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ABSTRACT

The Environnmental Protection Agency (EPA) estimates that by
the year 2050 that gl obal sea level will likely increase by
15 centimeters with a ten percent probability that it may
rise as nmuch as 30 centineters (Titus, 1995). In this
precursory analysis, the inpact of sea level rise on the
ability to nmeet regional water managenent objectives is
estimated with the application of the South Florida Water
Managenment Moddel (South Florida Water Managenent District,
1998). This nodel is a coarse resolution surface water-
groundwat er nodel whose domai n extends from Lake Ckeechobee
in the north to Everglades National Park in the south and

i ncl udes the highly devel oped region of the southeastern
coast of Florida. The sinmulated regi onal hydrol ogi c system
performance nmeasures for current and the EPA projected 2050
sea level conditions are conpared. Major coastal
infrastructure are the sanme for both nodel sinulations.
However, certain operational rules were nodified for the
devel oped coastal region in an effort to maintain the
hydraul i ¢ gradi ent between the freshwater and the highly
sal i ne coastal water

The results of this analysis indicate that sea | evel rise of

15 centinmeters will cause greater water use cutbacks for the
devel oped regions while the interior regional hydrol ogic
system of south Florida will not be significantly inpacted.

The additional surface water flowthat is required to
mai ntai n the coastal canals at higher |evels were offset by
a reduction in groundwater flow fromthe interior regions.

Key Wbrds: regional water managenent, eustatic, hydrol ogic
system perfornmance neasures, water use cutbacks
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| NTRODUCTI ON

G obal sea level rise has been occurring at varying rates
since the end of the last major ice age fifteen thousand
years ago. For the past three thousand years avail abl e

geol ogical history indicates that sea | evel rise averaged
about four centineters per one hundred years. During the
nost recent years since 1932 sea |evel rise has been
estimated to be at an accelerated rate along the Florida
shoreline (Wanl ess, 1989). Wanl ess estimates the nore recent
rates to be in range between twenty to forty centineters per
hundred years. The accelerated rate is nore than six tines
faster than that prior to 1932 but is not unprecedented.
Average sea level rise rates as large as one to two neters
per century have |lasted for periods of thousands years at a
time since in the past. It is generally accepted that sea

| evel rise is associated with global warm ng through several
processes including the nmelting of nountain glaciers and

t hermal expansi on of the ocean waters. Past gl obal warm ng
was |ikely attributed to such factors as |ong-termincreases
in solar energy output and variations of the earth's orbit
around the sun

Scientific evidence suggest that in the future anthropogenic
activities may also contribute significantly to gl oba
war m ng. The Environnental Protection Agency (EPA) estimates
that the nost probable sea level rise that will occur by the
year 2050 will be about fifteen centineters with a ninety
percent confidence that the sea level rise will be |ess than
thirty centinmeters. The EPA report is chiefly concerned with
sea level rise due to increased greenhouse warm ng.

Regardl ess of the cause for the warm ng, the potenti al

i npacts of sea level rise poses a form dable chall enge for
wat er resources planning in the future.

The purpose of this rudinentary analysis is to estimate
potential inpacts that sea |l evel rise may have on regional
wat er managenent in south Florida if no major changes are
made to the infrastructure to adapt to such eustatic event
during the next 50 years.

METHODOLOGY

The South Fl orida Water Managenment Mdel (SFWWM is a

regi onal scale surface water - groundwater nodel that

sinmul ates the operations of a conplex systens of reservoirs
and canal s that exist in the southern portion of peninsular
Florida. It covers an area of 19760 kn2 with a nmesh of 3.2
kil ometers by 3.2 kilometers cells. The nodel sinulates the
maj or conponents of the hydrologic cycle in south Florida
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i ncludi ng: evapotranspiration, infiltration, overland and
groundwater flow, canal flow, canal-groundwater seepage,

| evee seepage and | arge nuni ci pal punpage w thdrawal s from
t he groundwat er system Rainfall and paraneters to estimate
physi cal processes of evapotranspiration were based on
climatic conditions that existed from 1965 through 1995.
Figure 1 illustrates the nodel domain cell nesh.
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Fi gure 1.
The nodel estimates overland flow with the two-di nensi onal
di ffusi on equations while groundwater flowis estimted with
a two dinensional, isotropic, transient subsurface flow
equation for unconfined aquifers. Canal water |evels and
di scharges are regulated by control structures that exist at
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various locations within the canal network. A canal reach is
generally defined has a stretch of canals that exist between
two control structures. Water levels for each reach cana
reach are estimated with an iterative mass bal ance schene
that interacts with the groundwater and surface water system
at each cell through which the canal passes.

Thi s nodel incorporates current or proposed water nanagenent
control structures and operational rules. The ability to
simul ate wat er shortage policies affecting urban,
agricultural, and environnental water uses in southern
Florida is a major strength of this nodel. The SFW/M

simul ates hydrology on a daily basis using climatic data for
t he period of 1965 through 1995. This period includes dry
and wet periods of varying duration and extremties. The
nodel has been calibrated and verified using water |evel and
di scharge neasurenents at hundreds of |ocations distributed
t hroughout the region within the nodel boundaries. Techni cal
staffs of many federal/state/l ocal agencies and
public/private interest groups have | ong accepted the SFWM
as the best available tool for analyzing regional-scale
structural and/or operational changes to the conplex water
managenent systemin south Florida. This nodel was devel oped
in the late 1970s and originally docunmented by MacVi car
(1984) .

The primary source of water for the highly devel oped regions
al ong the sout heastern Florida coast is the surficial
aquifer. This aquifer is deep, porous and highly

transm ssive creating a trenmendous source of freshwater for
t he sout heastern coastal region. This aquifer is normally
recharged fromrainfall during the wet periods and from
rainfall and groundwater flow fromthe west during drier
periods. Average annual rainfall for the southeastern coast
of Florida is nore than 1500 mllineters. During extended
peri ods of below normal rainfall [arge mnunicipal wthdrawal s
fromthe surficial aquifer along the highly devel oped
coastal regions cause |arge drawdown of the groundwater
table in the coastal aquifer. Supplenmental water deliveries
must be made fromthe interior surface water reservoirs

i ncludi ng the Water Conservation Areas (WCAs) and Lake
Okeechobee to maintain water levels in a dense network of
coastal canals. Wen these canals |evels are maintained at
the prescribed hei ghts above sea level, the recharge from
the coastal canals to groundwater aquifer |essens the
opportunity for salt water encroachnent during these
extended dry periods. This recharge hel ps nmai ntains the
hydraul i c gradi ent that exist between the freshwater aquifer
and that of the highly saline coastal waters.

The inpact of sea level rise in this analysis is eval uated
by maki ng one nodel run with current sea |evel conditions
and another with sea | evel being assuned to be 15
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centineters higher. The regional nature and coarse
resolution of the SFWM is not designed to address the full
spectrum of issues that are associated with the sea | eve
rise scenario. However, by making sone rudi nentary
assunptions an estimte of the potential inpacts that sea

| evel rise may have on regi onal water nmanagenent issues such
as Evergl ades hydroperiod restoration and to agricul tural
and urban areas can be realized. It is with this intention
that current analysis is conpleted. This perfunctory
increase in canal maintenance levels is considered the

m ni mal adj ustnent that would be required to offset the

sal twat er encroachnent that woul d ot herwi se occur. |ndeed,
prelimnary analysis with density-dependent groundwater
nodel s suggest that the canals nay need to be maintai ned at
even higher |evels to adequately offset the projected one-
half foot rise in sea |evel

RESULTS

Figure 2 illustrates a typical conparison of stage-frequency
curves of the canals with and wi thout sea level rise
scenario. Sinulated water levels are in terns of the
Nat i onal Geodetic Vertical Datum devel oped for the North
American coastlines in the year 1929. Sea Level has al ready
risen by at least 15 cmsince that period. Canal levels in
the future sea level rise alternative were naintained at

hi gher |l evels than are currently maintained to offset sea
level rise. Figure 2 is representative of coastal canals of
t he devel oped regi on which includes Mam and Wst Pal m
Beach.
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Figure 2. Exanple Canal Stage-Duration Curve for Devel oped
Coast al Regi on.

In addition to maintaining higher water levels to offset the
effects of sea level rise, water use cutbacks are initiated
at groundwater levels that are 15 centinmeters higher in the
of sea level rise scenario. Table 1 summarizes the nonths of
wat er use cutbacks for the northern, central and southern
regi ons of the devel oped areas. As woul d be expected, the
northern region requires the greatest increase in the nunber
of nonths of cutbacks since the operational rules for

mai nt ai ni ng canal water levels were not significantly
altered in this region for the sea |l evel rise scenario.

Table 1. Months O Water Use Cutbacks for Coastal Devel oped
Ar ea
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Current Pr oj ect ed

Sea Level Sea Level

Condi ti ons Ri se

Nor t hern Central Sout hern | Northern Centr al Sout hern
Coast al Coast al Coast al Coast al Coast al Coast al
Regi on Regi on Regi on Regi on Regi on Regi on
68 120 57 124 124 64

The percentage of tinme that peak annual water levels for the
sea |l evel rise scenario exceeded those of the non-sea | evel
rise scenario by at least 8 centineters for the grid nesh
appears in Figure 3. Significant increases in peak annual
water levels are an indication that there is increased
potential for flooding that may exist with the sea | evel
rise scenario which may require further analysis with finer
resolution nodels. It is inportant to point out that not
only the immedi ate coastline is influenced by sea rise
scenari o.

I n Evergl ades National Park at the southern tip of Florida,
water |levels are sinulated to increase. This is a signal

t hat changes are occurring at the boundary of the marine and
freshwater interface. It is believed that if sea |level rise
occurs at a slow enough rate, that natural ecosystens such
t hose of the mangroves would be able to migrate inland as
sea level rise occurs. However, according to Wanl ess and
Par ki nson (1989), even the current accelerated rate of sea
| evel rise is not favorable for such migration. In nore
devel oped areas of the southeastern coast of Florida, the
opportunity for mgration is Iimted by the infrastructure
t hat al ready exists.
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CONCLUSI ON

Even the current rates of sea level will present form dable
chal I enges for regional water managenent in southeastern
Florida in the next few decades. W thout significant
infrastructure changes in the future, the results of this
anal ysis indicate that southeastern coastal Florida is
likely to experience increased potential for flooding and a
greater need for water use cutbacks.It is also significant
to note that sea |l evel rise does not appear to significantly
i npact the hydroperiod of the inland Evergl ades.
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