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Requirements 

 Surface-water represented by 
hydrodynamic formulation to account 
for transient momentum changes 

 Linkage to groundwater formulation 
to account for close interaction 

 Salinity transport with density effects 
to account for coastal interactions 
 

 

Because coastal South Florida has unique 
features such as low gradients and high surface-
water/groundwater connectivity: 



Surface Water 
Momentum 

Formulations 

Kinematic Wave 
friction slope = bottom slope 

Diffusive Wave 
friction slope - depth gradient = bottom slope 

Hydrodynamic 
friction slope - depth gradient + temporal 
acceleration + spatial acceleration = bottom slope 



Challenges 
Hydrodynamic formulation requires short 

timesteps and is computationally intensive 
 The combined sw/gw code with transport 

has a multitude of interrelated parameters 
Hydrodynamic formulation required when 

short-timescale transients occur, but often 
a  simpler scheme suffices  



 FTLOADDS (Flow and Transport in a Linked Overland/Aquifer 
Density Dependent System) Combines: 

• SWIFT2D hydrodynamic surface water code 
• SEAWAT variable density ground-water flow and transport code 

 Satisfies requirements for modeling South Florida 
• Hydrodynamic representation of surface water in two-dimensions 
• Three dimensional representation of groundwater 
• Salinity transport is represented in each model and passed with leakage 

 Modifications  
• Heat Transport 
• Interfaces with other models 

 

Numerical Modeling Code 

SWIFT2D 
FTLOADDS 

SEAWAT 



Recent publication surveys field conditions under 
which hydrodynamic terms are important 

 

 

Shark River 

Miami Canal 



South Florida and Model Areas 
 

Gulf of Mexico
Everglades National Park

Bi
sc

ay
ne

 B
ayMiami

Florida Bay

Study
area

Lake 
Okeechobee

Florida
Bay

500000 520000 540000 560000 580000480000460000440000420000400000

UTM EASTING, IN METERS

2820000

2800000

2780000

2760000

2740000

2720000

2840000

2860000

2880000

2900000

2920000

U
TM

 N
O

R
TH

IN
G

, I
N

 M
E

TE
R

S



When is a hydrodynamic simulation 
coupled with groundwater most 

useful? 

During major storm events, dynamic 
inundation brings water and salinity ashore 

 Long-term simulation capabilities allow 
representation of salinity intrusion effects 
on surface water and groundwater 



To simulate historic storms: 
Hindcast BISECT MODEL 
Representing historical period 1926-1932, 1926-1940 

 Boundary Data 
 Tidal levels adjusted 

using Key West record 
 Northern boundary 

flows synthesized based 
on Lake Okeechobee  

 Rainfall from historic 
gages 

 Hurricane events 
specified individually 

 Basic wind and 
atmospheric data used 
from 1996-2002 
 

 



Hindcast 

 Simulate historical period with FTLOADDS 
model to determine water levels, salinity, 
and flows and compare with historic aerial 
photography  

Represent historic storms and effects on 
coastal regimes  

Use results to develop insight into future  
 



Salinity washed on shore important to 
Mangrove-Hammock Model 



To Examine Future Conditions: 
Incorporating Sea-Level Rise 

Represent existing period with increased 
tidal levels 

Can be combined with estimated future 
conditions such as rainfall, water 
management 

Needed conditions for future storm effects   
 



To Examine Future Conditions: 
Downscaled Climate Data  

Rainfall data from Global Climate Models 
and reanalysis is downscaled for 
hydrology model input 

Comparison is made between existing 
conditions and downscaled input 

 Effects of future rainfall scenarios can be 
examined 
 



Downscaled Global Climate Model 
rainfall applied to hydrology model 

 Time series from late 20th century 
and mid 21st century used 

Rainfall differences combined with 
sea-level differences to predict net 
effect 
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Future - existing CCSM

Future with 30 cm SLR - Existing CCSM Future with 30 cm SLR - Existing GFDL

Future - Existing GFDL
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change in percent of time inundation

Differences in time inundated with future rainfall 
from global climate models 

Swain, E., Stefanova, L., and 
Smith, T., 2014. Applying 
Downscaled Global Climate 
Model Data to a 
Hydrodynamic Surface-Water: 
American Journal of Climate 
Change, Vol. 3 No. 1, 2014, 
pp. 33-49. 



1996-1999 rainfall 2038-2057 rainfall 

2038-2057 rainfall, 1 foot sea-level rise 

Comparison of average salinity between late 20th century scenario and 
future rainfall and sea-level rise scenario. 
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Defining the salinity interface - 
cumulative leakage from north 

to south 
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Figure 4. Average surface-water stage and ground-water head showing effect of
                 coastal embankment.

Average water levels along 
north-south transect 
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Figure 3. Computed aquifer salinity showing effect of coastal embankment.
                 Transect location shown in figure 2.

Aquifer salinity along north-south 
transect 



1997-1999 simulation shows 
changes only in top layer 
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Coastal Everglades salinity 
interface as indicated by model 
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Figure 5. Saltwater interface in a coastal aquifer where the wetland lies inland of a coastal embankment.



East-west transect shows a 
saltwater interface representation 
closer to classical model 
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Publications – Codes and Models 

SWIFT2D 

SEAWAT 

FTLOADDS 



Publications – Additional USGS  Reports 



Publications – Additional Peer-reviewed 



Other FTLOADDS Publications 
 Cline, Jon C., Lorenz, Jerome J., and Swain, Eric D., 2004, Linking Hydrologic Modeling and Ecologic 

Modeling: An Application of Adaptive Ecosystem Management in the Everglades Mangrove Zone of 
Florida Bay: International Environmental Modelling and Software Society iEMSs 2004 International 
Conference, June 14-17 2004, University of Osnabrück, Germany.  

 Swain, E.D., Langevin, C.D., and Wolfert, M.A. 2002. Cooperative linking of numerical models for coastal 
wetland planning: American Water Resources Association's Spring Specialty Conference on "Coastal 
Water Resources," May 13-15, 2002, New Orleans, Louisiana.  

 Langevin, C.D., Swain, E.D., and Wolfert, M.A. 2002. Numerical simulation of integrated sur-face-
water/ground-water flow and solute transport in the southern Everglades in Florida: Second Federal 
Interagency Hydrologic Modeling Conference, Las Vegas, Nevada, July 28 - August 1, 2002.  

 Cline, Jon, and Swain, Eric, 2002, Coupling Ecological and Hydrologic Modeling: SICS and ATLSS: 
Second Federal Interagency Hydrologic Modeling Conference, Las Vegas, Nevada, July 28 - August 1, 
2002.  

 Swain, E.D., 2000, Dynamic numerical wetland modeling to determine destinations of surface water: 
AWRA 2000 Annual Water Resources Conference, Miami, Florida, November 6-9, 2000.  

 Swain, E.D., 2000, Development of numerical tools for integrating wetland hydrologic processes: SICS 
and TIME: in U.S. Geological Survey Open-File report 00-449, p. 54-56.  

 Swain, E.D., 1999, Two-dimensional simulation of flow and transport to Florida Bay through the Southern 
Inland and Coastal Systems (SICS): in U.S. Geological Survey Open-File Report 99-181, p. 108-109.  

 Swain, E.D., 1999, Numerical Representation of Dynamic Flow and Transport at the Everglades/ Florida 
Bay Interface: Third International Symposium on Ecohydraulics, Salt Lake City, Utah, July 13-16, 1999.  

 Swain, E.D., 1998, Using a Two-Dimensional Surface-Water Model to Integrate Coastal Wetland Data 
From Multiple Process Studies: Proceedings of the American Geophysical Union Spring Meeting, Boston 
Massachusetts, May 26-28 1998.  

 



USGS Modeling Team and Collaborators 
 

 USGS Fort Lauderdale 
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