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EXECUTIVE SUMMARY

This report presents the hydrologic impacts of the El Nific and of the onset of the
La Nifia- or El Viegjo-induced weather pattemns on Central and South Florida from
November 1, 1997 to October 31, 1998, It offers a comprehensive, histori¢ perspective
of the hydrologic events that the South Florida Water Management District (District)
experienced during this period.

El Nific-related weather patterns are caused by warming water surface
iemperatures in the Eastern Pacific Ocean near the coast of Peru. A complimentary
cooling occurs in the Western Pacific. La Nifia-related weather is associated with cooling
equatorial waters in the Eastern Pacific. The pattem is ususlly observed every three to
four years. Tt can occur infrequently at intervals of two to seven years (U.S. Dept. of
Commerce). This report examines rainfull, evapotranspirution, lake and impoundment
stages, groundwater elevations and flows into and out of major lukes and impoundments.

From November 1997 through March 1998, a total of 23.91 inches of rain fell
throughout the South Florida Water Management District. This exceeded historic
average tainfall for this period by 13.05 inches. The greatest deviation [rom historic
average rainfall amounts wus observed in the Upper and Lower Kissimmee rain areas,
They received 16.53 and 21.38 inches of rain above average, respectively, during this
period.

From April 1998 through October 1998, the District received an average of 30.98
inches of rain, 10.88 inches lcss than expected based on the historic record. The Dade
rain area (Eastern Miami-Dade County) received 19.71 inches less than usual and the
Palm Beach rain area (most of Palm Beuch County), 18.85 inches less. For the entire
year, from November 1997 through October 1998, the Upper Kissimmee area
experienced the greatest net inerease in rainfall, 20.91 inches above the historic average.
The western agricullural area or Wesl Ag rain area and the Dade rain area experienced
lower than average rainfall for the year starting November 1997; -9.90 and —9.16 inches,
respectively.

During the period November 1997 through March 1998, estimated potential
evapotranspiration rates were generally lower (han historic average values. The grealest
deviations in evapotrenspiration were observed at one station in Lake Okeechobee, 2.84
inches below average. During the El Nifio period examined, the effect of excessive
rainfall on increased flows and stages was compounded by the fact that
evapotranspiration rates were lower,

In March 1998, the stage in Lake Okeechobee reached 18.43 feet NGVD, the
third highest water surfacc clevation recorded since 1931, This record stage was due 1o
excessive rainfall in the areas contributing flow to the Lake, principally the Upper and
Lower Kissimmee rain areas. From mid-November 1997 through October 1998, water
levels were consistently above historic monthly average values.



The LT Nitio- and La Nifiw-influenced weather patterns also affected groundwater
lable ¢levations in all of the key-indicator wells monitored by the District. These wells
monitor greundwater elevations in all of the major aguiters underlying the District. The
nraximum deviation above historic average values was observed at Well L-731 in the
Sandstone aguiler in the Southwest Coast rain wren, Lee County, The recorded water
level was 7.98 Teet higher than the historic average in March 1998, The maximum
deviation below historic groundwaler 1able lavels was observed at Station L-581, also in
the Southwest Coast twin arca. This well in the Mid-1lawthom ucpuifer was 17.22 feel
below historic averuge level in July 1998 The reported water levels in both of these wells
reflect locul pumping demand and long term trends s well as the response (o the El Nifio
and La Nifia events. Both wells are located in conlined aguifers and respond quickly to
stresses induced by pumping.

Four urcas coniribuled 89 percent of the inflow to Lake Okeechobee in 1997 98,
They were the Upper and Lower Kissimmee areas, the Fishcating Creek arca, the aicu
centributing flow to the S84 gate and the aren contributing flow o the $71 structure. On
average, the inflow o Lake Okeechobee was 2.4 times the historic mean Mow. ‘Two
mator waterways received 83 percent ol the outflow from Lake Okeechobee in 1998.
They were the Caloosshatchee River and the St Lucic Canul. The Caloosahatchee
Estuary received 479 pereent of its historic average flow volume from approximately
November 23, 1997 through May 29, 1998, buscd on the flow at 879 The St. ucie
Estuary reccived 305 percent of its hisoric average flow volume from December 1997
through June 1998 based on (Tows recorded a1 $49, S80 and S97.

The hydrologic effects of Bl Nifflo and La Nifia-induced weather paterns
observed in Central and South Florida from November 1997 through Oclober 1998 were
exceptional. They mcluded extremes in rainfall, wuter surface elevations, groundwater
table fluctuations, evapotranspiration and flows. They were consistent with the inpcts
expericnced during previous El Nifio and La Nifia events. I Nido and o Nifiy weather
pautems occur on an irregular but, prediciable or loreseeahle basis.  The hydrologic
impacts were regional in nature and are nol well represented by District-wide summary
stabstics.  In his report, the use of rain arcas facilitaled the regional analysis and
presentation of dala.

Tuking o system-wide view of the impaets of the Kl Nifio and La Nifia weather on
willer resources, one overwhehmng conelusion became apparent. By March 1998, waler
in 1he syster managed by (he Souh Florida Water Management Distrier had nowhers to
ro. Lake Okcechobee was at dangerously high levels. All ol the upper Jukes including
Kissimmee and Istokpoga were at regulation levels,  The Waler Conscrvation Areis
could not aecommodate wtditional flow.  Flows that had the potential ta negatively
impuct the Caloosahaichee and St Lueic estuarics were heing released.

The Tellowing yecommendations vesulting from the analysis and presentution of
data in this report are oflered:



s Planning should ba undertaken bascd on a rcview of operational responses to the
1997-98 El Nifio in order to éxahiné altemativé d{rategies to managing the system to
minimize financial and environmental impacts. ‘

o The monitoring network and database for District-wide assessment of rainfall,
ground water and evapotranspiration should be reviewed and improved.

+ Finally, it is recommended that the rain area boundarics be altered to coincide with
the drainage area boundaries. This will also require changes in some drainage basin
boundaries as well. The modifications would, in most cases, be minor. This would
facilitate accessing information on a rain area basis from the District's corporate
database, DBHYDRO.
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INTRODUCTION

Background

Significantly greater than average rainfall fell in Central and South Florida from
November 1997 through March 1998. During the following months, April through
October 1998, the ares received less rainfall thun expected: This report covers the period
from November 1, 1997 to October 31, 1998. 1t presents the hydrologic impacts of the El
Nific and of the onset of the La Nifla- or El Viejo-induced weather patterns on Central
and South Florida during this period. The Central and South Florida Region has been
divided into 15 major watersheds' depicted in Figure 1. These areas are within the
boundaries of the South Florida Water Management District and include Everglades
National Park.

El Nifio-related weather paiterns are caused by warming water surface
temperatures in the Eastem Pacific Ocean near the coast of Peru. A complimentary
cooling occurs in the Western Pacific. La Nifia-related weather is associated with cooling
equatorial waters in the Eastern Pacific. Geoarchaeolgical evidence exists that El Nifio
events occurred as early as 5,000 years ago (Sandweiss, et al., 1996). The pattern is
usually observed every three to four years. It can occur infrequently at intervals of two to
seven years (U.S. Dept. of Commerce). Solow (1995) found that the timing of El Nifio
events is consistent with a model of a stationary renewal process™. He also found that the
magnitude of the El Nifio event based on a binary value (strong vs, wesk) was
independent of timing and followed a stationary first-order Markov chain with estimated
transition matrix”.

Figure 2 shows the Multivariate El Nifio/Southern Qscillation (ENSQO) Index for
the years 1950 to 1999. K. E. Wolters and colleagues at the National Occanic and
Atmospheric Administration’s Climate Diagnostics Center developed the index as a
rescarch tool. It is based on six key variables collected over the tropical Pacific Ocean,
such as sca surface temperature and sea-level pressure. The spikes above zero indicate
periods associated with El Nifio weather patierns, In the Southeastern United States, this
warming in the Bastem Pacific results in increased rainfall. The spikes below zero
represent La Nifia events.

The spikes above zero shown in Figure 2 comrespond with previously observed El
Nifio-induced, dry scason rainfall patterns observed in the District in 1957-38, 1965-66,
1972.73, 1982-83, 1986-87, 1991-92, and 1997-98 and the extended wet season in 1994,
The last positive spike on the right represents the event that triggered the rainfall amounts
witnessed in the 1997-08 El Nifio period in South Florida. Spikes below zero in Figure 2
correspond with reported drought periods in 1970-71 and 1971-72, 1974, 1985, 1988-89
and 1989-90. The last negative spike on the right represents the onset of the 1998 La

| The South Florida Water Management Distric identifies the major watersheds as “rain areas.” They
constituie major drsinape basins.

?''he reader is referred to any of a number of statlstical textbooks for @ more detailed explanation of these
COncep1s,
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Figure 1. Major Basing or Rain Arcas
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Nifia event. Figure 3 shows the historic record of water surface elevations in Lake
Okeechobee. During the last two decades, the majority of extreme stages (both minimum
and maximum) have coincided with El Niflo and La Nifia events although not all
extremes can be explained by El Niiio- and La Nina-related weather. The vanation in
Lake Okeechobee stages is one example of the effect of Bl Nifie and La Nifia on water
resources in Central and South Florida.

The 1997-98 cvent was characterized as having demonstrated “exceptional
amplitudes” by researchers at the Center for Ocean-Aimospheric Prediction Studies
(COAPS) at Florida State University. Winter precipitation over the southern third of the
nation exceeded any of the “warm” (El Ntio) cvents of the last 40 years, including the
1982 event, with "especially surprising increases” along the East Coast of the United
States (Smith, et al., 1999),

Rescarchers at COAPS also found that an El Nifo “greatly increased the
probability of receiving greater than onc standard deviation above the overall mean
precipitation during the winterime...” In addition, a La Nifia “increased the probability
ol mean seasonal precipitation being one standard deviation below the overall mean
during the winter.” The impaet of La Nifia is as strong or stronger than that of the El
Nino (Richards, 1994).

Swmmary of Operational Effects

The Monthly Surface Water Conditions Detail Report produced by Watcr
Resources Operations (formerly the Operations and Maintenance Department, SFWMD,
1997-98) chronicle the avolution of the El Nifio event in 199798 in South and Central
Florida and some of the impacts on the systems operated by the District. In summary, the
E! Niiio-cnhanced rainfall started in November 1997 with 217 percent of the monthly
historic rainfall. However, at the end of Navemnber, the year-to-date total rainfall was
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Figure 3. Lake Okeechobee Stages 1931 1999

[ractionally above average, All lukes in the system were operating al or near their normal
schedules.

In December 1997, more thin twice the monthly historic amount of rainfall fell
across the Distnel. This contributed to o foot incrcase in the water level in ke
Okcechobee. Releases o the Water Conservation Areas were siopped.  All lakes in the
Upper Kissimmee basin were significantly above their annual maximum scheduled siage.

In Tanuary 1998, District-wide rainfall again exceeded the historic monthly
average. Flood ¢ontrol releages were made from the Caloosahatchee River to its estuary
(o accommaodate local runofl and o release waler from Lake Okeechobea.,

During Febnuary 1998, the Distriet received rainfall that was nearly three times
the hnmrlc monthly average. Lake Okecchobee water surfuce elevations approuched
Zone A’ levels. Canals C-23, €224 and C 25 in the St. Lucic Basin were operated al the
wet seuson levels. ‘The U.S. Army Corps of Engincers made regulatory releases from
Lake Okeechobee ino the St Lucic Estuary all month,  Likewise, releases from Lake
Okeechobee were made 1 the Caloosuhatchee River. The Caloosahatchee River was
hear discharge capacity. Tlood conlrol pumping in the Liveralades Agricultural Arca was
moderate in February.

"Zone A elers t the condition in which the masimum pracucal st ef water is pumped o the Warer
Conservinion Arcas and water is refeised o S277 @Caloasaliuchee Rivers and 5 50 151 Lueie Buauary) up
W he capacily of thive siruciures.



In March 1998, nearly twice the monthly historic average rainfall fell. This was
the last month in the report period with rainfall significantly above average, signaling the
end of the El Nifio pattern. Lake Okeechobee water levels rose again. The Lake was
operated in Zene A for the last half of the month. Releases from Lake Okeechobee were
made to the Caloosahatchee and St. Lucie Rivers for flood control purposes. :

April 1998 saw the beginning of a period of reduced rainfall due to the La Nifia
effect. Rainfall amounts were roughly half of the historic average for April, May, June
and October and average or slightly above average for July, August and Scptember 1998.
Tn general, water levels in the District’s lakes and Water Conservation Areas retumed to
normal levels”.

Other El Nifio/La Nifia Effects on Sourhern and Central Florida

In addition to the sffects of El Nifio and La Nifla events on rainfall amounts, lake
levels and canal flows in South and Central Florida, tornado activity in the Fiorida
peninsula is usually reduced during both El Nifio and La Nifia. Generally, the panhandle
of Florida experiences a reduction of toradoes during El Nifio periods and an increase
during La Nifia events (Bove, 1997). However, on February 22, 1998, a series of
tornadic thunderstorms hit Central Florids. Two of the turnadoes were possibly severe
enough to rank among the six most severe tornadoes recorded in Floridu's history. The
development of thesc tornadoes was consistent with the observed 1997-98 El Nifio
weather patterns (Grenci, 1998). The thunderstorms on February 22 caused an estimated
$62 million in damages. Thirty-nine people were killed and 250 injured. Other damages
attributed to the 1997-98 El Nifio reached $100 million in Florida (Farley, 1998).
Nationally, insurance companies received $1 billion in weather-related claims during the
first quarter of 1998 {Brostoff, 1998),

Brenner (DOACS, Florida Department of Agriculture and Consumer Services)
found that there was a strong corrclation between E! Nifio events and a reduction in
acreage burned by wildfires in Florida and a correaponding correlation between La Nifia
cvents and an increase in the number of acres burned by wildfires in Florida. According
to statistics from the Bureau of Forest Protection (DOACS), the total number of fires in
1998 ranked ninth in an 1B-year period of record, from 1981 to 1998. However, the total
number of acres burncd in 1998 (506,970 acres) ranked third, exceeded only by the
number of acres burned in 1981 (582,441 acres) and 1989 (645,331 acres) as shown in
Figure 4.

! Watar levels in WCA 3 were managed under o lempuorary deviation schedule o reduce the impaets 1o the Cape
Sable Seaside Sparrow during the months of April and May 998!
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This is in contrust 10 4 total ol 209 371 acres thal were burned per yeur an average
bascd upon the 18-year perickd of record examined. It should be noted that a major La
Nifia cvent was observed in 1989-90 as shown in Figure 2. {0 1998, cach wildfire
humed on average of 103 acres, the highest uverage for the 18-year period as seen in
Figure 5. The next highest avernge was in 1989 with 88 acres per fire, Not only werc
conditions drier in 1998 due to La Niiia, but weather was more severe.  In 1998, 31
percent (1,532} of all fires (4,899) were started by lightning (typically 10-20 percent).
Although this might appear to be u modest increase, 79.2 percent (401,617 scres) of the
total number of acres (506,970 acres) burned in Florida in 1998 were atiributed 1o fires
cuuscd by weather related phenomena (lightning strikes). Typically, about 20-30 percent
ol the acreage burned by wildfires in any year are associated with lighining sirikes,

Finally, Floridu Keys researchers reporled unusual damage to temperature-
sensiive coral reefs (CNN) as a result of increased rainfall during Bl Nifio cvents. Sea
water levels rose an average of 20 mm worldwide as 2 result of the El Nifio in 1997
(Science News, 1998). The carth's rotation was slowed by four-ienths of o millisecond
duc 1o the effect of El Nifio induced winds on the planets angular momentuni
(Monmastersky, 1998),

0
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System Description

There are seven rain arcas or major basins that either provide water for Luke
Okeechobee or that receive water directly from the Lake:
» Upper Kissimmee Basin
» Lower Kissimmee Basin
» Luke Okeechobee
» Everglades Agricultural Area - East
»  West Agricullural Area
» St Lucie Estuary

o Caloosahatchee Estuary

The Upper Kissimmee River watershed covers 1,596 squure miles (Guardo,
1992). Tt consists of 18 surface water management basins in four counties: Orange, Lake,
Osceola and Polk, Tt is characterized by the lakes that eveniually discharge to Lake
Kissimmee including Alligator Lake, Lake Lizzic, Coon Lake, Trout Lake, Lake Joeal,
Lake Myrtle, Lake Mary June, Lake Hart, Lake Genury, Cypress Lake, Ajay Lake, East
Lake Tohopekaliga, Lake Tohopekaliga and Lake Hatchineha. There are several



drainage districts in the watershed, including the Reedy Creek Improvenent District that
contains Walt LYishey World and is the most heavily populated arca in the Kissimmee
River watershed. The principal Jand uses are wetland, rangelund, agricullure, urban area
and [orest. Ground clevations mange from 181 feel NGV 1o 52 feet NG VID.

‘The Lower Kissimmee River watershed, including Lake Istokpopa, consists ol 20
hasins (Abtew, 1992) in live counties: Osceoly, Polk, Highlunds, Qkeechobee and
Glades.  The walershed covers 1,270 square miles north and norhwest of Lake
Okecchobee. Ground elevations rmge from 126 feet NGV (0 18 [eet NGVD. The
pringipal land uses are for agriculture, rangeland, wedand, forest and urban arcas. The
agricultural uses include dairy, beef cattle, hay und eitrus production. There is a growing
usc lor tounsm in basing surroundimg Lake Okeechohee, Fach basin is associated with g
mijor canal. levee or shuclure,  The canals, levees and structures provide flood
protection, drainage, irdgation water, water for wetlands und navigwtion.  Flood
protection is provided for upstream arcas. The C-38 cunal is the major canal in the
walershed, It cxtends 47.8 mles rom the outlet of Lake Kissimmee (o 1ake
Okeechobee. The Lower Kissimmee walershed provides 41.5 percent of the average
inflow to Lake Okeechobee,

Lake Qkcechobee 15 the sceond largest (reshwater uke within the boundlaries of
the Umled States. Al an average depth of 89 feel, it has o surface arca of 630 square
miles {Ablew, 1999). Mean annual rainfall is 46.6 inches. Mean annual cvaporaion
from the Lake is approxamately 50 inches per year. Historic annual, mean inllow (o the
Lake 15 LA8B 816 sere-fect and meun outlow 1s 1,113,099 acre-feel. The Lake is o
multipurpese watcer resource providing (lood protection, water supply (both urban and
agricultural), recreation and wildlife habitat. Seven counties surrounding the Lake have
portions that drain direetly into it Glades, llighlands, Okeechobee, St Lucie, Palm
Beach. Hendry and Martin.  Ground surface clevations in the basin runge lrom 154 feet
NGVD 10 9 feet NGV,

The Bast Everglades Agricullural Aren (EAA) is made up of those areas south and
southcast of Lake Okeechobes that once were parl of the Lverelades but were drained
und are now used for agricultural purposes (Cooper, 1989), Last BAA includcs areas in
four counties: Palm Beach, Martin, Uendry and Glades. The watershed is comprised of
¢ight surlace water management basins covering 1.010.2 square miles. The prineipal
land usc is wgriculture.  The wopography of the arca s Nat. Ground surface elevalions
average upproximalely 15 feet NGV ‘The watershed contains the six Stormwater
Lreatment Arcas. The canals, levees and assoctated structures provide flood protection,
wiler control, agncultural water supply and water lor the Lverglades Nutional Park
(LNP). They also provide waler 10 castern Palm Beach, Broward and Duade countics (or
municipal water supply, 1o prevent sultwater intrusion and water for nundated releases w
the Water Conservation Areas,

The West Agricultural Arca covers 490 square miles in theee countics: Hendry,
Collier and Browwrd, 1L s made up of three surfuce water management basing.  The



principal land uses are related to agricultural production. The topography ol the basin is
flat. Ground surface elevations average approximately 15 feet NGVD.

The St. Lucie River watershed is comprised of two surface water management
basins: the C-44 (St. Lucie Canal) basin and the Tidal St. Lugie basin (Cooper and
Santee, 1988). They cover 259.6 square miles in Martin County. The C-44 canal has
four functions: , .

Provide drainage end flood protection

To discharge water from Lake Okeechobee when the Lake is over schedule
Provide irrigation water during periods of drought

Provide navigable waterway between the Intracoastal Waterway and Lake
Qkeechobee ‘ o

RN

Ground elevations range from 0 feet NGVD to 72 feet NGVD. The principal land uses
are mixed including residential, commercial, agricultural and industrial activities. Lake
Okeechobee teleases cause two significant problems in the St. Lucie River watershed.
Flows into the Estuary (Tidal St. Lucie) are sediment laden und deposit sand, clays and
organic mater al the outlet of the C-44 canal to the south fork of the 5t. Lucie River.

The Caloosahatchee Estuary covers 1,005 square miles in five counties: Hendry,
Glades, Lee, Collier and Charlotte. It is comprised of four surface water management
basins that exist in two rain areas, the Caloosahatchee and the Southwest Coast.  Ground
elevations range from 63 feet NGVD to 4 feet NGVD. The principal land uses are also
mixed, characterized by residential, commercial and industrial actvities near the Gulf
Coast and agricultural uses further inland. The Caloosahatchee basin experiences the
same problems as the St Lucie basin in terms of sediment deposition and negative
environmental impacts due to excessive fresh water releases from Lake Okeechobee
{ibid.).

Monitoring System

Rain

The discussion of rainfall that follows is based upon an analysis of 357 ran gages
located throughout the District. These locations are shown in Figure 6 and listed in
Appendix A, Table Al. These pages were active during the 1997-98 El Nifio/La Nifia
event. They constitute the majority of rain gages located within the Distnet, At sites
where multiple rain gages are located, data from a single rain gage was used to represent
rainfall at that point. In many instances, rainfall at a sitc with multiple ram gages was
best represented by data from a preferred record, Preferred records (also known as
preferted DB Keys) ure developed and maintained with significant oversight by
hydrologic reporting staff at the South Florida Water Management District. They contain
data that has been reviewed in a post-processing, quality assurance and quality control
(QA/QC) process. Daily rainfall data was summed for each month for each gage over the
period from November 1, 1997 through October 31, 1998. This data was used in



conjunction with a program developed by A, Al 1o delermine average values of ruinfall
for cach of the fifteen ram areas examined in this study (Ali and Abtew, 1900).
Muodifications (o this program were made by the author to include Lverglades National
Park and to apply the program to a single yeur. Historic rainfall averages were based
upon values from Technieal Publicmion WRE #380 by Ali and Ablew (1999). The
author compiled hisloric rinfull averapes for the Big Cypress Preserve rain arca, Water
Conservation Area (WCA 3) and Everglades Nationa) Park (ENP).

Fyapoanspiration

Evapotranspiration (ET) s the combined consumptive and evaporative processcs
that relcase waler 1o the aimoesphere through vegelition and soid (Bras, 1990}, It was
calculated on a monthly averase basis at Five sites in the District where meteorological
dula was available. The location and station names of these sites arc shown in Figure 7
and ligted in Table A2 in Appendlx A. )

Stagex

Stage or water surface elevation data was acquired for the Upper Kissimmee
Chain of Lakes, Lake Kissimmee, Lake Istokpoga and Lake Okeechobee, The Upper
Chuin of Lakes data included stuge values for Alligator Lake, Lake |lart, Lake Myttle,
Fasl lLake ‘I'ohopekaliga, Lake Tohopeckaliga and Lake Gentry.  Stages for Water
Conservalion Arcas 1, 2A and JA (WCA |, WCA 2A and WCA 3A) were also included.
The gages used to report stuge data arc lisled in ‘Table A3 in Appendix A. Their
locations are shown in Figure 8.

Ciroundweder Elevations

Thineen “key indicator” wells used to monitor proundwater supplies during
drought conditions were vsed in this report tw depict the clfects of Ll Nifio and La Niiia
wealher palterns on Central and South Flonda.  The sites are listed in ‘Table A4 in
Appendix A and shown on Figure 9.

Flows

Table A5 in Appendix A lists the 31 stations used to evaluate the flows into and
out ot Lake Okecchobee, the Culonsahatchee River and 5t Lueic Canal for this reporl.
The locations of these stations are shown in Figure 10, Of the 31 stations where {lows
into the Lake were monitored, seven are stations that contral Tow oul of the Lake. These
slalions ure also shown in Figure 10.

The loltowing section of this repon discusses the hydralogic impagts of the 1997
1998 LI Nifio/La Nina evenl with respect 1o rainfall, evapotranspiration (ET), lake levels
ar stages, groundwater 1able elevations and lake and eshary inllows and outllows in
detil. A summary and set ol conclusions and recommendations compleles the report.
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INYDROLOGIC IMPACTS

Rainfall
Districi-wide

An average of 2391 inches of rain fell over (he 15 rain arcias within the
houndanies of the South Florida Waler Munagement District from November 1, 1997
through March 31, 1998 (El Nifio). According to the historic record, 10,86 inches would
have been expected to fall aver this area during this period. This vesulled 1noa raimlall
“swrplus” of 13.05 inches. The greatest departure from historic monthly average rainfall
oceurred in December 1997 and February (998, Rainfall amounts were 215 percent and
190 percent above hisloric averages, respeclively. As discussed in the following scctions,
this excess runfall alfeeted the conveyance systems, estuarics and impoundments in
Soulh and Ceptrad Florida during the 1997-95 El Nifio.

From April 1, 1998 through October 31, 1998 (La Nina), 30.98 inches of rain fell
compared 10 a historic average of 41.80 inches for the same period. This resulled in a
rainfadl “delient™ ol (.88 inches. April, May, June and Qctober 1998 were between 43
and 60 percent below historv monthly averapge runfalls District-wide, July, August and
Seplember had only modest deviations from historic average monthly rainfalls, ‘

I'rom November 1997 through October 1998, the nel, District-wide surpius in
rainfall was 217 inches above the historie average. Ishould be noted that this number is
misleading, becausc it preseats an average for the entire District over the period ol one
year. The clfects of the El Nifio and the La Niila rainfalls were nuch more pronounced
in smaller regions throughout the Disinet and during cach of the respective periods, L
Nifo and La Nifia,  This is presenled in the next scelion and the scctons on
cvapotranspiration, stage, proundwater clevations and Flows that Tollow.

R Area Staristics

Figure 11 shows the ramnfall surpluses for the El Nifio period from November
1997 through March 1998 or the 135 rain areas in South and Cenwral Florida, Note that
the amounts of surplus, those rainfall amounts abave historic average. vary considerahly
over the arca rom a maximum surplus of 21.38 inches in the Lower Kissimmee rain arca
to a minimum surplus of 8.68 inches in the Marlin/8L Lucie rain arca.

As shown in Flgure 12, Lower Kissimmee had the lowest deficit during the
period (rom April 1998 through Ocetober 1998, -047 inches.  The Duade rain area
experienced the greatest delicit during this penod, -19.91 inches,

Appendix 13 contnns additional figures for eagh riin area presenting monthly
rainfall amoonts compared o monthly hislotic averages and monthly deviation ltom the
historic record m pereent. Although monthly surpluses and deficits vary by month for



cach rain area, tho patterns arc similar. Significant rainfall surpluses were observed in
December 1997 and February 1998 and significant deficits in Junc and October 1998.
The greatest percentage surpluses were for December 1997 in the Upper Kissimimee rain
arga, 363 percent; the Lower Kissimmec rain area, 341 percent; the Southwest Coast rain
area, 334 percent; and Water Conservation Area 3, 334 percent. The greatest monthly
deficits compared to historic average rainfall occurred in April in the Dade rain area, 84
percent; in August 1997 in the West Ag rain area, 97 percent; and in September in the
Martin/St. Lucie tain area, 87 percemt,

Figure 13 shows the net difference between historic average annual rainfall
amounts and the rainfall that occurred during the period from November 1997 through
October 1998 for the 15 rain arcas. In general for the year, surplus rainfall fell in rain
areas north and west of a line extending from southwest to northeast through Lake
Okecchobee, whereas deficits occurred in rain areas south and east of that line. '

The greatest net difference in rainfall over the 12-month period from November
1997 through October 1998 was seen in the Lower Kissimmee rain area of 20.91 inches.
The least net difference in rainfall was that for the West Ag rain area, a deficit of 8.9
inches. Table 1 shows the net difference in rainfall amounts for each rain area with areas
that experienced surpluses on the left and those with deficits for the 12-month peried on
the right.

Table 1. Net Rain Area Rainfall November 1997 through Qctober 1998

Rain Area Rainfall above | Rain Area Rainfall below
Average (in) Average (in)

Lower Kissimmes 20.91 West Ag -0.90
Southwest Coast 7.52 Dade .16
Lake Okeechabee 7.19 Martin/St. Lucie -B.13
Caloosuhatehes 5.46 Broward -5.00
Upper Kissimmee 3.82 Palm Beach -4.92

| Big Cypress Preserve 2.24 East EAA -2.43
WCA 3} 216 Everglades National Park -0.98
WCALA&?Z 0.24
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Evapotranspiration

Evapotranspiration is the loss of moisture to the atmosphere from evaporation at
the ground or water surface interface and from the transpiration of organisms, largely
plants (Bras, 1990). It is' an important element in the water cycle and i3 essential
component of a water budget or balance calculation, During the EI Niflo period from
November 1997 through March 1998, lower than expecled evapotranspiration occurred in
most basing in the District, Less waier was lost to the atmosphere and thus a greater
amount of water was stored or conveyed by systems under thc management of the
District. The effect of greater rainfall and lower evapotranspiration rates on stages,
groundwater table elevations and flow will be discussed in subsequent sections of this
report, This section quantifies the annual evapotranspiration rate during this period and
compares it to historic averages for the same period.

Potential evapotranspiration (ET) was calculated on a monthly averuge basis at 22
sites in the District where meteorological data was available for the reporting period.
Afller analysis, five stations were selected for use in this report. The location and station
identification numbers of these five sites wus shown in Figure 7. Some of the rain areas
used in the previous scction to report watershed average rainfall do not have a
meteorological data station that was collecting information from November 1997 through
October 1998, Wine of the 15 rain areas had one or ho recording meteorological stations
during this period. Nevertheless, point values of annual ET deviations as well as monthly
values are presented for the five stutions, Another limitation was the period of record for
the sites used. Extreme events like the 1994 wet season have a greater influence on the
historic averages calculated than might otherwise be the case for stations with a longer
period of record

Evapolranspiration cannot be measured directly. 1t is estimated using one of
several equations (Abtew, 1999; Downey, 1998; Chow, et al., 1988, and others). When
comparing methods of computing evapotranspiration in wetland areas, Abtcw (1996)
found that when data was limited, an energy balance equation could be applied to
estimate potential evapolranspiration. An encrgy batance equation for evaporation is
presented by Chow, et al,, as.

E =— ...Equation (1)
iva

where E; = evaporation rate
R, = net solar radiation
I, = latent beat of vaporization
and Py = density of water
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Abtew used a sumilar equation that accounted for transpiration and used total solar
radiation inslead of nel solar radiation, o quantity more easily measured in the ficld and
thus more commonly recorded. This resulted in equation (2):

LT K, R‘ ...Cquation (2)
A
where BT = potential evapotranspiration vute
Ky = empirical, dimensionless coelliciant
R, = total solar raciation
A = lutent heat of vaporization

Fquations (1) and (2) are dimensionally cquivalent, KT is (ypically reported in
units af inches or millimeters per day.  Ablew aiso found that K, ranged fram 0.52 10
0.54 for the wetland systems that were studied depending upon vegetation type and
densily. Fquation {2) is more scnsitive 10 variations in solir ragliation 1han 1o changes in
air temperature. Air temperature 15 a variable affecting the Tatent hear of vaporization,

This report uses equation (2) and a K, value of 0.53 1o compwie polential ET. The
value of 0.53 wus chosen to represent an average value for all areas,  Also, monthly
averiage potential ¢vapotranspiration rales were computed based upon monthly average
air temperatures and monthly average total solar radiation valucs. A more accurle
method would have been o calculate the L1 values at a localion an a daily basis using
daily average emperature and duily total solar radintion values and sum the daily ET
amounts for the entire month. The focus in this report is o comparison with historic
average ET miles. Since the method of caleulation is consistent for both the El Nifio and
La Nifda periods and the historic average, the use of monthly average 11 rates is
considered appropriage.

Figure 14 shows (he annual deviation in FT from historic values computed for
the kI Nifio/La Nifia peried at the five metcorological data stations used in this report.
No spatial pattern is obvious. The grealest deviglion in annual ET armount fram historic
average wis al station LOOG 11 Lake Okeechobee, 2.84 inches, This means there wus
2.84 inches less of [T than would have boen capected had historic uverage LT occurred
during  this  penod. The Jowest  devimtion  from  historic  average  polential
cvapatranspiration was al the Big Cypress Preserve Seminode Indian Reservation. At this
sliion, there was na deviation from the 101al historic average ET.

Monthly deviations from historic averaoes at individual data collection sites are
more useful m demonstrating the cffect of the El Nifio and La Nifia weather patterns
during 1997 and 1998, Figure 15 shows the deviation in monthly ET from hislorie
average values at Station LO06 in Luke Okcechohee. 1L is typical of the patierns observed
il other meleorological dati stations. "The BT values, in general, mimic the pitllern shown
in rainfall tigires. "The net effect on hydrologic systems is akin 1o a “onc (wo piunch.”
Raunfall was above average during the Ll Nido periend and evapicanspiraion was helow
uverugu.
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Appendix C presents a table used for the ET analysis and figures for each of the
remaining four meteorological data stations.
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Stages
Upper Kissimmee Chein of Lakes

Figure 16 shows the variation in water surface elevation or siage from November
1. 1997 through October 31, 1998, for Alligator Lake. Alligator Lake is one of the lakes
in the Chain of Lakes rributary {o Lake Kissimmee. Also shown is the regulation level or
target water surfuce clevation. The iment of the regulation level is to limit the effects of
flooding in the areas surrounding Alligator Lake. Note that Tor the period through March
1998, the water levels in Alligator Lake cxceeded the regulation level minimally four
times. This was due to controlled releases to lower the water surlage elevation in the
Luke. The steep decline in stage starting in April 1993 is. the result of these controlled
releases.  [from Muy 1998 through Junc 1998, the stage continues to recade.  This
correspouds 1o the beginning of the La Nifia weather pattern (resulting in less rainfil
during the wet season). This is most pronounced afler June 1998 when the regulation
level increases to accommodate rundff from wet season rainfall and lake levels continue
lo recede and remain well below the regulution level.
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Figure 16, Alligotor Luke Stage Nencemhor 1997 though October 1998

A similar paltern is evident for other uibulary lukes in Figures 17 through 21 for
Lake Hart, Luke Myrtle, East Lake Tohopekaliga, Lake Tohopekuliga and Lake Gentry,
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Figure 21. Lake Gentry Stage = November]997 through Qctober1998

Lake Kissimmer

Figure 22 shows the water surface elevations in Lake Kissimmee during the El
Nifio/La Nifia 199798 cvent. There were three periods during which water levels
exceeded regulation levels; they wers: 1) mid-December 1997 through mid-January
1998, 2) mid-February 1998 through mid-March 1998 and 3) late March 1998 through
mid-May. The last period is one wherc lake levels are druwn down to accommodate
gpring and summer runoff. This was done but the decline in lake level continued past
mid-May 1998 and through mid-July 1998 due to lower than expected rainfall amounts in
the basin caused by La Nifia. The Lake was 2 feet lower than regulation leve! by mid-
July 1998. In addition, Lake Kissimmee provides nearly 50 percent of the flow into Lake
Okecchobee. Flows discharged from Lake Kissimmee to reduce luke water levels
evenwally enter Lake Okeechobee. When flow is reduced in order to allow lake levels to
recover, it affects water levels in Lake Okeechobee, This is discussed in the section on
flow that follows.
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Lake Istokpoga

Lake levels in Lake Istokpoga were controlied during the 1997 98 LI Nifio as
shown in Figure 23. However, the water level o]l below the minimum lzhe Jovel during
the dry wet scason that followed during the summer and early fall of 1998, Flow {rom
Iwo of the busing downstream ol Lake Esokpuga contribute on average about 14 percent
of the Mlow o Lake Okeechohes. (One of the outcomes of keeping Lake Istokpoga slages
close to regulation levels through March 1998 waos (o pass excess waler on to Lake
Okeechobee. The impact of this process is examined in the discussion on stages in ).ake
Okeechobee and in the following seciion on {Tow inlo the [ake,
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Lake Okeechobee

Variation in stage or water surface elevation from November 1, 1597 through
October 31, 1998 for Lake Okeechobee is depicted in Figure 24. Lake levels rose from
November 1997 through March 1998 reaching a maximum stage of 18,43 feet NGVD on
March 26, 1998, the third highest stage in the lake’s recorded history which started in
1931, The recorded stage remained at that level through March 28, 1998. A recent report
(URS Greiner Woodward-Clyde, 1998) cited the problems with secpage and piping
through the Lake's berm when the stage reached 18.5 feet NGVD. The 100-year stage
has been estimated at 21.6 feet NGVD (SFWMD, Operations Structure Books). At the
cnd of March 1998, water levels were in Release Zone A. Zone A operations require
maximum capacity releases to the Caloosahatchee River (9,300 cubic feet per second or
cfs) and the St. Lucic Canal (16,900 cfs) and the maximum practical releases o the Water
Conservation Areas. On March 26, 1998, the day that the lake reached & maximum stage
of 18.43 feet NGVD, approximately 5.4 million acre-feet of water® was stored in the lake.
This amount is 44.3 percent higher than would have been expected based upon the
historic record (3.7 million acre-feet). On April 1, 1998, the volume of water stored in
Lake Okeechobee was 5,355,380 acre-feet, 49.0 percent more than the average volume
traditionally stored during April of 3,592,355 acre-feet.

$ These volumes are based upon area-capacity computations for Lake Okeechobee completed by stafl at the
Jacksonville Districl of the U.S. Army Corps of Engincers in 1962,
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Stage (ft, MEL!

The increase in lake stage con be pantially miributed to upsiréam impoundments

that were maintained at regulation levels and impoundments downstream like the Water

- Conservation Arens that could nel accommodale additional NMows.  Starting in Margh,

however, the target or scheduled lake levels beoan 1o decrease, again operitionally

anucipating inereascd rainfall during the spring and summer months,  Stages remained
above historic monthly average values through October 1998,
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Figure M. Lake Okecchobee Stuge Noventber 1907 through October 1998

Wetter Conservedion Arvay

Figure 25, 26 and 27 show the changes in stage in Water Clonservation Areas |
(WCA 1), 2A (WCA 2A) aud 3A (WCA 3A). During the Ll Nifo period, November
1997 through March 1998, waler levels were mainlained at or near regulation levels with
the exception of WCA 3A. Swring in January 1998, the regulation fevel in WCA 3A
decreased from 10.5 feet NGVD to 9.5 feet NGV, During 1997-98, the sluge was
maintained between 105 and [1.0 (cet NGYD until mid April 10 accommodale excess
rainfall and runoff,  There was concem aboul increasing water levels in the Waler
Conservation Areus and the degradation of habita Tor the Cape Suble Seaside Sparrow
(SFWMTD, 1997-98).
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Figure 25. Water Conservation Area 1 Stage - November 1997 through October 1998

Figure 27 also shows historic monthly average stages for WCA 3A for the study
period, November 1997 to October 1998. A maximum stage of 10.90 feet NGVD was
observed on December 30, 1997. At this time, WCA 3A stored approximately 550,000
(5,352,685 va. 4,802,684) more acre-feet of water® than it would have under historic
average conditions during December. On April 1, 1998, the stage in WCA 3A had
decreased to 10,75 feet NGVD, but the additional water stored based upon the historic
monthly average stage for April had increased to approximately 1,016,465 acre-feet
(5,279,024 vs. 4,202,505 acre-feet).

¢ The volumes reported here were computad assuming a consiant surface urea uvailable for storage of
491,072 acres for WCA JA.
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Groundwater Elevations

Groundwater clevations are routinely monitored to assess changes in this critical
resource. Infiltrating water from rainfall raises ground water table levels. During drought
periods, the groundwater table falls. The effect of rainfall and infiltration on ground
waler tends o be less pronounced than that observed for surface watcr stages and flows.
The changes in groundwater table levels are generally less extreme (cxcept in confined
aquifers in areus of high usage) and occur more slowly, Tn addition, the physical system
that stores (he water cannot be dircctly observed and is therefore morc uncertain and
harder to analyze than surface water systems. Rainfall events that have the greatest affect
on surface water levels (short-duration, high-intensity) tend to affect groundwater levels
less than long-duration, low-intehsity events. During short-duration, high-intensity
cvents more water is quickly lost to runoff and has little time to infiltrate 1o ground watcr.

Figure 28 dcpicts a typical East-West cross-section that shows a number of
aquifers or groundwater reservoirs. The cross-section changes depending on Jocation and
orientation. In acldition to showing the spatial relationship among various aquifers, it
helps to demonstrate the complexity of the geology that affects groundwater storage and
flow. In ordet to capture this complexity, groundwater table clevations should be
reported by aquifer. To simplify the process of reporting trends in groundwater
availability, the Hydrogeologic Asscssment and Modeling Unit at the South Florida
Water Management District uses 13 “key indicator” wells located throughout the District
(shown in Flgure 9) to report trends in groundwater resources especially under drought
conditions. The 13 wells are located in four different aquifers. Most of them are in the
surficial aquifer. The surficial aquifer lies dirceily beneath the ground surface and
generally is the most responsive to rainwater that has infiltrated the ground’s surface and
evapotranspiration. It is labeled “Water Tuble Aquifer” in Figure 28. Water levels in
deeper, confined aquifers (especially in Southwest Florida) often fluctuate more than
levels in the water table aquifer. This is due to lower storativity and the effects of well
pumpage rather than the direct affect of rainfull.

Rt e raioe R

Hawthors Coftaing Lang

Figure 28. Generalized [Iydrogeologic Cross-section of South Florida
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The impacts of rising and falling water tables vary., Along the coast, groundwaler
clevations and duration of time at a given level are the primary [actors that control
sallwater intrusion. In intenor agncultural arcas, water table Jevels affect crop production
and the need for pumping and irrigaion.  Along the West Coust of Florida, groundwaler
levels are especially sensitive o well pumpage because ol the lower produclivity aod
storativity of the West Coast aquifers,  Water (able levels are the basis for droughi
walches and warnings. ‘The 1997-98 L] Nifio and La Nifa in Central and South Florida
tmpacted groundwater tables signilicantly. The pattern shown in Figore 29 15 typical of
the flactuations m waler levels recorded al wells throughow the District. The lgure
depicts the averuge monthly groundwaler level deviation from monthly historie average
valugs at Well PR-563 for November (997 through October 1995, Well PB 565 is
locnted in Palm Beach Coonty and is used 1o menitor the surficial aquifer,
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Figure 29, Averaye Ground Water Level Deviation from Monthly Historic
Avervage af Well PR-565 November 1997 throuph October {908

Similar figures for the other 12 key indicator wells are presenied in Appendix D.
Groundwaler clevations incrcased above historic average in the first severul months of
the EI Nifio/La Niiiy period starting in November 1997 and fell below average levels in
the later part of the period, through October 1998, Due o the variation in topography,
the: companson 1o histore averages at each well is a convenient method of presenting and
comparing the mpact on groundwater table clevations at locations across the Disirict.
Some caution should be exercised m owsing the deviation from histonic average as an
indicator of the impact of a short-term evenl ike El Nifio. Preliminary investiganons by
the U.S. Geoelogical Survey have shawn long-term Lrends in some of the wells used in thig
study (Prinus, 1999). For instance, the water surface elevation in well L-381 in Lec
County has been declining i the rate of about 10 (eet per year Jor the last fiflcen years.
Howcever, the relutive impact of short lerm events can be depicled by examining the
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fluctuations over a shorter period as shown in Figure 29 (November 1997 10 October

1998).

Note that in Flgure 29, groundwaler levels remained above historic averages
beyond March 1998. 'This also occurred at other well locations as shown in Appendix D.
Table 2 summarizes the patterns by averaging water Lable elevation deviations from
historic uverage for the periods from November 1997 through May 1998 and June 1998
through October 1998. Table 2 also contains columns for the periods used in other parts
of this report which have been retained for consistency. Since the average deviations for
the entire period do nat effectively represent the extremes, the maximum monthly
deviations for cach period are presented in these columns in Table 2.

Table 2. Average Ground Water Level Deviation from Historic Average at Thirteen Key

Indivator Wells
- Well 11/97-5/98 November 1997 6/93-10/98" Aprll 1998 to
Aquifer/ . Average Deviation. | to March 1998 Average Ociober 1998
County from Historic (ft) | Maximum Deviation from Maxium
‘ Monthly Hlistoric (ft) Monthly
Deviation (Nt} Deviation (ft)

G-1183 / Surficial
Dade Co. 0.134 0.30 -0.12857 -0.29
(1251 / Surficial
Fverglades Area 0.54 0.93 0.27 -0.09
G-853 / Surfleial
Broward Co, 113 4.57 1.12 -1.47
PB-565 / Surficial
Palm Beach Ca. 1.31 2.04 -0.06 -1.07
M-1090/ Surfieial
Martit Co. 0.88 1.65 0.15 -0.90
STL-125 f Surficial
5t Lucie Co. 0.90 1.36 0.32 -1.44
L-7A0/ Surficial
Lower West Cousl 0.03 1.27 -0.34 -0.90
C-492 / Lower Tamiami
Lower West Coast 0.79 1.50 0.07 0.49
L-731 / Sandstone
Lower Wast Coast 5.48 7.98 075 -1.05
L-581 / Mid-Hawthom |
Lower West Const 3.16 1.28 -12.32 '<17.22
OK-1 / Horidan
Okeechohea Co. 1.39 2.% _0.58 '2:40
Lake Joel / Ploridan
Osceola Cu. 1.44 2.50 .87 -2.93
Lake Ofiver / Floridan '
Orange Co. 1.61 2724 0.78 0.11
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Inllows
Luke Okeechobee Inflows

Table 3 shows the Tour basins or watersheds that contributed the greatest inflow
volumes 1o Lake Okeechobee in enlendar year 1998, They were the Upper and 1.ower
Kissimmee busins, Fishcating Creck, and the basing contributing flow to the 584 and 571
structures.  Overall, they contributed 82 percent of the 1otal inflow volume w the Lake
thut year. Based on a pertod of record from calendar years 1972 throngh 1998, the samc
four basing would have been expected e contribute 71 percemt of the jnflow volume o
the Lake. Combined. the four areay contribuled more than iwice (2.05} their average
flow volume (o the Loke in 1998, This statistic demonstrales the dominance of these four

hasins with respect to fheir impact on Lake Okecchobee during the 1997 98 1l Nifio/l.a
Nifia. '

On April 1, 1998, the stage in Lake Okcechobee was 18.35 feet NGVD after
reaching a maximum stage of 18.43 feet NGVD on March 26-28, 1998, On Apeil |, the
volume of waler siored in Fake Okeechobee wias 5,355,380 acre-feer, 49.0 percenl more
than the average volume traditionally stored during April of 3,592,355 acre-feet.  This
maximum difference in volume of witer stored in April [998 can be direct]y attributed 1o
the significantly higher inflows to the Lake especially from the Upper and Lowcer
Kissimmee watersheds during the El Nifio period, November through March.

Tuble 3, Basing or Watersheds Contributing the Highest Percentage of Flow Volume to

Take Qkeechobee 1997 98
lilstoric | 1997-98 % of
AREA Anmgal | Anmual | % of Total | 1997-98
Average | Average | Tolal Infliw Infllow/
Flow Flow Inflow | Iistoric | Averape
(cls) (efs) 1997-98 | Averuge [ Inllow
Kissipnnee Basing (upper and lower) | 1348 3306 | 582 56.3 245
Basing wibulary 1o 584 89 673 11.5 29 3.57
Fisheating Creek 236 1 682 1n9 19 2.76
Busing lobulary to 8§71 25 0 A0 7.1 H.0 1.9
. Jowal (four areas) 1.Y78 5,036 88.7 | 827 2.54

Figure 30 shows the percentage increase or deercase in inflow o Lake Okeeclivbee
by flow gauging station during 1998. Now that there was a decreuse in inflow al severl
stations, These siations are also owtllow stations or bocations where Dow cin either enter o
leave the Lake. The percenage increase/decrease during 1998 versus hisworic averages can
be misleading in o1 praclical sense. because the statons experiencing the greafest percentage
increuse or decrease may represent locations that contribute relutively small quantitics of
Mow and (hus may not warranl additional investisition. Thus, Table 3 above and Table 4 in
the [ollowing section were provided 10 indicate the loeations with the greatest (nlows and
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outflows. Nevertheless, Figure 30 indicates the cxtremes that inflow lecations around Lake
Okeechobee experienced as the result of El Nifio and La Nifia weather patiems.

S o

Figure 30. Percent Increase/Decrease in Inflows to Lake Okeechobee —
199798 vs. Historic Average

The consequence of increased flows to Lake Okeechobee and the Caloosahatchee and
St. Lucie estuaries (discussed below) on water quality should be noted here. Water quality js
reported using a number of measures. One is concentration usugally measured in milligrams
per liter (mg/)) or parts per million (ppm). These two units are equivalent at low
concentrations in water. At very low concentrations, units of micrograms per liter (ug/1) and
parts per billion (ppb) are used, Another measure used to monitor and report water quality s
load or mass loading rate using units of pounds per day (lb/d) er tons per year (ton/yr). In the
International System (SI), these units are kilograms per day (kg/d) or metric tons per year
(tonnefyr). The mass loading rate is computed by multiplying the average concentration
times the flow rate as shown in equation 3.

wW=KQ ¢ ... Equation (3)

where W = mases loading rate (kg/d, 1b/d)
Q = flow rate (cms, cfs)
¢ = average concentration (mg/l)
and K = unit conversion factor

Water quality in lakes and cstuaries are affected in two ways from greater rainfall.
First, greater rainfall tends Lo increase the amount of sediment available 1o be transported
by the conveyance system. Often water contaminants, like the nutrients phosphorous and
nitrogen, are¢ bound with the sediment. Second, higher flows are capable of carTying
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more scdiment lo receiving water bodies. These (wo processes generally result in gremer
loads of conlaminants (W in LEquation 3) being reccived by surface impoundments.
Lruring the LI Niiio in 1997-98, monthly loading of wal phosphorus to 1.ake Qkeechober
ranged [rom approximately 18 meuric (ons per month in December to 160 metrie tons
per maonth in Janpuary. Totul phosphorous loadings for the sume months in the following
year were [ess thun 10 metric 1ons per month (SFWMD, July 1999). Although a detailed
discussion of waler quabtiny impacts on District lakes and impoundments is bevond the
seope of (his repon, the impact of the LI Niiie and La Nifia weather patierms on water
quality can be significant.

Figure 31 shows average moothly inflows in efs w Luke Okecchobee Trom
November 1997 through Oclober 1998 and compures these inflows to historic monihly
averages.  Note the significant inceeascs in infllow lo the Lake during the months of
LDecember 1997 through Apnil 1998, Also note the inflow deficits during the monlhs of
June through Oclober.  These inflow patlerns coincide with thie weather pailemns
assoctated with FENido and La Nina during 1997 98 and are un example of the impact of
these phenomena on hydrologic systems in Central and South Flovida,

15900
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1aRan

coenp !

B
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Figare 3. Average Momhly nflow to Lake Okeeclobee vs. Historie Averuge Monthly Inflow
Nereesnher 1997 thremgh October 1998

Figures 32 through 35 show the El Nifio/la Nifia inllows o Lake Okeechobee by
station for the period November 1997 - Mareh 1998, The praphs have been ordered o show
the stations thal conntbute the greatest inflows 1o 1he Luke [irst (Figure 32) to those thal
contnibute the least (Figure 35). The historic averape inflows are also shown in these figures.
NOSE is the station where flows from the Upper and Lower Kissimmee watersheds ure
mgasured before entering (the Lake. The location of $63E was shown in Figure 10
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Figure 33. Inflow by Station vs, Historic Average Inflow November 1997 through
March 1998
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Figures 36 through 39 show the El Nifio/La Nifia inflows to Lake Qkeechobee by
station for the period April 1998 through October 1998. The graphs have been ordered to
show the stations that contdbute the greatest inflows during this period to the Lake first
(Figure 36) to thosc that contribute the least (Figure 39). The historic average inflows
are also shown in these figures. :
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Figure 36. Inflow by Station vs. Historic Average Inflow April 1998 through Octaber 1998
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Figure 39. Inflow by Station vs. Historic Average Inflow April 1998 through October 1998

Caloosahatchee Extuary Inflows

Inflows to the Caloosahatchee Estuary downstream of the 879 spillway and lock
for the El Nifio and La Nifia period in comparison to historic average inflows are shown
in Figure 40, The 879 structure is located on the Caloosahatchee River approximately
6.5 miles east of the Interstate 75 bridge. Flows depicted in Figure 40 are based upon
mean monthly flows. The historic average was based on a period of record from May
1966 through August 1998 (DB Key 00865). Approximately 1.6 million acre-feet of
water beyond what would have been expected based upon historic monthly average flows
(2,064,674 vs. 422253 acre-feel) entered the Caloosahatchec Estuary from Lake
Okeechobee and tributary watersheds upstream of $79 from November 1997 through
May 1998. This was 389 percent more water than would have been introduced to the
Estuary had historic average flows occurred during this period. Table E-1 in Appendix
E contains the monthly average flows from November 1997 through October 1998 and
the historic average monthly flows for the Caloosahatchee River at $79.

45




PO o mmommm b o e e s £ s e e e g4 G SRR R e e —————m—mr

il

4

1000
FI Ning 1atvw
— B0
"
L
I
=
E
=
Lo a0

t

o .

= .

] '
u
]

H !

< anon !

Histnriral Average intlipw :

i

2000 / H

. —— i

L, .- . .

U i e e m————

Mew-B7 Dee-97  Jan-80 Peb-A0 M Ap AN Moy AR Jun 08 Jul 98 Awg 08 SepSf O 00

Figare ). Culowsohidvhes Estuary Monthly Inflows November 1997 through October 199X
v, Historie Monthly Averuge Flows ut 579

St. Lucie Bstuary tnflows

Figures 41 through 43 show the inflows to the 5t Lucie Lstuary downstream of
the 549, 580 and SY7 structures for the Ul Niflo/La Niiia period in comparison to historie
average inflows. 549 15 located on Canal 24, 2400 (eel wesl of the Sunshine State
Parkway. The 580 struciure 15 located on the St Lucie Canal about 8 milas southwest of
Sluart. Together with 5-308 {on Lake Okeechobee), S80 controls the easterly discharge
ol Lake Okeechobee to the Lstuary. The $97 structure is on Cunal 273, 3,300 fect west of
the Sunshine State Parkway.

Flows depicted in these figares are bused upon mean monthly (lows that arc
presented in Appendix K, Tables K2-F4. The histonc averages Tor each of the siations
were based upon varying penods of record (DB Keys 153777 (549), 12238 (S$80) and
15780 (897)). Dunng the periodd November 1997 through June 1998, the §t. Lucie
Fstuary received 212149 acre-Teet of waler beyond expected flow volumes bused upon
historic average monthly flow (1,356,534 acre-feet versus 414,385 acre-leet) from Lake
Okecchobee and local drainuge upstrcam ol these three flow-recording siles. The volume
difference was somewhat reduced by lower than average inflows from 849 and SY7 for
severil of the months during the LI Nifio event as depieted in Figures 30a und 3. The
maarity of the intlow to St. Lucie Estuary comes through 580 from Lake Okecchobee.
The 912,149 acre-feet was 205 percent more waler than would have been miroduced 1o
the estuary had historie average Nows occarred during this perioe,
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Outflows

Lake K issimmee

- Lake Kissimmee js the fast of the Upper Kissimmee Chain of Lakes. Releases
from Lake Kissimmee enter the C-38 Canal constructed in the 1960s to improve the
conveyance and navigability of the Kissimmee River. The C-38 Camal is the major
feeder to Lake Okeechobee and enters the Lake at the S65E. Figure 44 shows the
monthly average outflow from Lake Kissimmee during the 1997-98 El Nifio/La Nifta and
compares it 1o historic monthly average outflow. As seen in the figure, outflow for
December 1997 through April 1998 was signilicantly higher than the outflow bascd upon
higtoric record. The effect on Lake Okeechobee stages was discussed above.
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Figure 44. Lake Kissimmee Monthly Outflow November 1997 through QOctober 1998 vs.
Average Monthly Outflow at 565

Lake Istokpoga
The pattern of outflow from Lake Istokpoga, shown in Figure 45, is similar to
that for Lake Kissimmee above with the exception that there were observable uverage

monthly outflows from Lake Istokpogu during the months of August, September and
October 1998
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Lake Okeechobes

Table 4 shows the two basins that reccived the greatest flow volumes from |.ake
Okeechobee in calendar year 1998, Overall, the Caloosahatchee River and the Kt | ucie
Canal received 80.2 percent of the tetal outflow volume from the Lake that year. Based
on i period of record tom calendar year 1972 through calendar year 1998, the basins
would hive been expected Lo receive 33.8 percenl of the total outNow volume from the
Lakc. The 5t Lucie Canul and Estuary received 4.34 umes the Mow that it would have
normally received from Lake Okeechobee, The Caloosahatchee River and Estuary
reeeived nearly three-and-a-hall bines the expeeted flow volume from Lake Okecchobee
duning 1998, The (1998 owllows from Lake Okcechobee atl Stations S308_1 and 877_T
represented 689 percent and 64,3 percent of the (olal low volumes entenng the SL Lucie
and Caloosahatchee Estuaries. respectively,  The 5308 1. stmclure releases waler to the
5L Lueie Canal that eventually enters the St. Lucie Estoary at the $80 siructure discussed
above. Water from S77_T emers the Caloosahatchee River Howinge into the
Caloosahalchee Extuary e station 879 downstream.
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Table 4. Basins or Watersheds Receiving the Highest Percentage of Flows from Lake

Okeechobee — 1997-98

Historic | 1997-98
: Amnual | Annual % of % of 1998
AREA (Station) Average | Average | Total Total | Outflow/
Flow Flow Outflow | Qutflow | Average
(cfs) (cfs) 1998 | Average | Outflow
St. Lucie Canal (8308_L) 266 1523 32.7 18.8 5.72
| Caloosahatchee River (§77_T) 628 2336 50.1 44.3 3.72
Total (two areas) 894 3859 82.8 63.1 432
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The percent increase or decrease in outflow from Lake Okeechobee in
comparison to historic average values for the seven flow-recording stations at which
outflow from the Luke occurs is shown in Figure 46. The largest differences are
outflows at S308_L. and §77_T. The largest percent decrease in outflow was at station
L8.441. This structure governs flow to the L8 Canal that fecds the West Palm Beach
Canal and Water Conservation Area 1 (WCA 1). The inability of the WCAs to accept
additional water was discussed above.

Figure 46. Percent Increase/Decrease in Oulflows from Lake Okeechobee
- 1997.98 vs, Historic Average
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Figure 47 shows the outllow rom Lake Okeechobee hy month and compares
those values 0 historic monthly averages.  Again, the difference between L Nifio
ouflow and historic average ts cvident during Junuary through June 1998, Also note,
there is ner inflow 1o the Lake dunng August and Seplember TO98, a consequence of La
Nita induced weather pallerns.
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Figure 7. Average Moathly Oniflow from Lake Qkeechober v, Historie Average Mouthly
Eatflaw Nevember 1897 thraugh Ortober 1998

Figures 48 and 49 are similar w0 Fipures 32 through 3 above, excepl they
present duta on outflow ag opposed to inflow for cuch of the oulfllow recording stations
on Lake Okeechobee. Nole, in Figure 48, 1he greatcst outflows during the El Nifio
period are al stutions S308_L and §77_T, controlling low o the S, Locie Canal and
Caloosahalches River, respectively. During the La Nifia months (April through Qclober
1998). flows 10 the Caloosshalchee and S10 Lucie continued 1© dominute outflows by
significantly excecding historie average outflow at S308_L and S77_T as shown in
Flgure 49
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SUMN’ARV, CONCILIUSIONS AND RECOMMENDATIONS
Summury

This report examined ruinfall, evapolrnspiration, like and impoundment stages,
groundwater table elevations and flaws into and out of major lakes ind impoundments
from November 1997 through October 1998 in the region covered by the South Flonida
Water Management District. I assessed the hydrologic impacts o two important,
repeating weather patterns on Central and South Florida water resources, El Nifio and La
Nifia.  In some insiances. two periods were used, one from November 1997 through
March 1998 and the other from April 1998 through Oclober 1998, The first perod
capturcs Lhe onset o an Ll Niflo weather pattern; the second period, the effects ol La
M induced weather,

From November 1997 1hough March 1998, a total of 2391 inches of rain fell
throughout the Distnel. This caceeded histonc average rainfall for this period by 13.03
inches. The grealest deviation from hisloric average ruinfal] amounts was obscrved in the
Upper and Lower Kissimmee rain arcos, They received 16.53 and 21.38 inches of ran
above average, respectively, during this penod.

From Aprl 1998 through Qctober 1998, the District received an average of 3(L98
inches of rain, 10.88 inches less than expected bysed on the historie record. The Dade
rain arca {Eastern Miami-Dade County) received 19.71 inches less than usual and the
Palm Beach ratn arca (most of Palm Beach County), 18.85 inches less. For the entire
year, Trom November 1997 through Oclober 1998, the Upper Kissimmee arca
experienced the greatest net increase in raintall, 20.91 inches above the historie average.
‘The West Ag rain arei and the Dude rain area expencnced lower than average rainfull lor
the year starting November 1997, -9.90 und -9.16 inches, respectively.

During the period November 1997 through Muarch 1998, estimated potential
evapolranspiration rates were gencrally lower than historic average values. 'The greiest
deviations in evapotranspiration occurred at one station in Lake Okegchobee, 2.84 inches
helow uverage.

In March 1998, the stage in Lake Okeechobee reached 1843 Teet NGVD, the
(hird highest water surface clevation recorded since 1931, 'This record stage was due
excessive rainfall in the areas contributing Now (o the Lake, principally the Upper and
Lower Kissimmee rain arcus,  Prom mid November 1997 through October 1998, waler
levels were consisiently ubove historic monthly average values,

The El Nifu- and La Nifa-influcnced weather patierns also alfected sroundwater
tuble clevations in all of the key-indicutor wells monitlored by the Thstnel. These wells
tmonitoe groundwater ¢levations in all of the major aquilers underlying the Distriel. The
maximum deviation above historie average values was observed ae Well L-731 in the
Sandstone aquifer in the Southwest Coasl run area. The weeorded waler level was 7.98
lcet higher thun the histonic average in March 1998, The nmuaximum deviation helow
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historic groundwater table levels was observed at Station L-581 also in the Southwest
Coast rain area. This well, in the Mid-Hawthorn dquifér, was 17.22 feet below historic
average level in July 1998. The water levels in both of these wells reflect local pumping
demand and long-term trends as well as the response to the El Nifio and La Nifia events.
Both wells are located in confined aquifers and respond quickly to stresses induced by

purnping.

Four areas contributed 89 percent of the inflow to Lake Okeechobee in 1998.
They were the Upper and Lower Kisasimmee areas, the Fishealing Creek area, the area
contributing flow to the S84 gate and the area contributing flow to the S71 structure. On
average, the inflow to Lake Okeechobes was 2.37 times the histeric meun flow. Two
mujor waterways received 83 percent of the outflow from Lake Okeechobee in 1998.
They were the Calovsahatchee River and the St Lucie Canal. The Caloosahaichee
Estuary received 379 percent more water than expected from November 1997 through
October 1998 based on the flow at §79. The St. Lucie Estuary receivéd 205 percent more
water than expecied aver the same period based on flows recorded at 549, $80 and 897.

Conclusions

The hydrologic effects of El Nifio- and La Nifia<induced weather patterns
observed in Central and South Florida from November 1997 through October 1998 were
exceptional and extreme. They were consistent with the impacts experienced during
previous El Nifio and La Nifia events. El Niflo and La Nifia weather patterns occur on an
imegular but, predictable or foreseeable basis. The effects on stages, flows,
cvapotranspiration and groundwater table elevations are regional in nature and are not
wel] reprasented by District-wida summary statistics. In this report, rain areas facilitated
the regional analysis and presentation of this data.

During the El Nifio period examined, the effect of excessive rainfull un increased
flows and stages was compounded by the fact that evapotranspiration rates were lower.

Taking 4 system-wide view of the impacts of the El Nifio and La Nifla weather on
water resources, one overwhelming conclusion becurne apparent. By March 1998, water
in the system managed by the South Florida Water Management District had nowhere to
go. Lake Okeechobee was at dangerously high levels, all of the upper lakes including
Kissimmeg and Istokpoga were at regulation levels, the Water Conservation Areas could
not accommeodate additional flow and flows that had the potential to negatively impact
the Caloosahatchee and St. Lugie estuaries were already being released.

Recommendatlons

If the stage in Lake Okeechobee is an indicator, the 1997-98 El Nifio event had u
return period of less than 100 ycars. Given that El Nifio occurs on a fairly frequent basis
(every two to five years) and that the frequency of extreme events is expecled 10 increase,
the District should expect o encounter ¢vents of similar magnitude and impact in the near
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luture. It is recommended that a review of operational responses (o the 1997-98 El Nino
be vonducted with an emphasis on cxamining strategies for managing the system 1o
minimize financial and environmenal impacts. Tn dealing with an event like the 1997-98
El Nifio, & systematic response is uppropriate and necessary.  Information systems and
decision tools that are adequate For prompt and correct operutional responses on i
system-wide busis wre required for these types of cvents and should be prototyped.
cvuluated and implemented.

The monitoring network and database (or Distnet-wide assessment of rainfall,
ground water and evapotranspiration should be reviewed and improved.  Redundant
rainfall and cvapotranspiration stations need to be eliminated if possible, Frequeney of
database updines and availabilily of groundwater data in DBHYDRO should be
examined. Overall, quality of data for rainlall, groundwalter and cvapotranspiralion needs
to be improved. A balance belween District-wide and project- qmum data nceds should
cuide a syslemutie, periodic review process,

Finally, an inconsistency in the boundaries of drainupe basing (vsed by (he
Watcrshed Research and Planning Department) and raim areas (used by the Waler
Resources Operabions) caists, Njs recommended that the rain area boundaries be allerad
o coincide with the drainage area boundanics. This will also require ¢changes in some
drainage basin boundarics as well, The modifications would, in most cases, be minor.
This would facilitate neeessing intormation From DBHYDRO on a rain arca basis.
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Appendix A

Hydrologic and Hydraulic Data Recording Stations
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Tuable A1, Rain Gage Stations

SEED

DB Key |

...Station 1D

Rain Area

IA-SW_R

(106

TAMITRAD 1

[627H
16623

SINL 3R

KVERGT. 2R

L6708

RACOON 1°T

(i 147

NP 205

(I U NS DAV P

GG6163 NP-OAS T
HITUKE NIWLVC
5997 836.R 2
5801 G54 R 7
5807 GHIT REAR » T
5850 FT.1UAUN_R 2
6177 FORT LAU R 5 .
15149 ] T RRNN 2 '
16378 5129 R YT
16579 SI3_R K
ez 17T svinR 2 -.
16613 'IL T i
16614 | HOLLYWOOD g

6680

BMA R

16682
o

833_R

A VAFARL R

tsfea|ta

5052 LALELLE R 3
0K KERI TOW_R 0
6151 nGsi n 37T
15463 WHIDDEN3_R 3
15498 O STRW 1
15740 577 3
16203 RITTA (B R 3
C 16668 CV3_R 3
T S20F R 4
5817 SR i
SKIK S18C_R 1
6172 MIAMI BI,_R 3
6174 MIAMILALP R Y
6175 T IIATEANLR 4
T0Us NI-1PR R
15083 S 4
(5237 NP-LVH 4
15703 SYLVA G A
16020 HOMES FS_R 4
s T §173 T
10393 TAMI AIR R 4
650 PERRINI_R 3
L e

LGOS

o

530 R

02
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Table Al. Rain Gage Stations - continued

DB Key Station ID Rain Area
16616 NDADER _ 4
16628 82T R . 4
16629 5§20 R i
L6661 S33E_R 4.
16684 5287 R 4
16685 5297 R 4
16686 S26_R 4
16689 521 R 4
16650 S21A_R 4
16691 520G_R 4
16701 IICMES.AFB 4
16703 HIALEAH W 4
18713 $336_R 4

DOS5SS MBTS 4
DLI524 MIAMLFS_R 4
H2003 NP-ROB 4
HB§72 NP-IF3 4
HH352 PERRINE 4W 4
5835 EAST SHO R 5
5837 PELLAKI_R 5
SR30 PAHOKEE2 R 5
5870 §2_ R 5
5879 54 R 5
5965 SFCD_R 5
6125 PEL LAK? R 5
6157 CANALTZ_R 5
6148 CLEW.R 5
6227 S3_R 5
15182 EAA2 5
15183 EAAl 5
15184 EAAS 5
15154 MIAMILO R 5
15199 SOUTH BA_R 5
15200 BELLE GL_R 5
15201 PAHOKEEI_R 3
15202 SSA_R 5
15203 S6.R 5
15204 87_R 5
15205 S8_R 5
15238 BEAA4 5
15517 CFSW 5
15851 ENRI101_R h]
13861 ENRIOS_R 5
15862 ENR40]1_R 5

X!




Table Al. Rain GGage Stations - continued

DB Key Station ID Rain Area
15874 LINR203 R 5
15877 ENRAOI_R 5 |
15885 ""ENRF0B R 5 ]
1619 PEL 23_R 5
16205 TOWNSITE R 7 5
16551 AL 5
16598 G0 R 5
100473 S55AY K 5
1661 S5AX R 5
16646 S67,_R 3
16653 Se7_lk 5
16670 G200 R 5
16702 CANAL PT_R 5
D194 NNRC.51% 5
D542 DUP3 R 3
120543 “G200A_R s
15744 ENRP 5
[ Thos G6H00_R 5T
5833 CAST SII0 R 6
SKas SI33_R 6
849 | T TSI R b
5851 812U R 6
[ sk70 $1 R o
SR79 SAR G
3853 LOKLEM R | 0o
S FAST BEA_R 6
(020 OKERFE TG
6053 UALMDALL R o
bUk4 ARCHBOLD_R 3
6096 T DRSOTOT R e T
6102 OKLI FOR_R 6
6137 T DESOTO ¢_R 6
0153 1IGS6 R )
6157 CANAL P2 R o
6205 ARCHBO 2_R o
6227 SI_n 0 ’
(2513 1.003 6
13524 1006 f
1308 BT R e
15151 INDIANPM b
13375 JUDSON_R o
15577 BASSETT R o]
15580 OPALL_R o
15587 ARS B R 0
13583 MOBLIEY R 6




Table Al. Rain Gage Stations - continued

DB Key Station ID Rain Area
15947 A308 6
16021 1001 6
16038 ABGL 6
16192 DAVIEZ R 6
16220 AI2T R 6
16222 WILLIAMS L]
16284 S127_K 6
16283 OKEEF 2 R 6
16289 S308_R 6
16511 TAYLC_R 6
16550 AHYC 6
16551 A310 6
16568 RAULERS_R 6
16582 5153 R 6
16693 5352.R 5
19544 S131.R 5
[EPYEE) SII_R 6
5852 ELMAX_R 7
5854 AVONP_R 7
5855 SEBRING_R _ 7
5836 MICCO_R 7
5857 BASING_R 7
5838 PEAVINE_R 7
5871 MAXCEY N_R 7
5872 TICK ISL_R 7
5873 MCARTH R 7
5878 GRIFFITH_R 7
5877 MAXCEY 5_R 7
5878 GAC_R 7
5940 S65_R 7
5581 S65A_R 7
6024 S€5C_R 7
G066 363_R 7
7507 FLYING G_R 7
7522 LARSONI_R 7
7579 LAMB_R 7
7580 RUCKSWF_R 7
12457 DRYLIRLR 7
12556 lLARSONZF_R 7
12777 GS0_R 7
1628) S65D_R_ 7
16282 565B_R 7
16399 S84 7
16655 S82_R 7
16656 S83_R 7
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Table A1, Rain Gage Stations - continued

DB Key Station 1D | Rain Arca
16663 575 R 7
16666  ST2R 7
16667 571 R 7
195472 S65L R 7
119543 S70_R 7

T FIZRG KREFR 7
FZ 600 KRBNR 7
5848 COW CRLL R "
SHH8 JUPITER_R 8
5914 T BLUEGOOS_R n

" aom CSCOTTOG_R n
o043 TIAYES R B

_ 66 | TTPILRC R 8
615] FORT PIF_R R
6187 STUART | R 8
15730 5IRG 3
Teds | TUssR g

16589 840 R s
16591 TP s R R
16627 SY97_R ¥

16672 [T B
10673 546 R R
1273 VWX N

T G0339 WX B
D754 SCOTTO 8
5702 LWD.RANG R t

5Ty | LWDIPOWE R 9
379 POMDP AN 177 e
IYTE LWL.L3EM K )
5893 LWILLI9R_R 9 ]

" 506 PLANTINR | 97
6127 PRATT AN_R 1
6179 POMPANOR R 9
0152 WPDB AIRP R D)

1 6176 LWIDGA_R 9

TE0n LWINE L3R 9
(298 TTUTWDHMILR T 9
6201 LWL | 7
6302 LWDL78 R y
6306 LWILHO_R y
032t LWDL22 R o
6322 TWD.LI2_R 9
15201 S5A_T Ty T
165%3 S157 R 3
1660 CIsW R )

tilx
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Table Al, Rain Gage Stations - continued

P

DB Key Statlon ID Rain Area
16611 Q56 R 9
16630 DELRAY BCH 9
16674 $44_R 9
16675 S4_R 9
16676 S40_R 9

GAR3Z WPBFS_R 9
5916 CORK.HQ_R 10
5972 NAPLLS C_R 10
A978 COLLIER R 1¢
5086 CCWWTP_R 10
6019 SILVER S_R 10
6022 FAKAHATC_R 10
G0R1 SLEE_R 10
6082 IMMOKA 2 R 10
6087 MILES CI_R 10
6080 COPELAND_R 10
6090 NAPLEST R 10
6193 FT MEYER_R 10
13464 LEHIGH W_R 10
16414 579 R 10
16594 FORT MEY_R 10
16600 BONITA S5_R 10
16623 EVERQL 2_R 10
16633 NAPLES R 10
D1230 GOLD75 10
DJ231 NNAPFS42 10
DJ232 CORKISL 10

DO534 951EXT_R 10

DO535 COCOI_R 10

DO%41 CORK_R 10

D523 IMMDKALE R 10

DU523 GOLDF52 )

DU526 BCBNAPLE R 10

DU533 COLLISEM 10

DU536 COLGOV_R 10

DU537 DANHP_R 10
FZ598 FPWX 10
H1938 NPF-EVC 10
5700 REEDGWIO_R 1
5841 CREEK_R 1
5862 KIRCHOFF_R 11
5868 S6I.R 1
5876 PINE ISL_R 11
5884 L. MARIOZ_R T
5902 CHAPMAN_R I
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Table Al. Rain Gape Stations - continued

DB Key Station ID Rain Area
5912 SNIVELY_R T
5940 865 R TR
5040 INDIAN . I i
5963 BLEELING R 1]
602 1 FOINCIL_R 1
6042 TAFT_R I
GIAY KISS 2 R ]
| o308 KISS F5_R '
068067 KLNANS| K T
15423 SUING.RG L1
16567 859 R 1
6540 KIsSssP G I L R
16619 STCLOUD_R L1
10634 M COY "
1546 WRWX 1
H2447 BREK_R T
117450 MODNL R T
HEO70 CHEST_R 1 :
“HAdGY AR 1 !
1A LXOTR T
15202 S3A R 12
15204 57 R 12
Ci6175 CIAI6_R E
| 16373 5194 1t iR
16639 CORAL SP W 12
16640 CORAL SIY 12
| 16677 539 R 12
16079 $38_R 12
- ptsrs ENRIOG R 12
DUSTY WOA M 12
LUSS1 LOXWS 17
SHG3 SANW_R | 13
3HO4 3A-NE_R TR
[ 5808 1A-5. R 13
(055 RN R 13
6166 TAMITRAQ R 13
L7 59 R E
1504 SR 13
TR TR R 1
15500 S110W i
_ese2 o TAMIAMICN L3
L6632 MIAMI 2 1t E
1312 ANLY TOWN W 13
| Lo6sY . 1 P S L3
| L6705 L MIRAMAR R L3
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Table AL. Rain Gage Stations - continued

| DB Key Station ID Rain Area
16706 SWEETWATER E)
16707 COOFPER_R 13
HEC941 JA-S R 13
15197 ALICO R 14
15506 S140W 14
1568% BIGCY SIR 14
16598 Gilg_R 14
16671 Gl55_ R 14
GE354 ROTNWX 14
V150 DEVILS R 14
V15| PAIGE_R 14
5967 5331 R 15
5970 5332_R 15
6038 NP-P35 15
6039 NP-P38 15
6040 NP-203 15
6044 NP-201 LS
6055 SI2D_R L5
6166 TAMITR40_R 15
6202 ROYAL PA_R 15
6210 FLAMIN 2_R 15
16584 S174_R 15
16585 5177 R 15
16592 TAMIAMI_CN 15
16709 CHEKIKA EV 15
GCh 149 NP-202 15
G6152 NP-P33 15
G6155 NP-206 15
H1969 NP-127 15
111974 WP-N10 15
H1975 NP-Al3 15
H1994 NP-311 15
111998 NP-P34 15
H1999 NP-P35 15
H2001 NP-P37 15
H2004 NP-RPL. 15
H2005 NP-FMB 15
H243K NP-CR2 15
H6053 NP-CHP 15
HE055 NP-OT3 15
116056 NP-RG) 15
116058 NP-RCR 15

69




0L

6661-7EGL  |9E8'D9SFOF  BROANSILE WiE-THO NOLYLS HI-1w3ss JEE-5 M .ECS Y| gsza.
6561 7541 ZIE L2ECER  WESZELHE ETI33Z ki 33437 HOIHZAKI H¥IY S LYLS d3 e LR BoEH | EeRs| 085s

GGG L2561 ) ._..._“n...”..mmm..mwn R PrhLES NOILLFAHS S 3 WWIANT 310 WES S SS3HdAD D HIT AD D IZess| z. .
BEGL-Z561  |RBEFIISL.1 TOORIEELE BE-0 TYNYD NO A¥AIT S D525 HYSN NCIWLS vabLwas]  mosesieirsl  |eows.
EeELERBl  |SiE@Eiv0E BEFTSSG2L i941 HLNOE ¥3410 L 3380HTTF0 qu.._._. ooes .62l lzesz,

PI0RY A3 94 | A2 8a
Jo pouag ploox-§  ploOdY uopdimsa([ uonEls uonels | IATY | 1dVY

i _

suone)§ voneardsursjodeay "7y alqe



Table A3. Stage Recording Stations

Station ID Station Descriptlon DBHYDRO Key
344 CAJA-2 Corps Well in C.A. 3A Marsh near $-11 (63) 15943
IA-4 CA3A-4 Corps Well in C.A. 3A Marsh (64) 15943"
JA-28 CA3A-28 Corps Well in C.A. 3A Marsh near 5-12 (65) 15943

L OKEE Lake Okeechobes FL 15611
865 5-63 Spillway on Lake Kissimmec at Canal C-38 12585
S511B_S§ 5-11B Spillway in Leves L-383W from C.A,. 2A> C.A 3A 15259
557 H 5-57 Culvert Headwater oh Canal C-30 at Lake Mary Janc 15526
558,11 §-58 Culvert on Canal C-32 s Fla. Highway 532 15529
559 H 5-59 Spillway an Canal C-31 at E. Lake Tohopekaliga 15531
360 H 3-60 Spillway on Canal C-33 at Lake Alllgator 15534
861 H §-61 Spillway Headwater on Canal C-35 at l.ake Tohupekatipa 15538
562 1 5-62 Spillway on Canal C-29 at Lake Hart 15537
363 _H §5-63 Spillway on Canal -34 al Lake Gentry 15540
1.7 CAI-7 Corps RainfWell in Center of C.A. | Morsh (141) 15808
1-8C CA1-8C Corps Stage in Leves [.-40 near Boal Ramp 15810
1-8T CAI-8T Corps Telemnetry Suage East of C.A. 1 Matsh 15809
1-9 CA1-9 Comps Rain/Well in Southeast C.A, 1 Marsh 15811
S68_H 5-68 Spillway Headwater on Lake [siokpoga L5956
2A-17=B CA2A-17 Corps Rain/Well South-ceniral C.A. 2A Marsh 16016

Nntza: ' A aingle 3B Key is used to report the average vadue from all dee Stape gages for WCA 34
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Appendix B

Monthly Rainfall Amounts El Nifio/La Niiia vs.
Monthly Historic Averages and Deviation from Historic
Record in Percent
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Figure B15. Lower Kissimmee Rain Area Monthly Rainfall November 1997 through
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Figure B20. Palm Beach Rain Area Deviation from Historic Monthly Average Rainfall
November 1997 through October 1998
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87




Hatn*all { 7y

% Jgw W In

fon

1AR

104

nilo-

a0

Ty

-EBAmmtat
Bumisrns Arridge

Nac.n7z Jaa-0A Fas-na Mar e Anps MR May DB lunm MK Jalna Bucg IH Hap B4

Figure B25. WCA 142 Rain Area Monthly Rainfall November 1997 through October
1998 vy, Historre Monthily Average Ramfull

Wav.a? DAz a7 dan BR Eah 94 Mav T8 A OF Maw A din b ERI Aua Wil iap @y

Figrre B26. WCA 1&2 Rain Arca Percent Deviation from Historic Moathiv Average
Rainfull Novewdrer 1997 through October 1998

HE

@ulody

uctHn



Paindall {in)

O 5 g -- - - o mEE w e rme e e e oo

and

A e s e R — L — Y [ o s s s

. i-ﬂ atninil
JEHaricar Aracagh

Mow-87 Deg-97  Jan-@8  FMap-#d  Mar%d  Apr-28  May-E0 Jun-pg Jul-BB  Aup-98  BapD-98  OciAB
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Appendix C

Deviation in Monthly Average Eslimated Potential
Evapotranspiration Nifo/L.a Nifia vs. Monthly Historic
Averages at Four Meteorological Stations
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Figure CI. Deviction in Mointhly Average Extimaied Evapotranspiration from Monthiy
Historic Averages at Station S65CW November 1997 through Geiober 1998
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Figure C2. Devigtion in Mauthty Average Extimated Evapotranspiration from Mauonthiy
Historic Averaves at Stetion BIG_CY_SIR November 1997 through Ocioher 1998
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Figure C4. Deviation in Monthly Average Estimated Evapotranspiration from Monthly
Historic Averages at Station $331W November 1997 through October 1998
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Appendix D

Deviation in Monthly Average Ground Water Table
Levels Nino/La Niiia vs, Monthly Historic Averages at
‘Twelve Key Indicator Wells
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Figure D1. Deviation in Monthly Avemge Ground Water Table Levels from Monthly
Historic Averages at Well G-1183 in Dade County November 1997 through
October 1998
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Figure D2. Deviation in Monthly Average Ground Water Table Levels from Monthly
Historic Averages et Well G-1251 in Everglades National Park Navemher 1997 through
- Qetober 1998
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Figure 3. Deviation in Monihly Average Cround Water Tuble Levels from Monthly
Historic Averages at Well (7 833 in Broward County November (997 through
October 1998
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Figure M. Deviation in Monthiv Average Grownd Water Table Levels from Monthiy
Histovie Averages at Well M- 1090 in Martin Cownty Novensher 1997 theoneh
Cctober 1998

ns

[r AT ]

Sl



it MiEkn M &

Dmsation i GYrieewsd irom Hislsste Sverwps ()

29

180 -

pan |-

qaoq

-1 0a 3o

2.00 {--

Maov-3/ Dug-37 Janl Fab-D& Mar-da apt i wWay-88 Jun-go dul-ol Aug-0d Hup.00 dai-BN

Figure D5, Deviation in Monthly Average Ground Water Table Levels from Monthly
Historic Averages at Well STL-125 in St. Lucie County November 1997 through
October 1998

Hov-57 Dwa-#7T Jun-0a LELE 1] Mgr-98 Aapt May-38 Jun-gl Juk-Bh Ayg-#8 Asp-20 Qcl-38

Figure D6. Deviation in Monthly Average Ground Water Table Levels fram Monthly
Historic Averages ar Well L-730 in the Lower West Coust November 1997 through
October 1998
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Figure 7. Deviation in Monthly Average Ground Water Table Levels from Monthly
Historic Averayes at Well C-492 in the Lower West Coust November 1997 through
Ocraber 1998
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Figure D9. Deviation in Monthly Average Ground Water Table Levels from Monthly
Historic Averages at Well L-581 in the Lower West Coast November 1997 through
October 1998 :
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Flgure D10. Deviation in Monthly Average Ground Water Table Levels from Monthly
Historic Averages at Welf OK-1 in Okeechobee County November 1997 through
October 1998
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Figure DI1. Deviation in Monthly Average Ground Water Table Levels from Monthly

Historie Averagvs - Well et Lake Jeel in Osceala County November 1997 througeh
Cctober 1998

Wyl dun-ye Jyt-ag Aupg-93 Suep-un

L B Apriyl
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Appendix E

Monthly Average Inflows for the Caloosahatchee River
at S79 and and St. Lucie Estuary at S49, S80 and $97
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Table EL. Caloosabatchee River at 879 - Monthly Inflow

KiNifio/ | Historic
La Nina | Average

Flow Flow
{cf’s) (els)
(DR Key) | (DJ237) (00805)
NOVYT | 36003 UE7.46
Dee-07 | 2639020 06424 |
Tan-98 5290.35 123141
Fech-98 i R3NE0 LS1R.15

Mur 98 14360 TR0

6li4 - 1296.33
1947 81 721.36
4125 944,96
ul 98 1 73516 2393.37
Aug 9% | 292839 2812
| Sepu¥ | 258627 | 233093
Ocths | 91823 2007.32

Table [£2, 5t. Lucie Lstuary at 549 — Monthly Inflow

El Nifo / Hisloric
La Niha | Average
Flow Flow
{clx) (cfs)
(NG Key) {Iarth {4790
 Nov 97 00455 1147
Dec 97 | 21531 49,57
FRTE). 29241 9278
Feh-08 | 53].06 B2 88
Mar-98 195,70 01 44
Apr-G8 A0l 4418
May-9% | 19047 |  71.a1 |
Tun 98 B B TV
| JnioR ofA3 |7 2dbey
1 Ausb8 | 28700 206614
Sep-98 | ©HOM0 3371
Ot 98 14706 71488
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Table E3. St. Luci¢ Estuary at 880°- Monthly Inflow

El Niiio /| Historic
La Nifia | Average
Flow Flow
(cfs) (efs)
(DB Key) | (DJ238) (00286)
Mov-97 §.37 957.79
Dec-97 616 555.05
Jan-08 2208.68 50096
Feh-98 40635 §53.86
Mar-93 715242 761,84
Apr-98 4450.83 811.84
May 98 | §88.74 382.85
Jun-98 3173 576.29
Tul-98 11.13 838.49
Aug08 | 10097 1224.11
Sep-98 | 87733 939.8
Oct-98 148.74 1101.72

Table E4. St. Lucie Estuary at $97 - Monthly Inflow

ElNifdo/ | Historic
La Nina | Average
Flow Flow
(cfs) {cts)
(DB Key) (13780) {0455
Nov-97 450,39 253.88
Dec-97 O.la 18028
Jan-98 198.11 23223
Feb98 5864 230.56
Mar-98 265.34 194.01
Apr-98 0.07 138.79
May-93 016 72.67
Jun-98 0 22343
Jul-98 0.1 306.25
Aug-98 209.99 338,11
Sep-98 340.86 30694
Oct-98 49,34 3Ll
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