data record for monitor wells HE-861 and HE-862 does not cover the entire 
calibration and validation period, these data were gap-filled using data from the closest SFWMM 
cell.  A comparison of the observed water level elevation relative to land surface at shallow and 
deep monitor wells HE-862 and HE-861, respectively, to the simulated water level elevation 
relative to land surface in the closest SFWMM cell is shown in Figure B.2.3.20 and Figure 
B.2.3.21.  The comparison shows simulated SFWMM values are comparable to observed values 
at HE-861 and HE-862 and appropriate to gapfill missing periods in the observed record. 

Shallow Water Table Aquifer Depth to Water, Western Boundary
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Figure B.2.3.20 Comparison of the observed depth to water at HE-862 and simulated depth 
to water in the SFWMM cell closest to HE-862. 
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Deep Water Table Aquifer Depth to Water, Western Boundary
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Figure B.2.3.21 Comparison of the observed depth to water at HE-861 and simulated depth 
to water in the SFWMM cell closest to HE-861.  

To develop boundary conditions along the western boundary of the EAA sub-regional model, 
observed water level elevations relative to land surface were linearly interpolated on the model 
grid using the two closest monitor well locations.  Calculated surficial aquifer levels based on the 
observed head difference between Lake Okeechobee stages and water levels at PB-506_G 
(Figure B.2.3.14) were used as the observed water level for the upper and lower portions of the 
water table aquifer at the northern end of the western boundary of the EAA sub-regional model.  
The grid-based interpolated water level elevations relative to land surface were converted to 
absolute elevations by subtracting the interpolated values from elevations used in the digital 
elevation model at the western boundary.  

The method used to develop boundary conditions on the western edge of the EAA sub-regional 
model is relatively simple. It will achieve the project goals because the boundary is located at a 
sufficient distance from possible reservoir locations within the EAA to minimize boundary 
effects. The model will accurately simulate seepage from proposed reservoirs.  

B.2.3.2.6 Validation of reported drainage values 

Some of the important hydrologic parameters of the EAA are: 1) how water is used for irrigation 
and 2) quantity and temporal distribution of water that is discharged to the main canals by 
drainage activities. The farmers provide reports of drainage flows to the SFWMD canals, and 
SFWMD engineers regularly check pump calibrations to improve the reliability of these 
measurements.  Nevertheless, many estimates are made from pump logs, and the accuracy of the 
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pumped flows is partially dependent on pump calibration.  There are 292 permits for farm pumps 
in the EAA, and many farms have more than one pump, so the total number of pumps probably 
exceeds 500.  In the EAA Subregional Model, the reported drainage flow is used to calibrate and 
validate the conceptual approach used to represent drainage and irrigation activities. Thus, before 
using the reported drainage data, it is crucial to have an accurate understanding of how the 
system operates and whether the reported data is consistent with other data from the EAA (e.g., 
rainfall, inflows from Lake Okeechobee, etc.).   

To establish a better understanding of the hydrology for the EAA and to determine whether the 
reported drainage values make sense, water budgets were calculated for several farms, individual 
surface water basins, and the entire EAA.  

For the farm scale, the significant water budget inflow components are rainfall, canal leakage 
and irrigation. Major outflows at the farm scale are drainage and evapotranspiration.  

When looking at the SFWMD canals, the parameters are a bit different.  In this case, rainfall and 
evapotranspiration can be ignored, but inflows to and outflows from the canals must be 
considered.  The major inflows are: 1) inflows from Lake Okeechobee and C-139, 2) drainage 
from EAA farms, 3) seepage from Lake Okeechobee and 4) the WCAs, and infiltration from 
aquifers. The major outflows are: irrigation, canal leakage (both seepage through levees and 
leakage around inflow gates to the farms), outflows from the SFWMD pump stations that 
discharge to the WCAs, and seepage to the WCAs (this may be a small loss).  

Calculation of water budgets at the basin level requires evaluation of the most comprehensive 
number of hydrologic components of any of the water budgets evaluated.  The inflows to the 
EAA are: inflows from Lake Okeechobee and C-139, rainfall and seepage from Lake 
Okeechobee and the WCAs (their average stages are in the range of two to six feet higher than 
groundwater elevations within the EAA). The outflows are: evapotranspiration, outflows from 
the SFWMD pump stations that discharge to the WCAs, seepage to the WCAs (this may be a 
small loss) and change in groundwater storage in the EAA.  

The water balance for each scale is summarized as equations below:  

EAA FARMS:  Rainfall + Canal Leakage + Irrigation = Drainage + ET  

EAA CANALS:  Lake and C-139 In + Drainage + WCA Seepage = Irrigation + Pump Out + 
Canal Leakage   

EAA BASIN:  Lake and C-139 In + Rainfall + WCA Seepage = ET + Pump Out +/- Storage 
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SFWMD has accurate records of Lake Okeechobee inflows, major SFWMD structure outflows, 
and rainfall.  The District has measurements of C-139 inflows, but these inflows are not 
measured as accurately as the major SFWMD structure outflows, and the farmers provide reports 
of drainage inflows to the SFWMD canals.  

In order to obtain a better understanding of the EAA hydrologic budget, the measured data (the 
knowns) were analyzed and the unknowns estimated under the assumption that the change in 
storage is zero for the period analyzed and inflows equal outflows.    

Drainage from EAA farms is reported as a condition of each permit issued under Rule 40E-63 to 
document mass loading of SFWMD canals, and is available as a comprehensive database from 
SFWMD.  This database contains daily rainfall and flows for each permit holder (the 40E-63 
permit database).  An annual water balance calculated for all EAA Farms contained in the 40E-
63 database and results are presented in Table 2.6.1.  The rain, drainage, and ET values are 
relatively accurate.  The canal seepage and irrigation amounts are estimated.  Canal seepage has 
been estimated to be 14-19 inches/year for this analysis and is consistent with irrigation rates 
calculated using flows from major SFWMD pump stations during conditions when inflows to the 
EAA are very low.  One can question the seepage values or the irrigation values, but Table 2.6.1 
indicated that very large changes would be required in rainfall, ET, and/or drainage to make the 
sum of seepage and irrigation to be less than approximately 23 inches/year.   

Table 2.6.1  Farm Budget, inches/yr 

Year Rain

 

Estimated Canal 
Seepage 

Irrigation

 

40E-63 
Drainage 

Evapotranspiration

 

Inflows - 
Outflows 

1995

 

58 16.7 6 40.49 40.2 0.01 
1996

 

47 15.2 6 27.60 40.6 0.00 
1997

 

48 19.1 6 32.42 40.7 -0.02 
1998

 

53 14.1 6 33.80 39.3 0.00 
1999

 

51 17.6 6 34.76 39.9 -0.06 
2000

 

41 19.0 6 25.07 41 -0.07 
2001

 

43 18.8 6 28.79 39 0.01 
Sources of Data:  rainfall – SFWMD file used in MIKE SHE model, Est. Canal Seepage and Inflows-Outflows – 
computed from EAA Farm Budget equation, Irrigation – Typical Rate, 40E-63 Drainage – from SFWMD database  

In order to better understand the water budget of the entire EAA, an analysis was conducted of 
40E-63 permit flows during periods of both low and high rainfall.  Table 2.6.2 presents a water 
balance for the EAA farms during a period of wet weather when irrigation is expected to be low 
and drainage to be high.  The analysis indicates that there is little difference between calculated 
farm drainage and the permit database during these wet weather conditions (Figure B.2.3.22).   
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Table 2.6.2 Water Balance for EAA SFWMD Canals in 1998 to Isolate Pumpage (inches/month) 

Month

 
Pump 

In 

Seepage 
to 

Canals 
Inflows

 
Outflows

 
Irriga-
tion 

Canal 
Leakage

 
Calc. 
Farm 

Drainage

 
Permit 

Database

 
Inflows - 
Outflows

 
July 0.89 0.9 1.79 1.61 1.2 1.17 2.19 2.00 -0.18 
Aug 0.12 0.9 1.02 2.78 0.5 1.17 3.42 3.10 -0.32 
Sept 0.11 0.9 1.01 5.48  1.17 5.64 6.04 0.40 
Oct 0.97 0.9 1.87 1.11 1.0 1.17 1.41 1.05 -0.36 
Nov -1.01 0.9 -0.11 7.29  1.17 8.57 8.81 0.24 

Sources of Data:  Pump In – Measured inflows to EAA, Seepage to Canals – computed in Table 2.6.1, Inflows – 
Previous two columns, Outflows – Measured outflows from EAA, Irrigation – calculated by EAA Farm Equation, 
Canal Leakage – computed in this table from EAA Canal Equation, Calc. Farm Drainage – from SFWMD database   

EAA SFWMD Canal Water Balance - 1998 Measured Data
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Figure B.2.3.22 EAA SFWMD Canal Water Balance  

The analysis presented in Table 2.6.1 and Table 2.6.2 indicates that seepage from Lake 
Okeechobee and the WCAs (Seepage to Canals) and canal leakage into the farms are comparable 
to farm drainage rates in the 40E-63 permit database.  Thus, mass balance analysis at both the 
farm-scale and the canal-scale support the drainage flows found in the 40E-63 permit database 
and these data can be used to calibrate simulated drainage values in the EAA Subregional Model.  

B.2.3.3 FIELD OBSERVATIONS 
Field observations in the EAA Basin consist of several types of data. The main calibration data 
comprise canal flows and stages at a number of gaging stations and a number of monitored 
groundwater levels in both the shallow and deep aquifers.   
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B.2.3.3.1 Selection of surface water observations 

Stage and discharge data is available for the gages shown on            

Figure B.2.3.23 and Figure B.2.3.24. Canal stages at S3_H, Miami.15, S8_H, BLSW, S2_H, 
NNCR.SFS, S7_H, BLSE, HILLS.6MI, S6_H, S5AX_H, S-352_H, S5A_H have been selected 
as calibration points because they monitor stages in the major canals in the EAA and are not 
controlled by specified head boundary conditions.  Stages at ROTT.N, ROTT.S, HOLEY1, 
HOLEY2, 3A-NW-B, 3A-NE-B, CA2a-159, and I7 are used as overland flow plane calibration 
points in Rotenberger Tract, Holey Land, and the WCAs.  

Observed discharges at L3BRS_O, G88_C, G155_W, S3, S8, S2, S7, S6, S352_S, and S5A have 
been selected as calibration points because they monitor all major inflows and outflows from the 
EAA.    

A number of qualitative stage and discharge calibration points are evaluated for the STAs and 
are listed in Attachment 2.3.1.  
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Figure B.2.3.23 Location of stage gages with available data in the simulation period. 

   



HYDRAULICS  Hydrologic Model Calibration and Verification                              

  

EAA Storage Reservoirs – Phase 1 -32- January 2004  

Figure B.2.3.24 Location of flow gages with available data in the simulation period. 
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Figure B.2.3.24a – Description of Monitoring Stations and Configuration of Canal L-3 at the 
Junction with Deerfence Canal 
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Figure B.2.3.24b – Location of G-88, G-89, G-155, and G-607 
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Figure B.2.3.24c – Location of Gap or Breach in L-4 East of G-88 and West of S-8  

B.2.3.3.2 Selection of groundwater observations 

Because the numerical model is a distributed model, it is important to have a good spatial 
distribution of groundwater calibration data. Typically high-density groundwater data is 
available for areas that have been the subject of previous investigations. To get a reasonable 
spatial distribution, all of the available groundwater data has not been used for calibration of 
groundwater parameters.  In areas with abundant data (e.g., STA-1W), groundwater data was 
selected based on its location, period of record, and the variability present in the observed 
dataset.   

Groundwater observations consisted of 69 records of monitored potential head in the study area.  
There are 49 well records for the surficial aquifer, nine in layer 2 (Intermediate Okeechobee 
calculation layer), and eight in layer 3, the Lower Tamiami Aquifer.  The wells generally cover 
the EAA study area, however there are significant data gaps in certain areas.  In addition, there 
were very few observations of aquifer levels in the Lower Tamiami Aquifer prior to December, 
1997.  Layer 3 well PB 508 G is the only well with readings prior to December 1997, and it has 
no readings during the calibration and verification periods.  The remaining wells are in the 
Everglades Nutrient Removal (ENR) Project (now STA-1W), with readings starting in December 
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1997.  The number of wells and observations in the Lower Tamiami aquifer are insufficient for a 
detailed calibration.  The surficial aquifer wells constitute a good basis for the calibration for 
much of the EAA.  The best surficial aquifer data was provided by University of Florida’s 
Institute for Food and Agricultural Sciences (IFAS) for five monitored farms and data collected 
by SFWMD at the ENR Site (now referred to as STA-1W).  No observations were available at 
the far northeast corner of the model but this is acceptable because the primary focus in the study 
is related to potential activities in the central portion of the EAA.  High-quality groundwater data 
is also sparse in the southern portion of the model area.   

 

Figure B.2.3.25 EAA groundwater monitor well with data available for the calibration 
and/or validation periods  

B.2.3.3.3 Uncertainty of observation values used for calibration 

During the model calibration phase, it is important to consider the uncertainty associated with the 
observation data being used for calibration. Assessment of uncertainties is useful to estimate the 
confidence that should be placed on observation data and to determine the expected precision of 
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a numerical model. For example, if the uncertainty associated with a single observation point is 

2 feet, a model could be considered to be calibrated at the point if the mean error is less that 2 

feet because this is the accuracy associated with the data point.  

The uncertainty of using observation data in numerical modeling can be divided into the 
uncertainty associated with data collection and processing and the uncertainty associated with 
application of observation data in a numerical model.  Measurement and observation errors can 
often be eliminated by QA/QC of the observation data before using it as calibration data. In the 
present project, observation data has been thoroughly checked by both SFWMD and DHI and 
suspect observations have been disregarded in the calibration process.    

An uncertainty analysis has not been performed but could be done at a later stage to formally 
evaluate the uncertainty of the data used in calibration. General examples of the source of 
uncertainties in the collection and application surface water and groundwater data are discussed 
further below. 
   

B.2.3.3.3.1 Surface water stage and discharge uncertainties 

Collection of surface water stage data requires measurement of water depths and conversion to 
absolute elevations using a reference elevation. The process of collecting this data may include 
the following uncertainties:  

 

Measurement reading or conversion errors.  

 

Siltation of stilling wells, which may result in head losses within the stilling well. 

 

Reference elevation errors resulting from survey errors or changes in the reference 
elevation (gage damage during extreme events, etc.).  

The uncertainty of canal/river discharge measurements is typically low for velocity 
measurements, i.e., stream gaging in a well-defined cross-section. Discharge data estimated by 
use of a discharge-head (Q-H) rating curve will often have a greater uncertainty. The uncertainty 
will depend on the data used for defining the Q-H rating curve. Normally the majority of 
measurements will be in the “normal” range, which makes estimation of the discharge during 
extreme events more uncertain, as there are fewer data points to support the Q-H relationship.  

B.2.3.3.3.2 Groundwater level observation uncertainties 

Typically, collecting groundwater elevation data entails measuring the depth to groundwater and 
conversion to groundwater elevation using a reference topographic elevation. The process of 
collecting this data may include the following uncertainties: 
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Measurement reading or conversion errors.  

 
Clogging of the well screen, which may result in a head difference between the well and 
the surrounding aquifer. 

 
Reference elevation errors resulting from survey errors or changes in the reference 
elevation (subsidence, well damage, etc.). 

B.2.3.3.3.3 Uncertainties resulting from use of observation data in numerical models 

In distributed numerical models, the study area is generally discretized in a finite number of 
calculation cells. This means that input data (hydraulic parameters, land use, etc.) are distributed 
to a calculation mesh that has a value for each model parameter. Discretization can introduce the 
following scale effects depending on the cell sizes used in the calculation mesh:  

 

Interpolation errors, if the observation points are not located at the center of the cell 
where the model parameters are assigned and dependent model values are calculated 
(e.g., hydraulic head). 

 

Topography variations. Because EAA Subregional Model uses a uniform cell size, 
variations in the topography within a cell area could introduce an uncertainty in simulated 
values because they are typically a function of elevations. 

 

Geological heterogeneity. Geological heterogeneity at a scale less than the calculation 
cell size is approximated using a single average value for the entire cell and head 
variations resulting from these heterogeneities may result in discretization related 
uncertainties. 

 

Surface water model discretization. The ability to simulate local variations in surface 
water stage or discharge is a function of the discretization used and the available 
geometric data available for a river/canal network.    

B.2.3.4 MODEL PARAMETERS 
The primary model parameters adjusted during calibration of the EAA Subregional Model are 
listed in Table 3.3.1. Although the number of parameters that can be adjusted in a physically-
based, distributed integrated surface water and groundwater are numerous, the parameters that 
were adjusted during calibration of the EAA Subregional Model were based on parameter 
sensitivities (e.g., drainage depths) and availability of observations (e.g., water level data) or 
physical parameter data (e.g., hydraulic conductivity data).  

Table 3.3.1 List of primary calibration parameters for EAA Subregional Model  



HYDRAULICS  Hydrologic Model Calibration and Verification                              

  

EAA Storage Reservoirs – Phase 1 -37- January 2004  

Model Component Model Parameters 

MIKE SHE SZ  
Saturated zone flow 

Horizontal hydraulic conductivity 
(Kh) 
Vertical hydraulic conductivity (Kv) 
Drainage time constant 
Drainage depth 

MIKE SHE ET  
Evapotranspiration 

Crop coefficient (Kc) 
Root depth 
LAI 

MIKE SHE OC  
Overland and canal flow 
(MIKE11) 

Overland Manning value (
M

n
1

 ) 

River leakage coefficient (L) 
Canal Manning value (n) 

MIKE SHE IRR  
Irrigation module 

Irrigation on/off thresholds 
Canal water level thresholds 

  

Surface water and groundwater components are closely coupled in the EAA and there is a high 
degree of interdependency between the hydrological components of the system (i.e., changes in 
one parameter/hydrologic component may affect the response in a number of other hydrological 
components).   A brief discussion of each of the model components and their effect on model 
response is given below.  This discussion is very general and is only meant to give an overview 
of the effect modifying primary calibration parameters.  

The evapotranspiration parameters of the Kristensen and Jensen model used in MIKE SHE affect 
evaporation from interception storage, evaporation from ponded storage, direct soil evaporation, 
transpiration from the soil zone, and evaporation from groundwater. The main calibration 
evapotranspiration parameters are the vegetation parameters (LAI and root depth), and the crop 
coefficient, which both affect the total amount and temporal distribution of evapotranspiration.  

Overland and canal flow rates are directly affected by surface and canal roughness coefficients.  
These parameters typically modify peak water levels, surface runoff into the surface water 
network, and can modify canal-aquifer exchanges by modifying the residence time of water on 
the overland flow plane or in the canal system. The leakage coefficient of the river/canal lining 
directly controls the rate and volume of canal-aquifer exchanges.   

Soil properties in the unsaturated zone, including saturated hydraulic conductivities and soil 
moisture parameters, affect the retention curve and unsaturated hydraulic conductivity.  Because 
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the physical parameters of the unsaturated zone control water movement through the unsaturated 
zone and water content in the unsaturated zone, these parameters also influence 
evapotranspiration rates, groundwater recharge, surficial groundwater levels, canal-aquifer 
exchange, and irrigation when it is controlled by soil moisture conditions.    

Irrigation can affect canal water levels if the surface water system is a source of supplemental 
water.  Irrigation start and stop thresholds, irrigation capacities, and the location where irrigation 
water is removed from the surface water system can have local and regional impacts.  
Furthermore, specified water level cutoffs for irrigation sources can also affect canal water 
levels.  

Saturated zone hydraulic parameters, including hydraulic conductivity and storage coefficients, 
primarily affect groundwater levels and water level dynamics. These parameters, however, also 
impact saturated zone drainage flow to canals, canal-aquifer exchange, and overland flow plane 
stages in flooded areas of the EAA Subregional Model.   

The following sections discuss the primary parameters adjusted during calibration of the EAA 
Subregional Model.  

B.2.3.4.1.1 Hydraulic conductivity  

The main groundwater calibration parameter for the groundwater levels is the hydraulic 
conductivity of hydrogeologic units. Calibrated horizontal conductivities for the entire water 
table aquifer were available for the SFWMM developed by SFWMD. Data was available from 
STA-1W and WCA-2A (Harvey et al., 2000), STA-2 (Brown and Caldwell, 1996), STA-3/4 
(Montgomery Watson, 1999), STA-5 (Montgomery Watson, 1997a), STA-6 (Montgomery 
Watson, 1997b).  Several USGS studies also presented hydrogeologic data for the upper (Ft. 
Thompson/Okeechobee formations) and lower portions (Tamiami aquifer) of the Water Table 
aquifer in the southern portions of the EAA (Fish, 1988; Reese and Cunningham, 2000).  A 
general description of the calibrated hydraulic conductivities for the geologic units is presented 
below.  

Muck Soils 

The horizontal hydraulic conductivity of the muck soils are based on soil properties in the soil 
database used by the unsaturated zone module and are presented in Figure B.2.3.26.  These 
values were not modified during calibration and are within the range of hydraulic conductivities 
for these types of geologic materials.  A horizontal to vertical hydraulic conductivity (Kh/Kv)  
ratio of one was used for muck and horizontally equivalent sands (Kh < 20 ft/day). 
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Figure B.2.3.26 Calibrated horizontal muck hydraulic conductivities (ft/day)  

Caprock 

The horizontal hydraulic conductivity of the caprock and horizontally equivalent sands was 
based on typical values for these types of geologic materials and are presented in Figure 
B.2.3.27.  Caprock values in the vicinity of STA-1W and WCA-2A were modified based on data 
in Harvey et al., (2000) and reflect the sandy nature of materials in this area.  High conductivities 
were used in the Holey Land to reflect the higher permeability of limestone conductivities above 
the low permeability Holey Land formation (S. Lamb, pers. comm. 2003).  Caprock hydraulic 
conductivities were not modified during calibration in the remainder of the EAA.  A Kh/Kv ratio 
of 1 was used for caprock and horizontally equivalent sands (Kh < 20 ft/day).   
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Figure B.2.3.27  Horizontal hydraulic conductivity of the caprock or horizontally 
equivalent aquifer materials (ft/day)  

Upper Okeechobee formation 

The horizontal hydraulic conductivity of the upper Okeechobee formation is presented in Figure 
B.2.3.28.  Horizontal hydraulic conductivity values in the vicinity of STA-1W and WCA-2A 
were modified based on data in Harvey et al., (2000) and reflect the sandy nature of materials in 
this area.  The zonation used in STA-1W and WCA-2A is based on the hydraulic conductivity 
zonation used in the SFWMM and provided by SFWMD staff. Horizontal hydraulic 
conductivities used in STA-2, STA-3/4, STA-5, and STA-6 are based on values from the STA 
design projects (Brown and Caldwell, 1996; Montgomery Watson, 1997a, 1997b, 1999). A low 
horizontal hydraulic conductivity zone was used in the Holey Land to represent the low-
permeability Holey Land formation, which separates shallow sediments from the lower 
Okeechobee sediments (S. Lamb, pers. comm. 2003).  The horizontal hydraulic conductivity of 
the Holey Land formation was set to values one order of magnitude less than values used within 
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the center of the EAA.  Horizontal hydraulic conductivities in the center of the EAA were based 
on data in Fish (1988) and were not modified during calibration because no calibration data was 
available for these areas.    

 

Figure B.2.3.28  Horizontal hydraulic conductivity of the upper Okeechobee formation 
(ft/day)  

The Kh/Kv ratio of the upper Okeechobee formation is shown on Figure B.2.3.29.  The Kh/Kv 

ratio in the STAs and WCA-2A are based on data from the USGS (Harvey et al., 2000) and the 
STA design projects (Brown and Caldwell, 1996; Montgomery Watson, 1997a, 1997b, 1999).  
Kh/Kv ratios were not modified during calibration from initial values.  
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Figure B.2.3.29  Horizontal to vertical hydraulic conductivity ratio of the upper 
Okeechobee formation  

Lower Okeechobee formation 

The horizontal hydraulic conductivity of the lower Okeechobee formation is presented in Figure 
B.2.3.30.  Horizontal hydraulic conductivity values in the vicinity of STA-1W and WCA-2A 
were modified based on data in Harvey et al., (2000) and reflect the sandy nature of materials in 
this area.  The zonation used in STA-1W and WCA-2A is based on the hydraulic conductivity 
zonation used in the SFWMM and provided by SFWMD staff. Horizontal hydraulic 
conductivities used in STA-2, STA-3/4, STA-5, and STA-6 were based on values used in STA 
design projects (Brown and Caldwell, 1996; Montgomery Watson, 1997a, 1997b, 1999). 
Hydraulic conductivities in the center of the EAA were based on data in Fish (1988) and were 
not modified during calibration because no calibration data was available for these areas.  
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Figure B.2.3.30 Horizontal hydraulic conductivity of the lower Okeechobee formation 
(ft/day) 

The Kh/Kv ratio of the lower Okeechobee formation is shown on Figure B.2.3.31.  The Kh/Kv 
ratio in the STAs and WCA-2A are based on data from the USGS (Harvey et al., 2000) and the 
STA design projects (Brown and Caldwell, 1996; Montgomery Watson, 1997a, 1997b, 1999).  
The Kh/Kv ratio was not modified during calibration from initial values.  
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Figure B.2.3.31  Horizontal to vertical hydraulic conductivity ratio of the lower 
Okeechobee formation  

Tamiami aquifer 

The Tamiami aquifer is present in the entire EAA Subregional Model area and has an average 
thickness of approximately 100 ft in the study area (Figure B.2.3.32). The thickness varies from 
approximately 25 ft in the southeast corner of the model to approximately 175 ft in the northeast 
corner of the model.  

The aquifer generally is composed of gray, shelly, lightly to moderately cemented limestone with 
abundant shell fragments or carbonate sand, abundant skeleletal moldic porosity, and minor 
quartz sand (Reese and Cunningham, 2000). Horizontal hydraulic conductivity values 
determined from aquifer performance tests and core analyses range from 200 to 12,000 feet per 
day and generally increase from east to west (Reese and Cunningham, 2000).  
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Figure B.2.3.32 Thickness of Tamiami aquifer (ft) and the location of groundwater 
monitor wells.   

Calibration of Tamiami aquifer horizontal hydraulic conductivities has been limited by sparse 
observation data in the aquifer within the calibration period. A total of 10 observation monitor 
wells measurement stations have been used to calibrate Tamiami aquifer hydraulic 
conductivities.  Only four of these monitor wells, however, have more than one observation 
within the calibration and validation period.   

To supplement the observation points, a potentiometric surface map developed for the Tamiami 
aquifer by USGS was used as a guide for general flow patterns in the aquifer and calibration of 
hydraulic conductivities (Figure B.2.3.35).  Based on data collected on September 29, 1998 the 
general flow pattern is from west to east in the western portions of the study area or southwest to 
northeast in the southern portions of the study area.  The potentiometric surface was not mapped 
by the USGS in the central and northern portions of the study area. 
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Specific conductance data collected in the Tamiami aquifer suggests that recharge from the 
overlying Okeechobee formation is low in the central and southeastern portions of the study area 
(Reese and Cunningham, 2000).  An area of low specific conductance was observed in the 
southwestern corner of the study area but may reflect lateral flow from the major recharge areas 
for the Tamiami aquifer in central and southern Hendry County.  High specific conductance data 
are generally consistent with low vertical permeabilities of overlying confining sediments and 
low vertical fluxes.   

Because specific conductance data suggests that there is little vertical exchange between the 
Tamiami aquifer and overlying aquifers, calibration of the Tamiami aquifer focused on 
modification of horizontal hydraulic conductivities and the boundary conditions elevations.  
Boundary conditions were modified during calibration of the Tamiami because they are the 
dominant factor controlling base water level elevations in the aquifer (because of low exchange 
with overlying units) and the data available for development of boundary conditions for the 
Tamiami aquifer are sparse.  Modification of the boundary conditions is discussed further in 
Section B.2.3.4.1.2.  

The horizontal hydraulic conductivities used in the EAA Subregional Model are shown in Figure 
B.2.3.33.  Values used in the Tamiami aquifer range from 60 to 900 ft/day and are within 
reported ranges (Reese and Cunningham, 2000). The horizontal hydraulic conductivity zonation 
was derived from the hydraulic conductivity zonation used in the SFWMM, near STA-1W and 
WCA-2A, and aquifer data from Reese and Cunningham (2000) in the southern portions of the 
model.  Theissen polygons based on the point data in Reese and Cunningham were used to 
define the hydraulic conductivity zones in the southern part of the model and can be seen on 
Figure B.2.3.33.    
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Figure B.2.3.33 Horizontal hydraulic conductivity of the Tamiami aquifer (ft/day)  

The vertical hydraulic conductivity of the Tamiami aquifer is shown on Figure B.2.3.34.  
Vertical hydraulic conductivities of the Tamiami aquifer in the southern and western parts of the 
model were based on confining unit thicknesses and leakance values derived from aquifer 
performance tests (Reese and Cunningham, 2000).  Theissen polygons based on the point data in 
Reese and Cunningham (2000) were used to define the vertical hydraulic conductivity zones in 
the southern and western part of the model and are shown on Figure B.2.3.34. The vertical 
hydraulic conductivity in the STA-1W and WCA-2A are based on data from the USGS (Harvey 
et al., 2000) and the zonation was derived from the zonation used in the SFWMM and provided 
by SFWMD staff.   
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Figure B.2.3.34  Vertical hydraulic conductivity of the Tamiami aquifer (ft/day)   

B.2.3.4.1.2 Saturated Zone boundary conditions 

Initial boundary conditions for the Tamiami aquifer were developed using a sparse dataset of 
water level data, head differences between the upper and lower portions of the Water Table 
aquifer, and SFWMM results.  During calibration of the EAA Subregional Model, a significant 
amount of effort was spent trying to calibrate hydraulic conductivities of the Tamiami aquifer 
with the initial boundary conditions.  The only way a correspondence between simulated and 
observed water levels could be achieved was through use of hydraulic conductivities that were 
outside of the expected range of the Tamiami aquifer in the vicinity of the EAA.  As a result, 
boundary conditions for the Tamiami aquifer along the western, southern, and eastern model 
boundaries were adjusted.   
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The configuration of the potentiometric surface of the Tamiami aquifer on September 29, 1998 
(Reese and Cunningham, 2000) was also used to guide modifications of SFWMM results for 
model layer 3 (Figure B.2.3.35).  The potentiometric surface shown on Figure B.2.3.35 was used 
to determine offsets for SFWMM results (offset = observed water levels – simulated SFWMM 
water levels) and calculated offsets were considered to be appropriate for the entire simulation 
period.  Because the potentiometric surface is based on a sparse dataset, offsets were determined 
for blocks of cells, rather than for each SFWMM cell, and each block of cells was adjusted based 
on the calculated offset for the block.    

 

Figure B.2.3.35.  Tamiami Aquifer (Gray Limestone) potentiometric surface for September 
29, 1988 (from Reese and Cunningham, 2000).  Blue lines represent the potentiometric surface 
defined by the available water level data (closed red circles and triangles with filled circles) and 
the dashed red line represents the extent of the Tamiami Aquifer (Gray Limestone).  

Boundary conditions in model layers 1 and 2 were not adjusted during calibration of the EAA 
Subregional Model.  

B.2.3.4.1.3 Drainage depth and drainage time constant 

Because drainage flows in the EAA are significant, the set up of the drainage system is crucial 
for discharges and stages in the canals. The drain system is located in the saturated zone, and 
drain flow only occurs when the saturated zone elevation is above a defined drain elevation. 
Drain flow is calculated as the head difference between the drain elevation and the head 
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elevation multiplied with a drain constant. The drain constant is used to control how fast the 
specific area should be drained. Drain areas, depths and drain constants have thus been subject to 
changes in the model during calibration, both in order to obtain correct water levels in the upper 
aquifer and to match reported farm drainage (EAA 40E-63 permit discharge database).  

In the case of the EAA Subregional Model, the drain level represents the level required to 
maintain simulated aquifer levels within farm management levels and achieve a reasonable 
match with reported farm drainage amounts.  Because many of the internal farm canals are cut 
into, and in some cases below, the caprock, calibrated drainage levels are below the bottom of 
the muck soils in many cases.  

The drainage levels used in the EAA Subregional Model are shown in Figure B.2.3.36. To 
simulate higher groundwater levels below the main canals (river/canal link cells), in order to 
better represent the leakage out of the canals, the drainage level is defined one foot above the 
surface. At calculation cells adjacent to river/canal link cells drainage levels were interpolated 
from the values used in river/canal link cells and internal sub-basin values  

 

Figure B.2.3.36 Drainage depths used in the EAA Subregional Model [ft] 
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The drainage time constant controls the retention time in the drainage system. A large drainage 
time constant results in rapid responses in the groundwater system and higher peaks and steep 
recessions in canal hydrographs. A small drainage time constant results in slow groundwater 
responses, smaller peaks and extended recessions in canal hydrographs.  Calibrated drainage 
time constants are shown in Figure B.2.3.37.   

 

Figure B.2.3.37 Drainage time constants used in the EAA Subregional Model [day]  

Most drainage time constants in the EAA Subregional Model are less than 20 days, and in most 
of the agricultural areas in the EAA it is approximately 15 days.  The drainage time constant was 
modified significantly during calibration.  The drainage time constant was varied from a low of 
one to five days to a high of over 30 days.   

B.2.3.4.1.4 River leakage coefficient  

The model calculates the canal-aquifer exchanges using a leakage coefficient and the simulated 
head gradient between the canal and the aquifer.  Depending on the sign of the head gradient, 
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exchanges can be from the aquifer to the canal or from the canal to the aquifer. The leakage 
values [1/s] used for the main canals in the EAA Subregional Model are shown on Table 3.3.2.  
Initially, leakage coefficients were based on average canal seepage rates contained in the 
Preliminary Seepage Considerations Report (SFWMD Consultant Task 4.1.6) but were modified 
during calibration to improve exchange between the aquifer and the canals during periods of low 
canal stages.  

Table 3.3.2 Leakage values used for the main canals 

Canal

Seepage 
Study 

Seepage 
Coefficients 
Estimates

(cfs / mile ft)

Hydraulic 

Conductivity1 

(ft / day)

Assummed 
Average 
Wetted 

Perimeter 
(ft)

Minimum 
Leakage 

Coefficient 

(sec-1)

Maximum 
Leakage 

Coefficient 

(sec-1)

Minimum 
Seepage 

Coefficient 
(cfs / mile ft)

Maximum 
Seepage 

Coefficient 
(cfs / mile ft)

MIKE11-
MIKE SHE 
Exchange 

Type

Bolles Canal 3.0 - 4.0 75 1.0E-04 1.0E-04 40 40 Reduced (b)
Bolles Canal - Privately Maintained 3.0 - 4.0 ~ 90 50 1.0E-05 1.0E-05 1.8 1.8 Reduced (a)
Cross Canal 1.0 - 2.5 75 1.0E-04 1.0E-04 40 40 Reduced (b)
Cross Canal - Privately Maintained 1.0 - 2.5 ~ 90 50 1.0E-05 1.0E-05 1.8 1.8 Reduced (a)
Hillsboro Canal 1.0 - 3.0 100 1.0E-04 1.0E-04 53 53 Reduced (b)
Hillsboro Canal - Privately Maintained 1.0 - 3.0 ~ 90 50 1.0E-05 1.0E-05 1.8 1.8 Reduced (a)
Miami Canal 1.0 - 3.0 100 1.0E-05 1.0E-04 5.3 53 Reduced (b)
Miami Canal - Privately Maintained 1.0 - 3.0 ~ 90 50 1.0E-05 1.0E-05 1.8 1.8 Reduced (a)
NNR Canal 1.0 - 4.0 100 1.0E-05 1.0E-04 5.3 53 Reduced (b)
NNR Canal - Privately Maintained 1.0 - 4.0 ~ 90 50 1.0E-05 1.0E-05 1.8 1.8 Reduced (a)
Ocean Canal 1.5 - 2.5 100 1.5E-05 1.5E-05 8.0 8.0 Reduced (b)
Ocean Canal - Privately Maintained 1.5 - 2.5 ~ 90 50 1.0E-05 1.0E-05 1.8 1.8 Reduced (a)
West Palm Beach Canal 1.0 - 2.5 100 1.0E-04 1.0E-04 53 53 Reduced (b)
West Palm Beach Canal - Privately Maintained 1.0 - 2.5 ~ 90 50 1.0E-05 1.0E-05 1.8 1.8 Reduced (a)
L-1 1.0 - 1.5 ~ 110 85 1.0E-05 1.0E-05 2.7 2.7 Reduced (a)
L-1 East 1.0 - 1.5 85 9.5E-06 9.5E-06 4.3 4.3 Reduced (b)
L-2 1.0 - 1.5 85 9.5E-06 9.5E-06 4.3 4.3 Reduced (b)
L-2 west 1.0 - 1.5 ~ 120 85 1.0E-05 1.0E-05 2.8 2.8 Reduced (a)
L-3 1.5 - 2.0 100 1.3E-05 1.3E-05 7.0 7.0 Reduced (b)
L-4 1.5 - 2.0 100 9.5E-06 1.3E-05 5.0 7.0 Reduced (b)
L-5 2.0 - 3.0 100 9.5E-06 1.3E-05 5.0 7.0 Reduced (b)
L-6 3.0 - 4.0 100 4.7E-06 1.3E-05 2.5 7.0 Reduced (b)
L-7 1.5 - 3.0 ~ 15 - 65 100 NU NU 0.9 4.0 Full Contact
L-8 1.0 - 2.5 100 4.7E-06 7.6E-06 2.5 4.0 Reduced (b)
L-8 Tieback NA 75 4.7E-06 4.7E-06 1.9 1.9 Reduced (b)
L-26 1.0 - 1.5 ~ 100 85 1.0E-05 1.0E-05 2.6 2.6 Reduced (a)
L-28 1.5 - 2.0 ~ 100 85 1.0E-06 1.0E-06 0.42 0.42 Reduced (a)
Deerfence Canal NA ~ 70 85 1.0E-05 1.0E-05 2.2 2.2 Reduced (a)
RWMA 1.5 - 3.0 ~ 100 100 1.0E-05 1.0E-05 2.8 2.8 Reduced (a)
Holeyland 2.0 - 3.0 100 9.5E-06 1.0E-05 5.0 5.3 Reduced (b)
STA1w 1.5 - 2.5 ~ 5 - 80 100 1.0E-05 1.0E-05 0.3 2.5 Reduced (a)
STA2 3.0 - 4.0 ~ 250 100 1.0E-05 1.0E-05 3.9 3.9 Reduced (a)
STA5 1.5 - 2.0 ~ 70 100 1.0E-05 1.0E-05 2.4 2.4 Reduced (a)
STA6 1.5 - 2.0 ~ 70 100 1.0E-05 1.0E-05 2.4 2.4 Reduced (a)
WCA 2A NA ~ 150 100 1.0E-05 1.0E-05 3.4 3.4 Reduced (a)
WCA 3A NA 100 9.5E-06 9.5E-06 5.0 5.0 Reduced (b)
WCA3A_S150 NA 100 1.3E-05 1.3E-05 7.0 7.0 Reduced (b)
Notes
  NA - Not available
  NU - Not used in calculation of river bed conductance for Full Contact MIKE 11 - MIKE SHE Exchange Type
  Blue - modified during calibration
  1 Average hydraulic conductivity used for seepage calculations for Full Contact and Reduced (a) MIKE 11 - MIKE SHE Exchange Types

 

B.2.3.4.1.5 Surface roughness 

The roughness coefficient, Manning's n, for floodplains and the soil surface affects stages locally 
when water is ponded on the land surface, such as the Water Conservation Areas.  Initial surface 
roughness values were derived from the land use-based values used in the SFWMM (SFWMD, 
1999).  The SFWMM implements an overland water depth dependent Manning’s n relationship 
for many land use types in the EAA Subregional Model area (e.g., sawgrass) whereas MIKE 
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SHE uses a constant overland Manning’s n.  For those land use types that have overland water 
depth-dependent Manning’s n values in the SFWMM, average water depths were used with 
equations used by the SFWMM (SFWMD, 1999) to calculate initial Manning’s n values (Table 
3.3.3).  An average water depth of 0.25 ft and 0.5 ft were used for the STAs and all Water 
Conservation Areas, respectively.  

Table 3.3.3  Initial Overland Manning’s values used in the EAA Subregional Model 

0.5 0.25

Land Use Land Use Code n n
Sawgrass plain 7 1.893 3.228
Mixed sawgrass/cattail 1.893 3.228
Modified ridge and slough 1.236 2.108
Sugarcane 9 0.225 0.225
Shrubland 10 2.643 4.507
Forested uplands 4 & 5 0.850 0.850
Forested wetlands 0.264 0.451
Urban 3 0.200 0.200
Citrus 6 0.225 0.225
STAs 2.302 3.926
Grass 1 0.200 0.200
Water 2 0.010 0.010
Truck crops 8 0.225 0.225
Equation from 2x2 primer v3.5 (SFWMD, 1999)

water level, ft

  

Because observation data was only available in the Holey Land, the Rotenberger Tract, and the 
Water Conservation Areas, sawgrass was the only land use type that was modified from initial 
surface roughness values.  Calibrated Manning’s n values from Lee and Guardo (1997) were 
used in STA-1W (ENR).  Manning’s n values used in the calibrated EAA Subregional Model are 
shown in Figure B.2.3.38.  The values shown in Figure B.2.3.38 were calculated from a SFWMD 
equation relating Manning’s n to depth and vegetation type.  These values were not modified 
significantly during calibration, however some additional sensitivity testing and possible 
modifications could be warranted.  
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Figure B.2.3.38 Overland Manning’s n values used in the calibrated EAA Subregional 
Model  

B.2.3.4.1.6 Evapotranspiration and irrigation parameters  

Evapotranspiration and irrigation constitute a significant portion of the water budget and required 
some adjustment during model calibration.  Initial estimates of crop coefficients were derived 
from SFWMM data provided by SFWMD staff.  Initial estimates of Leaf Area Index (LAI) and 
root depths were derived from existing MIKE SHE models.  The initial LAI and root depth 
estimates for sugar cane were modified during calibration in an effort to account for typical crop 
rotation practices, sugar cane planting and harvesting seasons in the EAA, and muck thicknesses.  
A single temporal distribution of LAI was used for the  sugar cane areas of the EAA but could be 
refined if more specific information on farming practices by individual farms or groups of farms 
were gathered and additional detail was determined to be necessary.  Sugar cane areas were 
classified into two vegetation classification groups based on the muck thickness, as this was 
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assumed to be the maximum root depth. One group was assigned a maximum root depth of one 
foot, and the second group was assigned a maximum root depth of two feet.  

During calibration, crop coefficients were the primary evapotranspiration parameters that 
wereadjusted.  Because the methods used to calculate evapotranspiration in the EAA Subregional 
Model and the SFWMM are different, crop coefficients were initially adjusted using a global 
multiplier for all vegetation types to get total evapotranspiration from the model area to be within 
reasonable ranges.  Crop coefficients of sawgrass marsh area were adjusted further based on 
quantitative data available in a USGS study of the Everglades (German, 2000).  Sugar cane crop 
coefficients were also adjusted further to get simulated evapotranspiration rates to be consistent 
with SFWMD estimates of 35-37 inches per year.  Vegetation parameters for the primary 
vegetation types in the EAA Subregional Model are presented in Table 3.3.4.  

Irrigation demand areas used in the EAA Subregional Model were based on the GIS coverage of 
permitted farm units in the EAA.  Irrigation canal sources and pump capacities were based on the 
location and size of permitted drainage pumps. Irrigation start and stop criteria were adjusted 
during calibration in order to simulate irrigation rates within expected ranges.  Soil moisture data 
and/or data relating soil moisture data to supplemental water use in the EAA were not available, 
so the irrigation start and stop criteria were adjusted to provide the right balance between 
simulated irrigation and drainage.  Field capacity was the soil moisture reference used to 
calculate soil moisture deficits and control initiation and termination of simulated irrigation 
activities (see Section B.2.3.2.4.1). The temporal distribution of irrigation start and stop criteria 
was based on seasonal weather trends and typical farming practices (e.g., timing of harvest 
season, etc.).  Irrigation start and stop criteria during the 2000-2001 drought (November 2000 to 
July 2001) were increased from values used in the calibration period to reflect the fact that 
supplemental water was more difficult to supply and farmers were forced to accept lower soil 
moisture conditions during this time than they would have normally accepted. Irrigation 
parameters for the primary vegetation types in the EAA Subregional Model are presented in 
Table 3.3.4.  Note that Kc is the crop coefficient, a widely used parameter.  Detailed explanations 
can be found in www.fao.org or any hydrology handbook.  

http://www.fao.org
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Table 3.3.4 Calibrated vegetation and irrigation parameters for sugar cane, sod, and sawgrass 

Sugar cane
End Month Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
LAI 2.700 2.230 1.750 1.280 2.150 2.690 2.360 3.040 3.960 4.550 4.800 4.380
RD (0-1ft) 0.984 0.984 0.984 0.984 0.984 0.984 0.984 0.984 0.984 0.984 0.984 0.984
RD (1-2ft) 2.000 2.001 2.001 1.936 2.001 2.001 2.001 2.001 2.001 2.001 2.001 2.001
Kc 0.680 0.680 0.600 0.470 0.680 0.910 0.850 0.990 0.990 0.990 0.750 0.710
Irrigation Deficit Start 0.2 0.2 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.2 0.2
Irrigation Deficit Stop 0.1 0.1 0 0 0 0 0 0 0 0 0.2 0.2
Kc (drought1) 0.600 0.510 0.450 0.350 0.510 0.680 0.640 -- -- -- 0.750 0.650

Irrigation Deficit Start (drought1) 0.3 0.3 0.2 0.2 0.2 0.2 0.2 -- -- -- 0.3 0.3
Irrigation Deficit Stop (drought1) 0.2 0.2 0.1 0.1 0.1 0.1 0.1 -- -- -- 0.3 0.3

Sod
End Month Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
LAI 1.000 1.000 1.500 2.000 3.000 3.375 3.750 4.125 4.500 4.500 2.750 1.000
RD 0.820 0.820 0.820 0.820 1.640 1.640 1.640 1.640 1.640 1.640 0.820 0.820
Kc 0.720 0.720 0.770 0.830 1.050 1.050 1.080 1.080 1.080 1.030 0.880 0.960
Irrigation Deficit Start 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1
Irrigation Deficit Stop 0 0 0 0 0 0 0 0 0 0 0 0
Kc (drought1) 0.540 0.540 0.580 0.620 0.790 0.790 0.790 -- -- -- 0.880 0.720

Irrigation Deficit Start (drought1) 0.2 0.2 0.2 0.2 0.2 0.2 0.2 -- -- -- 0.2 0.2
Irrigation Deficit Stop (drought1) 0.1 0.1 0.1 0.1 0.1 0.1 0.1 -- -- -- 0.1 0.1

Sawgrass
End Month Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
LAI 4.960 3.680 3.340 2.620 1.270 1.270 1.070 1.270 1.270 2.620 3.340 4.960
RD 5.249 5.020 4.987 4.856 4.626 4.626 4.593 4.626 4.626 4.856 4.987 5.249
Kc 0.910 0.910 0.880 0.920 0.960 0.980 0.990 1.000 1.060 1.060 0.970 0.950
Irrigation Deficit Start NI NI NI NI NI NI NI NI NI NI NI NI
Irrigation Deficit Stop NI NI NI NI NI NI NI NI NI NI NI NI
Kc (drought1) NC NC NC NC NC NC NC -- -- -- NI NI

Irrigation Deficit Start (drought1) NI NI NI NI NI NI NI -- -- -- NI NI
Irrigation Deficit Stop (drought1) NI NI NI NI NI NI NI -- -- -- NI NI

1    - drought conditions continued from November 2000 to July 2001
--   - not within dought period used for model
NC - no change during drought
NI - not irrigated
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B.2.3.5 CALIBRATION TARGETS  

The primary objective of the model study is to simulate canal flows, stages, groundwater levels 
and flood levels in the canals in close agreement with observed conditions in the watershed.  
Setting up predefined calibration targets, however can be difficult for a system as complicated as 
the EAA because the accuracy of the final model will depend on a number of factors, the most 
important being model limitations, adequacy of the established model (especially in representing 
farm drainage), and data uncertainties. For this specific model application the latter two are the 
most significant, i.e. model adequacy and data uncertainty.   

The adequacy of the model can, to some extent, be evaluated through long-term calibration and 
verification runs in which the model must demonstrate the capability of simulating trends, 
seasonal variations and short-term stress responses adequately.   

Despite the data uncertainty and possible limitations of the model, quantitative criteria were 
established as desired targets prior to the calibration. The calibration targets were perceived as 
guidelines rather than fixed calibration goals. Ultimately they were not all met for the final 
model. A qualitative evaluation was considered equally important and the model results were 
evaluated and verified based on general knowledge and a basic understanding of the area, 
especially with respect to water budgets and agricultural irrigation for which little information is 
available.  

Statistics evaluated during calibration included the Mean Error (ME), Mean Absolute Error 
(MAE), Root Mean Square Error (RMSE), Standard Deviation of the residual(STDRes), the 
correlation coefficient (R), and the Nash-Sutcliffe coefficient.  The Root Mean Square Error 
(RMSE), Root Mean Square(RMS), and the Nash-Sutcliffe coefficients are explained below:   

N

i

obsobs

N

i

simobs

N
XX

N
XX

RMS
RMSE

1

2 5.0

1

2 5.0 

Equation 5 Ratio of Root mean square error and the root mean square 

where 
RMSE = root mean square error, 
RMS = root mean square, 
N = number of observations, 
Xobs = observed  value, and 
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Xsim = simulated value  

RMS
RMSE.R  01 t Coefficien SutcliffeNash 2

 
Equation 6 Nash-Sutcliffe coefficient 

The Model Steering Committee recommended the use of RMSE/RMS for evaluating the 
calibration. The Nash-Sutcliffe coefficient can be readily related to the recommended 
RMSE/RMS statistic.  When model errors are less than observed system variability the Nash-
Sutcliffe coefficient is positive but less than one and RMSE/RMS is less than one.   When model 
errors are larger than observed system variability the Nash-Sutcliffe is negative and RMSE/RMS 
is greater than one.  

The calibration target with respect to discharge was to match accumulated farm drainage within 

 

10% and major EAA inflows and outflows to 10%. Gate openings and pump operations can 

deviate from the rules during droughts and floods.  Because the deviations can be significant, the 
major inflows and outflows were fixed as boundary conditions except in the case in which  
measured outflows exceeded the available storage capacity of SFWMD canals.  Using all major 
inflows and outflows as boundary conditions eliminates flow as a significant calibration 
parameter and permitted calibration activities to focus on important unknown or poorly known 
components (ET, drainage, and irrigation).Forcing the model to match inflows and outflows at 
all times, however, introduces some degree of potential error on factors such as drainage.  For 
example, if drainage is less than pumped outflows, stages of SFWMD canals will be inaccurate. 
The potential problem with use of measured inflows and outflows is discussed in detail in 
Section B.2.3.6.2.1.  

A Mean Error and Mean Absolute Error of 1 foot and two feet, respectively, were set as the 

calibration targets for canal stage, overland water depths, and groundwater levels.  When 
possible a correlation coefficient greater than 0.5 was used as a calibration target for canal 
stages, overland water depths, and groundwater levels.  When correlation coefficients were less 
than 0.5, a qualitative match of the timing of water level responses was used as a calibration 
objective.  Simulated stages within one foot of observed values is critical in order to have 
confidence that the model will be able to accurately simulate flooding in the EAA using a 
number of synthetic storm events.   
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B.2.3.6 CALIBRATION METHODOLOGY AND MAIN CALIBRATION 
PARAMETERS 

When defining a numerical model the purpose is to describe the very complex processes in 
nature by means of mathematical equations. The input to the numerical model is a physically-
based parameter dataset, based on field measurements (e.g., aquifer hydraulic conductivities) and 
material-, land use, and vegetation-based values available in the literature. The purpose of 
calibration is to achieve an acceptable agreement with measured data by adjusting the input 
parameters within an acceptable range, defined by field data or other sources. Because a 
physically-based, distributed integrated surface and groundwater model contains a large number 
of input data, the parameters that can be adjusted during the calibration is significant. Depending 
on the number of calibration parameters and the way the calibration is performed, there will 
always be a risk for over-parameterization. Over-parameterization may result in a model that 
corresponds closely to observed data, because of point calibration, but has limited predictive 
capabilities. In that case model parameters do not reflect actual parameters but are a non-unique 
combination of physically unrealistic parameters that do not respond correctly to various input 
parameters (e.g., rainfall).  Therefore, it is important to adjust the parameters within the 
acceptable range determined from available data sources and to minimize the number of 
parameters adjusted during calibration.  

The main objective of the EAA Subregional Model is to model canal flows, canal stages, 
groundwater levels, overland flow plane stages in major storage areas, and accurately simulate 
the total water budget for the EAA.    

B.2.3.6.1 Calibration methodology 

During the initial phase of model development and calibration, the Model Steering Committee 
agreed on a few revisions to the original calibration approach. The revised calibration approach 
is summarized below:    

 

The major flows in and out of the EAA (S-2, S-3, S-5A, S-6, S-7, and S-8 were initially 
modeled as control structures.  A control structure is a pump or gate that opens, closes, or 
pumps due to a set of pre-defined circumstances.  An example of this is to turn a pump on 
when the elevation reaches 10 feet and turn the pump off when the elevation drops to 
eight feet.  Because there are many documented circumstances in which  structure 
operations deviate from the SFWMD Structure Book, it was decided to use measured 
flows at these major structures.  
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The model would also use measured flows for the SFWMD structures at the boundaries 
of the EAA in the validation period rather than calculate flows based on structure 
operation rules.  If this test were successful, the calibration period would then be modeled 
using structure control routines to verify that the structure operations work in an 
acceptable manner at a later phase in the project.  

 

The Model Steering Committee recommended that the model should be run with an 
hourly time step for a number of wet weather events.  This test would verify that the 
calibrated model is suitable for design storm simulations and validate that parameters are 
sufficient for storm simulations and long-term simulations.   

B.2.3.6.2 Selected issues associated with calibration procedure 

It is generally desirable to set or fix as many model inputs as possible to minimize the number of 
parameters modified during calibration.  If uncertainties associated with the model inputs that are 
fixed for calibration are significant, however, it can be very difficult to calibrate the model.  In 
the case of the EAA Subregional Model, a number of potential issues associated with the input 
data used boundary conditions or input parameters that are discussed below.  

B.2.3.6.2.1 Uncertainty of inflow and outflow surface water data 

One of the major challenges with the EAA model has been to understand and conceptualize the 
coupled relationship between the flow and stage in major canals and interior farm flow and 
stages. As drainage, irrigation application, and canal leakage are parameters that have a 
significant effect on stages in the main canals, it is crucial to have a reasonable understanding of 
how they work and their influence. To ensure that these processes could be modeled in detail it 
was decided to constrain all the major inflow and outflow structures to use the observed flows. 
This ensures that the overall water balance for the EAA is constrained by the observed flows and 
that any discrepancies between simulated and observed values would show up and allow 
calibration of unconstrained parameters. Use of observed inflows and outflows, however, may 
make calibration difficult if significant error are present in the data and if there is temporal 
variability in the error.  Unless potential errors in the inflow and outflow data set are evaluated 
and used to guide calibration, unrealistic parameters may be required to compensate for errors.   

The uncertainty on discharge measurements typically depends on the method used, flow rates, 
and hydraulic gradients across control structures. Discharge estimates based on Q-H rating 
curves can often have significant uncertainties that are a function of the cross-section geometry 
and are generally only reliable within the range of stages used to develop the Q-H rating curve.  
Discharge measurements based on velocity calculation generally have lower uncertainties but are 
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still dependent on the cross-sectional area used to calculate discharges.  Generally, the 
uncertainty of discharge estimates is larger at high discharges.  

The flow data used at the inflow and outflow structures in the EAA are collected and reported by 
SFWMD and the USGS.  The uncertainties associated with these structures, as reported by the 
USGS (Price et al., 2000), are summarized in Table 6.2.1.  

Table 6.2.1  Uncertainties associated with discharge measurements used as boundary 
conditions for inflows and outflows from the EAA 

USGS Site Name
USGS Site 

Number
Stage 

Quality
Stage 

Uncertainty
Discharge 

Quality
Discharge 

Uncertainty
WPB Canal at S-352 at Canal Point 02278000 fair   

 

15

 

1 poor 15
Hillsboro Canal at S-6 Near Shawano 02281200 poor   

15
2 poor 15

North New River Canal at S-2 and S-351 Near South Bay 02283498 fair

 

15 poor 15
North New River Canal below S-351 near South Bay 02283500 poor 15 poor 15
North New River Canal at S-7 at Terrytown 02284300 poor 15 poor 15
Miami Canal at S-354 and S-3 at Lake Harbor 02286400 fair

 

15 poor 15
Miami Canal at S-8 near Lake Harbor 02286700 fair

 

15 poor 15

1
 - 95 percent of the values are within 15 percent of their true values

2
 - 95 percent of the values are not within 15 percent of their true values

  

A fair accuracy means that about 95% of the calculated values are within 15% of their observed 
value. A poor accuracy means that about 95% of the calculated values may not be within 15% of 
their observed value. This suggests that the uncertainty of about 95% of the inflow and outflow 
data may exceed 15%.  It also suggests that the EAA Subregional Model can be considered 
calibrated with respect to discharge if differences between simulated and observed values are 
less than 15%.  

Initially, all inflows and outflow at major SFWMD structures in the EAA were fixed.  Use of 
reported discharge values resulted in severe under-prediction of canal stages during periods when 
there was significant outflow from SFMWD structures at the south end of the EAA.  A number 
of parameter combinations were evaluated to minimize low canal stages and honor the reported 
discharge data but no defensible combination was found. As a result, the decision was made to 
honor reported inflow and outflow data except when these values resulted in canal stages were 
outside of the reasonable range observed at gage locations on the headwater side of SFWMD 
structures.  In this revised method of applying observed discharge data, discharge rates are set to 
zero ft3/s if canal stages are below a critical threshold value.  These critical threshold values were 
determined individually for each SFWMD structure and were based on analysis of the observed 
data. Critical threshold values were calculated as two-times the standard deviation subtracted 

from mean headwater stages ( 2hhc ) and should be appropriate because simulated 
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discharges will be honored for 97.5% of the observed data, as a minimum.  The resulting critical 
threshold values are 9.76 ft for S3, 9.52 ft for S8, 9.73 ft for S2, 9.46 for S7, and 9.05 for S6.  
Verification of the selected critical threshold values and the revised approach for use of observed 
discharges in the EAA Subregional Model are presented in Section B.2.3.7.  

B.2.3.6.2.2 Rainfall 

Rainfall in Florida is highly variable spatially and temporally and rain gage networks typically 
are not capable of capturing all of these variations. Although a spatially distributed rainfall 
dataset developed by SFWMD is used in the EAA Subregional Model, the dataset still contains 
the uncertainties associated with the ability of the rain gage network to capture spatial and 
temporal variations. Problems with the rainfall dataset may be manifested as simulation of peaks 
during times not coincident with observed peaks, over- or under-simulation of peaks during 
events, etc.  

Uncertainties in the rainfall data set have not been evaluated as part of this investigation.  
Nevertheless, rainfall uncertainties should be considered when the calibration and water budgets 
of the EAA Subregional Model are evaluated.  

B.2.3.6.2.3 Internal farm canal storage 

The total storage in the conceptual internal farm stub canals was estimated from infrared aerials 
and other GIS data.  Actual internal farm storage may be higher or lower than the estimated 
values.  The uncertainty associated with these estimates or its impact on model results has not 
been evaluated except at a very coarse level.  Errors in estimated internal farm storage would 
most likely affect the dynamics of the surface water system during times when there are 
supplemental water needs in the EAA.  Underestimation of internal storage would result in 
excessive dynamics whereas overestimation of internal storage would dampen surface water 
dynamics.  

Another uncertainty associated with the internal farm storage values used in the model is the fact 
that these values are constant throughout the calibration and verification periods.  Beginning in 
the mid-1990s, EAA farms made efforts to increase the storage capacity of the internal farm 
network to reduce the need to drain the farm canal network and reduce mass loading of SFWMD 
canals.  Although information about how internal storage has been increased in many farms may 
be available, this would be a difficult thing to implement in a numerical model.  

As with the rainfall dataset, although the uncertainty of internal farm storage has not been 
quantitatively assessed, storage issues should be considered when evaluating model calibration. 
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B.2.3.6.2.4 Topography 

In regard to simulating flood depths in areas within the EAA Subregional Model, the uncertainty 
of the topographic data will have a direct effect on simulated results and application of results 
relative to proposed scenario simulations. If the uncertainty of the topographic information is one 
ft, the uncertainty of simulated flood depths will be even higher. In an extremely flat area such as 
the EAA, one-foot contour maps do not provide a very accurate description of the floodplain 
geometry and as a result, flood levels may be difficult to match in some areas.  The topographic 
map used in the model was developed from a number of data sources collected over a period of 
time.  Use of data sources collected at different times is particularly problematic in the EAA as a 
result of land subsidence caused by consolidation and oxidation (as much as one foot per decade) 
of muck soil prevalent throughout much of the study area. These factors add to the uncertainty of 
topographic data used in the model and should be considered when evaluating flooding within 
the EAA. 

B.2.3.7 MODEL RESULTS  

Results from the calibrated model for the calibration and verification periods are presented 
below.  The results for the hourly simulation are briefly discussed below and a full description of 
the model setup for the hourly simulation and presentation of results are included in Attachment 
2.3.2. 

B.2.3.7.1 Results for SFWMD canals 

For the SFWMD canals the primary results are the simulated stages at the canal staff gages. 
Because the discharge from major SFWMD structures are fixed except during periods in which  
canal stages are excessively low, simulated discharges are only useful to determine if 
adjustments to structure discharges are within measurement uncertainties.   

The calibration of the surface water model is presented in the following sections.  All results and 
discussion of surface water results are presented for major model areas (e.g., Miami Canal). 
Simulated and observed stage and discharge are present first in Sections B.2.3.7.1.1 and 
B.2.3.7.1.2 and calibration statistics are presented in Section B.2.3.7.1.3. 

B.2.3.7.1.1 Water levels 

The interior canal gages S3_T, Miami.15, S8_H, NNRC.SFS, S7_H, HILL.6MI, S5AX_H, 
S352_T, and S5A_H were used for calibration of canal stages.  Gages in Bolles Canal (BLSW) 
and Cross Canal (BLSE) were also used, but less weight was given to these stations during 
calibration. The restricted capacity of these canals makes them more subject to fluctuations 
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resulting from farm drainage. Because farm drainage is represented in a simplified manner model 
performance was not expected to be as good at BLSW and BLSE as at other internal staff gages.  
The locations that canal stages are monitored in the EAA are shown on   

Miami Canal 

Results for S3_T, Miami.15, and S8_H are presented in Figure B.2.3.39 to Figure B.2.3.41 and 
show that the model tends to under-predict water levels.  Under-prediction of water levels in the 
Miami Canal generally corresponds to times when discharge rates through S3 and/or S8 are 
significant.  In general, the model is doing a fair job of representing the temporal dynamics in the 
Miami Canal.  

MIAMI CANAL 0.000-2946.000; Chainage: 499; EumType: Water Level [ft]
S3_T  [ft]
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Figure B.2.3.39 Simulated and observed daily average stage in the Miami Canal at the 
S3_T gage  
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MIAMI CANAL 23545.000-25084.430; Chainage: 25084.4; EumType: Water Level [ft]
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Figure B.2.3.40 Simulated and observed daily average stage in the Miami Canal at the 
MIAMI.15 gage  

MIAMI CANAL 41783.508-42112.082; Chainage: 42112.1; EumType: Water Level [ft]
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1994 1995 1996 1997 1998 1999 2000 2001

4.0

6.0

8.0

10.0

12.0

 

Figure B.2.3.41 Simulated and observed daily average stage in the Miami Canal at the 
S8_H gage  

Bolles and Cross Canals 

Results for BLSW and BLSE are presented in Figure B.2.3.42 and Figure B.2.3.43. Like the 
Miami Canal, the model tends to under-predict water levels in the Bolles Canal and is related to 
outflows at S3 and S8.  Otherwise, simulated results in the Bolles Canal are fair. Except for a 
few periods, the model does a good job of simulating water levels in the Cross Canal.  




