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EFFECTS OF SEA-LEVEL RISE 
AND WATER MANAGEMENT 

ON THE HYDROLOGIC IMPACT 
OF HISTORIC STORMS



 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



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 



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



Hurricane
Wilma

Great Miami
Hurricane
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Harney River salinity

Shark River salinity

Salinity surge and washout matches with 
field data at coastal creeks.

Comparison of "1996 Wilma simulation" of salinity 
surges to actual 2005 Wilma field measurements
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Hindcast

Modern salinity
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Simulating effects of Wilma-type storm on hindcast
hydrology (1926) and recent hydrology (1996).



• Windfield, storm surge, and rain from day of 
Great Miami Hurricane applied to 
September 18, 1996

• Comparison of hydrologic effects made to 
Hindcast simulated Great Miami Hurricane

• 1926 simulation with Great Miami Hurricane 
repeated with 1996 sea levels

Simulations to determine variables 
in storm effects



Salinity and inundations before and after hurricane
Great Miami Hurricane in 1926 Great Miami Hurricane in 1996 Great Miami Hurricane in 1926 with Modern SL
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Area A

Great Miami 
Hurricane in 

1926

Great Miami 
Hurricane in 

1996

Great Miami Hurricane 
in 1926 with Modern 

Sea Level
Inundation change in 
square kilometers 86.25 91.75 83.25

Inland salinity change 
in PSU 5.84 12.12 12.29

Offshore salinity 
change in PSU ‐4.29 ‐2.71 ‐1.56



Area B

Great Miami 
Hurricane in 

1926

Great Miami 
Hurricane in 

1996

Great Miami Hurricane 
in 1926 with Modern 

Sea Level
Inundation change in 
square kilometers 58.00 55.50 58.25

Inland salinity change 
in PSU 8.38 3.59 3.61

Offshore salinity 
change in PSU ‐2.87 ‐0.53 ‐1.29



Area C

Great Miami 
Hurricane in 

1926

Great Miami 
Hurricane in 

1996

Great Miami Hurricane 
in 1926 with Modern 

Sea Level
Inundation change in 
square kilometers 59.75 66.75 51.50

Inland salinity change 
in PSU 4.26 9.29 8.93

Offshore salinity 
change in PSU ‐1.12 ‐1.18 2.74



Future work includes a Integrated Proposal with the 
tasks:

 Optimize wellfield operations based on 
environmental and operational criteria, including 
potential future scenarios

 Delineate drainage structure characteristics that 
affect rainfall-runoff process

 Determine potential effects of storm events and 
storm surge on coastal canals and county 
facilities



Drainage Structure/Area Hydrology Data

Multivariate Analysis
SMH Small-Scale Model

BISECT SLR and Storm Model

SLOSH

Wellfield Optimization Under Climate Variability
Delineate Runoff/Drainage

Represent Potential SMH Wellfield Effects

Determine Effect of SLR and Storm Surge

Integrated project flowchart



Development of storm surge model 
using BISECT and SLOSH

Current hydrodynamic representations of 
storm surge in BISECT can use SLOSH-
generated surge-wave momentum

 BISECT simulation determines long-term 
impact on surface-water and groundwater 
salinity

 Combination of SWR for the canal effects 
and SWIFT2D for the overland 
hydrodynamics of  the storm surge



Swain, E. D., Krohn D., 
and Langtimm C.A., 2015, 
Numerical Computation of 
Hurricane Effects on 
Historic Coastal Hydrology 
in Southern Florida: 
Ecological Processes 4:4, 
1-20. 



Questions?


