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Preface

This report provides documentation for the U.S. Geological Survey (USGS) Surface-Water Inte-
grated Flow and Transport in Two-Dimensions (SWIFT2D) model, for application to coastal wet-
lands. Some of the material within this report was derived from manuals and technical notes pub-
lished by the Rand Corporation to describe the original two-dimensional model, referred to as 
SIM2D, and its supporting simulation system, SIMSYS2D, developed in partnership with the USGS 
and others. 
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A Model for Simulation of Surface-Water Integrated Flow 
and Transport in Two Dimensions: User’s Guide for 
Application to Coastal Wetlands

By Eric D. Swain
Abstract

The computation of hydrodynamic flow in two dimen-
sions is implemented in the Surface-Water Integrated Flow and 
Transport in Two-Dimensions (SWIFT2D) model using a 
numerical code that also includes computation of reactive con-
stituent transport, density variation effects, drying and wetting 
of periodically inundated areas, and hydraulic structures. The 
model can be utilized in a variety of settings where velocity and 
concentration gradients can be assumed to have minimal verti-
cal variations, and the representation of flow in two horizontal 
dimensions is sufficient. The finite-difference forms of the 
equations of mass continuity and momentum are solved in two 
dimensions by the use of a staggered timestep solution solved 
with an efficient alternating-direction implicit solution. The 
finite-difference forms of the constituent transport equations 
can be solved in conjunction with the flow equations. If salt 
transport is simulated, an equation of state relates the density 
terms in the momentum equation to salinity.

The traditional formulation of SWIFT2D has been applied 
to numerous estuaries, bays, and harbors throughout the world. 
Modifications have been made to expand SWIFT2D for appli-
cability to shallow coastal wetlands. These modifications 
include the representation of spatially and temporally varying 
rainfall and evapotranspiration, wind sheltering owing to 
effects of emergent vegetation, and changes in frictional resis-
tance with depth. These modifications expand the versatility of 
the code’s applications to include open freshwater or saltwater 
conditions along coasts and within embayments and estuaries 
as well as associated fresh, brackish, and hypersaline wetlands 
and marshes linked to such water bodies. Inclusion of precipi-
tation and evapotranspiration processes also permits long-term 
simulations.
Introduction

A hydrodynamic application is necessary to simulate sur-
face-water flow and transport in a system with transient non-
uniform flow conditions. A two-dimensional solution is consid-
ered applicable when the system has appreciable variation in 
the horizontal dimension and the vertical variations in velocity 
are negligible. The Surface-Water Integrated Flow and Trans-
port in Two-Dimensions (SWIFT2D) model solves the hydro-
dynamic flow equations in two dimensions in conjunction with 
transport equations accounting for constituents, heat, and salt. 
All relevant forcing functions are accounted for, including lat-
eral boundaries with specified water levels or discharge rates, 
effects of wind drag on the water surface, the Coriolis effect, 
and internal effects of horizontal momentum diffusion.

The SWIFT2D model also has additional features needed 
to represent important processes in a coastal simulation 
domain. When sections of a simulated area dry out, the model 
accounts for the dry cells and simulates the rewetting of cells 
from adjacent areas. Additionally, hydraulic structures, useful 
for representing small-scale features are simulated using their 
relevant flow equations and control elevations.

Most simulations of coastal bays and estuaries can be suc-
cessfully implemented with the capabilities described above. 
However, the application of SWIFT2D to coastal wetlands hav-
ing significant rainfall and evapotranspiration driving functions 
requires long-term simulation periods along with further capa-
bilities and modifications. In the past, limitations in computa-
tional speed have precluded long-term hydrodynamic simula-
tions. The primary cause has been the need for a relatively short 
timestep in the solution of the hydrodynamic equations, which 
makes long-term simulations computationally intensive. With 
recent advancements in computer capabilities, however, these 
long-term simulations have become practical. The longer the 
simulation period, the more important it is to provide code 
modifications to account for evapotranspiration and rainfall. 
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These and other enhancements have been made to the 
SWIFT2D model specifically to facilitate its application to the 
southern Florida Everglades. The extremely low land-surface 
gradient of the Everglades wetlands yields shallow flows with 
very low velocities that are variously affected both by vegeta-
tion in the water column and by wind-sheltering effects of 
emergent vegetation. Enhancements to the SWIFT2D model to 
better simulate these vegetative impacts to low-velocity shal-
low flows in the Everglades include a coefficient in the wind-
friction term to account for water-surface sheltering and varia-
tions in the frictional-resistance coefficient to represent the 
depth-dependent effects of vegetation and small land-surface 
irregularities that cause increasingly tortuous flow paths with 
decreasing depth.

This documentation applies to the surface-water simula-
tion features of SWIFT2D version 2.1. An extension of the 
model (not covered in this report) has been developed to 
account for the exchange of surface-water flows and solutes 
with surficial aquifers in the southern Everglades (Langevin 
and others, 2004). The SWIFT2D model has been coupled to 
the SEAWAT three-dimensional ground-water flow transport 
model (Guo and Langevin, 2002). This coupling allows the 
transfer of water and the transport of salt between the surface- 
and ground-water systems through leakage. SEAWAT was 
developed from the widely used MODFLOW ground-water 
flow model (McDonald and Harbaugh, 1988) by attaching the 
MT3DMS solute-transport code (Zheng and Wang, 1998), 
which accounts for the effects of salinity on density. The effects 
of salinity on density and flow are thus represented in both the 
surface and ground water as well as in the head difference driv-
ing the leakage. Details on the application of the combined 
SWIFT2D/SEAWAT model are found in Langevin and others 
(2004). 

The purpose of this report is to describe the formulation, 
development, and use of the SWIFT2D model with specific 
capabilities for the simulation of surface-water processes in 
dynamic coastal wetlands. This report includes the most recent 
modifications, a detailed description of the input stream, and an 
example of model application. Details on the finite-difference 
formulation of the governing equations are provided in appen-
dix I. Specific SWIFT2D model input and modifications for 
application in southern Florida are described in appendix II. An 
example input to the SWIFT2D model is presented in appendix 
III. This report was prepared by the U.S. Geological Survey as 
part of its Greater Everglades Priority Ecosystems Science Pro-
gram and the U.S. Geological Survey/National Park Service 
Critical Ecosystem Studies Initiative.

Past Applications

The SWIFT2D model code was originally developed by 
the Rand Corporation (Leendertse, 1970; Leendertse and Grit-
ton, 1971) and has been applied to a wide variety of water bod-
ies. The model was applied to Jamaica Bay, New York (Leen-
dertse, 1972), used to design the Dutch Delta Works (Dronkers 
and others, 1981; Leendertse and others, 1981), and modified 
to evaluate mixing in the Dutch Wadden Sea (Ridderinkhof and 
Zimmerman, 1992). In a report on a model of the Eastern 
Scheldt Estuary in The Netherlands, Leendertse (1988) evalu-
ated the effects of the advection term on tidal propagation. 
These experiments illustrated the importance of the timestep 
length, grid-cell size, roughness estimation, depth measure-
ment accuracy, turbulence closure, and horizontal momentum 
exchange.

Schaffranek (1986) and Schaffranek and Baltzer (1990) 
illustrated horizontal density-gradient effects on estuarine 
flushing and circulation in the upper Potomac Estuary and the 
effect of bathymetric grid density on model results using the 
SWIFT2D model. Schaffranek and Baltzer (1988) also demon-
strated the utility of the model in analyzing the hydraulic effects 
of modifications to wetlands in Port Royal Sound, South Caro-
lina, and floodplains in the Pearl River basin in Louisiana.

In other studies, Lee and others (1989; 1994) demon-
strated how highway crossings and embankments could affect 
circulation and flow within an estuarine system that consists of 
narrow channels and extensive tidal flats, which alternately 
flood and dewater with each tidal cycle. Studies of flow, circu-
lation, and solute transport in the Pamlico (Bales and Robbins, 
1995) and Neuse (Robbins and Bales, 1995) River Estuaries in 
North Carolina included comprehensive field-measurement 
programs to provide calibration and verification data for the 
SWIFT2D model applications.

Further studies have shown the effects of dredging and 
alternative spoil placement options on tidal flow, circulation, 
and flushing within several estuaries in Florida including 
Tampa Bay (Goodwin, 1987) and Hillsborough Bay (Goodwin, 
1977; 1991). Application of SWIFT2D to Charlotte Harbor 
(Goodwin, 1996) and the Loxahatchee River (Russell and 
Goodwin, 1987) provided insight into the response of tidal flow 
and mixing characteristics to alterations imposed by proposed 
causeways and bridges.

Substantial code modifications were made for wetland 
applications, leading to version 1.1 (Swain, 1999). This 
includes the initial forms of algorithms to represent rainfall and 
evapotranspiration, and is the predecessor to SWIFT2D version 
2.1 discussed in this report.
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SWIFT2D Modifications

The SWIFT2D model solves finite-difference approxima-
tions of the two-dimensional equations of conservation of mass 
and momentum. All dynamic terms are retained in these equa-
tions, thereby avoiding the simplifying assumptions used in 
kinematic wave or diffusion analogy formulations. Terms are 
included in the momentum equation to account for the effects 
of wind forcing, the Coriolis effect, and subscale horizontal 
momentum exchange. For this application, the flow equations 
are solved in the two horizontal dimensions, with implicit 
assumptions that vertical velocity and concentration gradients 
are negligible.

The transport component of SWIFT2D solves the equa-
tions of constituent transport with dispersion in two dimen-
sions. Up to seven constituents can be used simultaneously 
where growth and decay reactions are represented, and constit-
uents can interact with each other. If salt is a constituent, den-
sity effects of varying salinity concentrations are taken into 
account in the density terms of the momentum equation. This is 
accomplished with an equation of state, which relates salinity to 
density.

The governing equations are solved numerically in 
SWIFT2D. Values of the controlling parameters also are 
defined as model input to represent the characteristics of the 
modeled area. SWIFT2D provides a computational framework 
to implement this solution.

Formulation and Terminology

The partial differential equations used in the SWIFT2D 
model that express horizontal mass and momentum as well as 
constituent conservation are the two-dimensional St. Venant 
equations with terms for wind forcing, the Coriolis effect, and 
horizontal momentum diffusion as defined by Schaffranek 
(2004). In order to solve these nonlinear equations, they are dis-
cretized in time and space on a finite-difference grid. The cho-
sen finite-difference spatial increment must be of sufficient res-
olution to capture the important physical features of the water 
body being simulated. The finite-difference time increment is 
determined based on the prototype wave celerity and the chosen 
space increment.

The treatment of land elevation (above or below the water 
surface) in SWIFT2D is described here. The vertical distance 
from a tidally defined zero elevation datum to the bottom of the 
water column is entered into the model as a positive quantity in 
the downward direction, as is common convention in defining 
bathymetry. In an offshore situation, if the zero elevation datum 
is chosen to correspond to mean water level, this vertical 
distance equals the mean depth. Leendertse (1987) and 
Schaffranek (2004) refer to the vertical distance from zero ele-
vation datum to the bottom of the water column as “depth 
points.” However, in situations where the zero elevation datum 
does not correspond to mean water level, such as for other tidal 
datums (mean low water) or nontidal datums, the distance from 
the datum to the bottom of the water column can deviate sub-
stantially from mean depth. Areas inland from coasts are typi-
cally higher than tidally defined zero elevation datum, and the 
vertical distance from the zero elevation datum to land surface 
is negative upward when input to the model.

In this document, the vertical distance from zero elevation 
datum to land surface (emergent or submergent) is referred to 
as the “bathymetry point.” Bathymetry points are shown in a 
schematic of the square space-staggered grid utilized in 
SWIFT2D (fig. 1). The staggering in space essentially involves 
a half grid-cell offset of certain parameter locations. As evi-
denced, the computation of stage and constituent concentration 
occurs at the center of the grid cells, whereas the bathymetry 
points are input at the grid-cell corners. The U- and V-compo-
nents of velocity are computed at the cell edges.
The advantage of this scheme comes in the solution of the 
finite-difference equations.When solving the flow equations 
between two grid cells, the flow area can be computed based on 
the bathymetry points at the two adjacent cell corners (fig. 2A). 
If the bathymetry points were defined at cell centers (fig. 2B), 
the interpolation to determine the flow area would be less accu-
rate. The staggered-grid scheme (fig. 1) has stage defined at 
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Figure 2. Flow area with bathymetry points defined at cell 
corners and cell centers.
x-locations (i-1), (i), (i+1)... and y-locations (j-1), (j), (j+1).... 
bathymetry points are then offset to x-locations (i-1/2), 
(i+1/2)... and y-locations (j-1/2), (j+1/2).... The U-velocities 
are on the column faces at x-locations (i-1/2), (i+1/2)... and 
y-locations (j-1), (j), (j+1).... The V-velocities are on the row 
faces at x-locations (i-1), (i), (i+1)... and y- locations (j-1/2), 
(j+1/2)....

Figure 1 shows how the parameter locations are defined in 
the conceptualization of the finite-difference equations. It 
should be noted, however, that when data are placed in an array 
in the computer code, there are no half indices. This means the 
bathymetry point at location (i+1/2, j+1/2) is input and stored 
at index (i, j). The effect in the model is that, for stage computed 
at cell (i, j), the lower left corner bathymetry point is stored at 
index (i-1,j-1). All stage computation cells must have bathym-
etry points at all four corners, so if the left-most bathymetry 
points are in column 1 and the lowermost bathymetry points are 
in row 1, the leftmost stage computational cell must be in col-
umn 2 and the lowermost stage computation cell must be in 
row 2. A defined boundary stage, however, can be defined in 
row number 1 or column number 1 because it does not require 
adjacent bathymetry points at all four corners for computation. 
The same is true for specified velocity boundaries.

Somewhat analogous to the staggered spatial grid is the 
staggered timestep. The SWIFT2D numerical solution tech-
nique is based on an Alternating Direction Implicit method in 
which the horizontal velocity components U and V are com-
puted at alternating half timesteps. Table 1 indicates the 
timestep level at which each solution is made. Water levels and 
constituent concentrations are computed every half timestep, 
but U- and V-velocities are only computed every other half 
timestep. The manner in which the staggered timestep solution 
is implemented for the finite-difference forms of the flow and 
transport equations is discussed in appendix I.

In addition to the solution to the two-dimensional St. 
Venant equations with wind forcing, the Coriolis effect, and 
horizontal momentum diffusion, SWIFT2D also has the ability 
to represent Fourier tide openings, space-varying wind and 
pressure, drying and flooding of cells, permanently dry cells or 
dams, and sluices or barriers. These options are described in 
detail by Schaffranek (2004).
Table 1. Timestep criteria for computation of model parameters

Computa-
tion 
time

Time of latest computation of:

Water level Concentration U-velocity V-velocity

n n n n - 0.5 n

n + 0.5 n + 0.5 n + 0.5 n + 0.5 n

n + 1 n + 1 n + 1 n + 0.5 n + 1

n + 1.5 n + l.5 n + 1.5 n + 1.5 n + 1
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Modifications for Coastal Wetland Simulation

Several enhancements were made to the SWIFT2D model 
to simulate hydrologic processes in coastal wetlands. The rep-
resentation of spatially varying rainfall and evapotranspiration 
was added for long-term low-velocity simulations where these 
quantities are important. The incorporation of a wind-sheltering 
coefficient represents the effects of emergent vegetation on the 
water-surface wind friction. An empirical representation of ver-
tical variations in frictional resistance is included to account for 
vegetation effects within the water column.

Time-Varying Areal Rainfall

For wetland applications having substantial rainfall 
effects, a subroutine was created in SWIFT2D to read in grids 
of preprocessed rainfall values at the same time interval speci-
fied for tidal input (Langevin and others, 2002). The concentra-
tion of all constituents in rainfall is assumed to be zero. After 
the addition of rainfall to a cell, the concentrations of all con-
stituents within the cell are recalculated based on the ratio of 
added rainfall volume to total cell volume. Rainfall on dry cells 
is assumed to infiltrate and does not run off to wet cells.

The rainfall values are read in at the interval defined for 
tidal values (the input value TITIDE). A flag is read in every 
interval that indicates if nonzero rainfall exists for that interval 
(0 = no rain, 1 = rain). If there is rain for the interval, then a grid 
of values is read in by model grid rows. Currently, the rainfall 
is read in as inches over the time interval TITIDE. The input 
format for rainfall data is given in appendix II (part 5).

Spatially Detailed Evapotranspiration

Enhancements were made to SWIFT2D to include evapo-
transpiration in the simulation and to treat evapotranspiration 
at the computational grid scale. In the Everglades, evapotrans-
piration is the primary mechanism for water loss (Duever and 
others, 1994). Evapotranspiration rates depend on vegetation 
characteristics (rainfall interception and leaf area), net solar 
radiation, wind (advection and turbulent transport), relative 
humidity, and plant-available water capacity, which is a func-
tion of rooting depth, soil hydraulic properties, and water depth 
(Zhang and others, 2000). Research to determine methods for 
computing evapotranspiration rates from the relevant parame-
ters produced useful relations from Everglades field sites 
(German, 1999). The formulation developed in this research is 
considered most applicable to the Everglades coastal wetland 
environment and is incorporated as a SWIFT2D model modi-
fication. The formulation is based on the Priestly-Taylor 
equation:

λE α AΔ
Δ γ+
------------= , (1)

where λ is the latent heat of evaporation of water, E is the evapo-
transpiration rate in mass flux per time, α is the dimensionless 
Priestly-Taylor (P-T) coefficient, A is the available energy, Δ is 
the slope of the saturation vapor-pressure curve, and γ is the 
psychrometric constant. If the terms λ and Δ/(Δ+γ) are approx-
imated as constants, the equation expresses evapotranspiration 
rate E in terms of the P-T coefficient α and the available energy 
A. Another approximation is to express available energy A (the 
sum of the net radiation, soil heat flux, and change in heat stor-
age) as a function of solar radiation only. Both of these approx-
imations neglect variabilities in the slope of the saturation 
vapor-pressure curve, net nonzero heat fluxes, and changes in 
heat storage.

German (2000) found that 95 percent of the variations in 
latent heat flux, the energy used for evapotranspiration, could 
be explained through water-level and solar radiation values 
only. This allows a simplified representation of evapotranspira-
tion based on fewer parameters that are more easily obtained. 
German (2000) expressed the P-T coefficient α as a function of 
solar radiation R and water depth ζ:

α C0 C1ζ C2ζ
2 C3R C4R

2++ + += , (2)

where C0, C1, C2, C3, and C4 are empirically derived coeffi-
cients. Regionally applicable values for the coefficients were 
derived through least-squares regression of data from multiple 
field sites, using depth ζ in units of feet and solar radiation R in 
units of watts per square meter. This yields the values for vege-
tated areas (German, 2000):

Co = 1.1263

C1 = 0.1156

C2 = -2.71 x 10-2

C3 = -8.21 x 10-4

C4 = -1.07 x 10-7

With this formulation of α and the approximations to 
equation 1 discussed above, a relation between the evapotrans-
piration rate and the computed α and R can be developed by 
linear regression. The best fit equation is (Swain and others, 
2004):

ET 1.32 10 5–× αR– 2.73 10 5–× R 2.56 10 3–×+ += , (3)

where ET is the evapotranspiration rate in depth per time. Equa-
tions 2 and 3 are used to compute evapotranspiration in 
SWIFT2D. The evapotranspiration volume for each cell is 
computed during each computational timestep and is removed 
from the total cell volume. Constituent concentrations in each 
computational cell are adjusted for change in water volume. 
The presence of solar-radiation input is defined in appendix II 
(part 2, record 3), and the solar-radiation time series in appen-
dix II, (part 3, record set 6A).

There are three considerations when calculating evapo-
transpiration in SWIFT2D following the principles prescribed 
by German (2000). First, water lost from beneath dry cells 
through evapotranspiration is not represented in the SWIFT2D 
model. Second, the evapotranspiration rate is, in reality, a 
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function of available energy in the water column. Solar radia-
tion is a convenient surrogate for available energy. Pyranometer 
measurements are a useful areal indicator of local solar radia-
tion and an estimate of available energy. However, since solar 
radiation becomes zero at sunset, when substantial heat energy 
remains in the water, there is a tendency to underestimate 
evapotranspiration at sunset. Likewise, evapotranspiration is 
generally overestimated near sunrise when solar radiation is 
heating the water. In spite of these discrepancies, predicted 
evapotranspiration volume over a daily cycle generally is rea-
sonable, being on the order of 0.3 centimeter (German, 2000). 
Finally, the evapotranspiration algorithm used in SWIFT2D is 
based on coefficients developed for the southern Florida Ever-
glades and may not be applicable to other geographical areas 
and water bodies.

Wind Sheltering

Originally, SWIFT2D was developed primarily for open-
water applications in which a spatially uniform coefficient for 
wind stress on the surface is representative of the entire model 
domain. In heavily vegetated wetlands, such as the Everglades, 
however, emergent vegetation can shelter the water surface 
from wind conditions (Reid and Whitaker, 1976), effectively 
reducing wind- stress effects. This reduction of wind stress on 
the water surface is simulated by using a wind-sheltering coef-
ficient (a simple linear multiplier) in the wind-stress term of the 
momentum equation. The value of this multiplier can be rea-
sonably represented as spatially uniform in areas with emergent 
vegetation (Jenter, 1999); the value is 1.0 in open-water areas. 
Information is limited on values of the wind-sheltering coeffi-
cient. Although a value of 0.3 has been used successfully in a 
wetlands application (Swain and others, 2004), further research 
is needed to better define these values. The coefficient is 
applied to the wind term in the solution of the momentum equa-
tion in SWIFT2D (see appendix I). Instead of requiring the user 
to define which portions of the model area have emergent veg-
etation, a coefficient value of 0.3 is applied to all computational 
cells having a Manning’s coefficient greater than 0.1, which 
assumes that an assigned high resistance coefficient indicates 
the presence of emergent vegetation.

Variations in Frictional Resistance with Depth

In densely vegetated areas with shallow depths, microto-
pography and vegetation can cause the effective flow resistance 
factor for a model cell to vary with the flow depth. When 
upscaling frictional resistance from point measurements at the 
field scale to represent resistance of an entire model grid, 
microtopography has the capability of increasing the effective 
frictional resistance at lower water depths. The variation in 
topography creates sinuosity in flow, increasing the flow resis-
tance experienced at shallow depths. Based on this functional-
ity, a useful empirical form has been found to represent the 
variation of Manning’s n with depth (Swain and others, 2004):
neff nref dref d⁄( )p= , (4)

where neff is the effective Manning’s n, nref is the reference 
Manning’s n, dref is the reference water depth, d is water depth, 
and p is the exponent that represents nonlinear characteristics of 
the relation.

The parameter dref is the water depth at which the 
reference Manning’s n value nref is applicable. The values 
of dref, nref, and p should correspond to known values from 
experimentation. Numerical experiments in a southern Florida 
wetland indicated that best results were obtained using nref val-
ues from laboratory experimentation where dref = 0.6 meter and 
p = 2 (Swain and others, 2004). The values of these coefficients 
must depend on the topographic and vegetation features of the 
application area.

Computational Cells Adjacent to Flow Barriers

Hydraulic barriers are included in the SWIFT2D compu-
tational grid by replacing the normal flow equations at a grid 
cell with an equation representing the barrier. Barriers may 
control flow in either the x- or y-direction and represent weirs, 
hydraulic gates, bridge piers, or other features. Each barrier is 
one grid space long, is located at a water-level grid point, and 
must be specified as either a U- or V-flow control. At a barrier, 
flow is restricted in some form, and a special computation is 
made to allow for energy loss at the constriction that results in 
differences in water levels on either side of the barrier.

Certain restrictions apply to the location and arrangement 
of barriers. Barrier points should be located at least three grid 
points apart in the direction of the flow and three grid points 
away from the computational grid boundary. Barrier points can 
be side by side, forming a row or column to simulate linear fea-
tures such as a storm-surge barrier. When computational cells 
adjacent to barriers are wet, the flow barrier acts as a levee or 
weir. In the original version of SWIFT2D, computations ceased 
if a computational cell adjacent to a flow barrier in the direction 
of flow became dry. The SWIFT2D code was modified to pro-
vide the constraint that there was no flow over or through a bar-
rier during times when computational cells on either side of the 
barrier were dry, thus allowing the simulation to continue. Flow 
is allowed to enter either cell adjacent to a barrier from other 
directions, and there is no storage of constituents at the barrier 
when an adjacent cell is dry.

Other Code Modifications

Several other minor code modifications were made to the 
SWIFT2D code for application to coastal wetlands:

• Wind stress is not applied in computational cells adja-
cent to a water-level open boundary. This modification 
helps prevent numerical oscillations that can develop at 
a wide open boundary owing to wind forcing.
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• Print routines were modified so that (1) simulated 
constituent concentrations at selected locations are 
printed at the same time interval as water levels and 
discharges, and (2) simulated water levels and veloci-
ties are printed to a different file than the remainder of 
the simulation output.

• The output unit for computed velocities was given 
increased resolution to accommodate the extremely 
low-flow velocities of the Everglades wetlands.

Summary

The Surface-Water Integrated Flow and Transport in Two 
Dimensions (SWIFT2D) model has been documented for use in 
coastal wetlands. The finite-difference model solves the equa-
tions of mass and momentum conservation in two dimensions 
and solute-transport equations for heat, salt, and constituent 
fluxes. Modifications to the original hydrodynamic formulation 
for application to areas with emergent vegetation include areal 
representation of precipitation and treatment of evapotranspira-
tion processes. The modifications to allow the simulation of 
flow and transport in wetlands also include wind-sheltering 
effects and the variation of frictional resistance with water 
depth.
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