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ABSTRACT

This report brovides statistical information on rainfall drought frequency and on the
availability of surface water in Martin County. This analysis is.part of a comprehensive study

" by the South Fiorida Water Managément District to assist Martin County in their water
resources pianning. The discussion consists of four sections . The first section describes the
background and objectives of this study, the connaotation of surface water availability, and

" the definition of C-44 inflow. Se&ion II describes pfocedures used to prépare data for
statistical anélysis. The C-44 inflo'w record was extended by regression with rainfall and the
accleptability of the extension was examined. Section III describes procedures used to |
conduct frequency analyses on the rainfall and C-44 inflow data. The results are presented in
a series of frequency curves in the Appendix and the same information is summarized in four
isofrequency diagrams (pages 14 to 17). 'Inte.rpretation and use of the frequency information
isillustrated. The final section discusses the implications of the frequency infarmation,
reiterates the Iimitatiéns and assumptions made, and recommends alternatives to increase
water availability in Martin County. The re;ults of this analysis indicate that while the C-44
inflow is plentiful during the wet months, it is inadequate to meet the current demand
during part of the dry season, and that supplemental releases from Lake Okeechobee are

needed for a duration of about one month in a normal year to three months once in 10 years.
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I. INTRODUCTION

As a result of the February 15, 1984 meeting between the South Florida Water
Management District (SFWMD) and Martin County, the SFWMD outlined a scope of study to
assist Martin County in their water resources planning. The study goal is stated in the
documentation of “Martin County: SFWMD Water Resources Planning Assistance Program”
as:

The study will provide the Martin Countf Board of County Commissioners with an

analysis of water availability and will provide water resource planning

recommendations to be u;sed for the cou_nty’# future growth management
strategies.

As part of a comprehensive study, the Water Resources Division of the SFWMD is
committed to provide analyses on rainfall drought frequency and 6n the availability of
surface water in Martin County. A major objective is to quantify the availability of C-44
canal water that can be developed for use in Stuart and other rap:diy growing urban areas
in Martin County. Thns report documents the results of the above analysaes.

The major source of surface water in Martin County is from C-44 (St Lucie Canal). A
minor source of water can also be obtained from C-23, whicH lies on the boundary of 5t Lucie
and Martin Counties. A decision has been made, however, to exciude C-23 in this study
because the major portion of the drainage area of C-23 lies within St Lucie County, and the
availability of canal water in C-23 has been known to be limited.

Surface water can be obtained from C-44 by direct_withd rawal or by diversion and
interception of secondary canal inflows to the canal. An analysis of surface water availability
in Martin County is equivalent to analyzing the availability of C-44 inflow. In this repart C-44
inflow refers to the portion generated within the canal basin. The portion contributed by

Lake Okeechobee is excluded in the anaiysis because it invoives a policy decision of how Lake




Okeechobee storage should be shared among all counties. A SFWMD water supply

' (computer) model can be used as a tool to address the second question.

Rainfall and flow are highly variable entities. The variability must be quantified in
such a way that water resources planning can be made. The goal of this report is to make
available a comprehensive series of diagrams depicting the drought frequency distribution
of rainfall and surface water availability.

Section Il describes procedures used to prepare the rainfall and C-44 inflow data for
this analysis. The inflow record is limited and an extension of the historical record by
regréssion is necessary. A num‘ber of regression models were compared 1o select the most
appropriate one. The suita'bility.of the extension was also examined. Section IiI describes
procedures used to conld uct f-requency distribution analyses on the rainlfall and inflow data
for both calendar months and for durations of one to twelve months. The results are
presented in a series of frequehcylf distribution curves in the appen&ix and the sahe
informaﬁon is summarized in faur isofrequency diagrams {pages 14 through 17). The
usefulness of these diagrams depends on their proper interpretation and application. The
intention of Section I11 is to provide such explanations. The final section discusses the
implications of the frequency diagrams, reiterates the limitations and assumptions made,

and recommends aliternatives to increase water avaitability in Martin County.




- II. DATA PREPARATION

Relatively long and good quality rainfall data are availabie for this anaiysis. The C-44
inflow data, on the other hand, are not entirely adequate. The quality of the 5-308 discharge
datais affected by the-difficulty in quantifying the lock flow, and the record is too short for
rigorous frequency analysis. This section describes procedures used to calibrate the flow
data, té extend the flow record, ar;ld to examine the suitability of the extension.

Tw§ I ong term rainfall stations are available within the C-44 basin, ane located at

- 5-80 (5t Lucie Lock, MRF-7035) and the other at S-308 (Port Mayaca, MRF-S1). The quality of
data is generally good with relatively few missing records. Since these two stations are
located at the two ends of the C-44 basin, thé mean basin rainfail was calculated as the
arithrﬁe‘tic average of the data from these stations. A total of 31 years of data, covering the
period 1952 to 1983, was used for the present rainfall frequency analysis.

The C-44 inflow was calculated as the difference in discharges of 5-80 and 5-308, and
adjusted for storage change in the channel. Because of the way it was calculated, the C-44
inflow included the e'ffect of the existing (1978-1983) canal water usage in the basin. The
calcutated inflow represented the net amount availabie for additional usage as of the
conditions in 1978-1983. If calculated inflow was negative, it represented the amount
supplemented by Lake Okeechobee. Figure 1 shows the 19791and use patternin the C-44
basin, which is considered representative of the 1978-1983 study period. Any major change
inland use within the C-44 basin from 1979 may increase or decrease the canal water
availability. The canal water availability presented here must then be adjusted accordingly if
the change is significant.

Discharge data for both 5-80 and S-308 were obtained from the USGS. The USGS data
for S-308, however, included only the spillway flow, the lock flow was excluded. Morgover,
at the date of this report, only six years of data for $-308 were available because the structure

did not exist prior to 1978. Two adjustments of the S-308 data, therefore, were necessary.
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First, the lock flow must be included. Seéond, the limited record must be extended if
pﬁssible.

The adjustments of 5-308 data were based on work done by Alvin Castre (SFWM b)
who apphed the South Florida Water Management Model to the Upper East Coast of Florida.
Essentially, the adjustments were based an a mass balance method taking into account the
stage difference between Lake Okeechobee and C-44 when the lock was open. Description
and application of the computer model can be found in SFWMD Technical Publication 84-3.

The C-44 inflow record was extended by regression with rainfall. The usefulness of
the extension is related tothe degree of correlation . The first step was to search fora
regression model that would optimize the correlation._ A number of regression models were
examined. These inciuded simple linear regression of inflow versus rainfall, regression of
inflow versus rainfall on each caiendar month tb account for the seasonality effect, and
multiple regression of inflow versus concurrent and antecedent rainfall of different
durations to account for fhe antecedent wetness effect. Stepwise multiple regression and

'graphical plots were used to assist in the selection. Although more complex regression
models always improved the correlation coefficient, the improverﬁents were found to be too
small {less than 0.04) to warrant their usage. Atthe end, a simple linear regression model of
monthly inflow vérsus monthly rainfall was selected. This regression equation has a
correlation coefficient of 0.72 and is plotted in Figure 2.

Two questions arose after the selection of an appropriate regression model. First,
how long the record shouid be extended, anci second, whether the extended record will
improve tﬁe statistical information. Linear regression with correlation coefficient less than
one has a tendency to reduce the variance of the predictions, except when the independent
variables used in the extension have greater variability to compensate the reduction. To
assure that the extension is worthwhile, a statistical F-test was used to com pa-re the variance
before and after the extension. A criterion was set such that if the variance was significantly

reduced, the extension would be rejected.



C-44 INFLOMW (1978.,1983)
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Note: One inch inflow equals 11731 acre-ft, based on basin area of 130772 acres.

Figure 2. C-44inflow and Rainfall Relationship

The original record was extended backward from 1978 to 1969, 1960, and 1952. The
F-testindicated that, within one percent significaﬁce, the extended record back to 1969 was
acceptable; beyond 1969, the variance would be significantly reduced. Based on the F-test
results, the C-44 inflow record was r.;xtended backward to 1969. The rainfall and C-44 inflow
data (original and extended) are shown in Table 1.

Some implications can be derived from the regression eguation. The negative
intercept (-0.056 ) indicates that there is a net withdrawal from the canal when the monthly
rainfall is zero or very small. The positive slope (0.302) indicates that the monthly runoff

coefficient is approximately 0.3, which is considered typical in this regian.



Table 1. Rainfall And C-44 Inflow Data
Note: A1l data in inches over basin area of 140772 acres
C-44 Basin Rainfall (Mean rainfall at St Lucie and Port Mayaca locks)
YEAR  JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV  DEC

1962 1.28 5.17 2.54 1.67 2.11 2.71 8.76 65.19 3.49 12.53 .08 .25
1953 1.91 2.01 2.07 4.33 .90 13.38 10.96 8.89 10.65 B8.82 1.39 1,79
1954 .23 2.70 2.82 5.30 5.54 11.15 .7.00 5.20 9.82 4.32 2.33 1.48
1955 1.67 2.35 1.47 3.22 2.11 11.20 6.95 5.83 4.67 2.74 .09 4.60
1956 .82 .95 .53 3.85 2.68 4.75 3.47 5.36 5.27 8.09 .22 1.3
1957 2.78 2.99 3.6t 5.97 5.09 3.87 7.65 7.50° 6.83 6.07 .97 5.18
1958 8.61 .62 5.81 3.44 7,41 3.73 4.36 3.8) 6.83 5.10 .78 4,99

19588 2.84 .34 6.09 3.20 10.03 11.33 6.68 5.55 8.50 7.94 3.63 2.74

1960 .13 6.00 1.24 5.92 4.10 7.89 6.06 4.50 16.15 3.71 1.19 .83
1961 2.99 .50 1.74 1,76 7.31 2,96 2.77 6.87 1.44 5.08 1.50 .03
1962 .62 .84 3.8} 5,06 1.32 6.46 B.50 9.24 9,10 2.21 1.45 .14
1863 -88 4.39 1.06 .91 4.55 7.16 4.82 4,80 6.21 3.57 2.6 6.85
1964 1.93 2.85. .41 3.76 3.83 6.79 10.46 12.04 4.68 8.38 .66 1.38
1965 .54 5.01 t{.92 .75 .90 10.58 6.10 7.15 5.32 9.73 .36 .91
1966 5.83 4.38 1.71 4.77 4.35 14.25 5.00 5.17 7.08 9.7 1.40 1.60
1967 1.12 3.46 1.43 .05 2.83 10.79 6.16 9.49 7.01 10.92 .63 1.50
1968 31 2,36 .17 .24 8.99 16.03 6.94 8.03 7.10 9.37 2.42 .60
1969 1.68 1.89 6.80 1.54 9.71 8.59 5.17 5.81 7,12 11.32 2.10 3.13
1970 4.37 4.15 14,97 .02 7.80 B.75 6.12 6.64 5.42 4.44 .05 .18
9711 J4 2,85 1.19 .19 B.14 3.99 9.06 5.76 5.71 7.17 3.50 2.28
1972 1.186 1.86 2.75 4.81 8.93 12.48 B.28 3.57 2.90 2.53 2.58 2.36
1973 2.14 1.2 2.33 1.18 3.70 7.52 13.03 7.61 5.57 5.06 1.15 1.30

1974 1.67 .18 1.23 1.57 2.63 11.28 7.95 6.99 6.89 3.83 2.45 1,09
1975 .66 2.33 1.47 .56 6.56 3.61 13.28 3.04 7.53 3.49 1.10 .46
1476 .24 2.35 .06 1.86 10.13 6.85 3.88 9.59 4.85 1.58 3.28 1.99
1877 3.61 .45 .73 1.01 1.85 3.84 7.03 7.04 9.73 5.78 4.74 4.50
1978 2.40 1.58 2.41 1.88 3.63 7.66 7.15 4.68 5.56 4.47 31.46 7.35
1979 5.32 .18 1.59 2.58 7,65 13,39 2.91 3.07 16.07 2.89 2.84 1.54

[

1980 2.40 2.95 1.30 2.01 5.87 1.20 4.72 4.63 9.70 2.26 1.81 1.12
1981 .31 1,57 .97 .20 2,31 1.08 4.38 14.31 5.23 2.05 1.10 .41
1982 .76 3.01 10.56 3.42 11.85 8.80 B8.80 5.58 6.05 2.99 7.22 1.33

1983 4.45 10,73 4.47 2.78 1.7%1 6.19 5.80 10.70 6.11 9,20 2.35 4.01

C-44 Inflow (Difference between SB80 and S308 flows. 1969-1077 data estimated)
YEAR  JAN FEB MAR APR MAY JUN JUL  AUG  SEP  OCT NOV  DEC
1969 .45 .51 1,04 .41 2,87 1.93 1.50 .70 2.69 3.36 .58 .89
1970 1.26 1.20 4.46 -.05 2.24 2.58 1.79 .95 1.58 1.28 -.04 -.01
18711 .05 .83 .30 .00 2.40 1.15 2.87 .68 1,67 2.11 1.03 .63
1872 .28 .51 771,40 2.64 3.71 2.44 .02 .82 .1 .12 .66
1973 .58 .52 .86 .29 1.08 2.21 3.87 2.24 1.62 L1.47 .29 .34
1974 .45 -.01 .32 .42 .74 3.35 2.34 2.05 2.02 L.10 .68 .27
1975 .14 .65 .39 A1 1,92 1.03 3.85 .88 .22 t.00 .28 .08

NN o e

1976 .02 .65 -.04 .44 3.00 2.01 1.05 2.84 .41 .42 .33 .54
1877 1.03 .08 .18 .25 .53 1,13 2,06 2.07 .88 1.69 1.37 1.30
1978 k) 1) 54 07 .09 5.47 1,22 2.28 .28 .52 .64 .59
1979 3.69 .18 .31 -.07 .99 -.02 .19 1,35 .18 3.06 1.50 .36

1980 .23 .86 .45 .57 .51 .30 .B1 .62 .74 1,31 .68 .56
1981 .46 1.01 .12 .38 -.39 .10 .89 3.01 .15 .80 -.01 -.03
1982 .38 .87 2,484 1,73 2.05 3.78 2.83 2.98 .62 1.98 2.04 ¥
1983 .38 2.85 -.05 .72 -1.28 1.589 1.05 1,93 2.41 3.88 1.61 1.00

G - O o N N e




ITI. FREQUENCY ANALYSIS

In Water supply planning it is important to know the probabilistic distribﬁtion of the
availabiiity of watef in space as well as in duration and seasonal trends. This section describes
procedures used to prepare frequency distribution curves for calendar months and for
durations of one to twelve months. In addition, a flow duration ctirve and a frequency table
depicting the time occurrences of annual minima are included. The information is
summarized in four isofrequency curves (pagés 14 through 17). The meanings of the
frequency curves are defined to provide guidelines in their proper interpretation and

application.

1. Flow Duration Curve -

A flow duration curve is not a true frequenéy distribution curve, bécause probabilistic
levels cannot be assigned to the data. A basic requirement for frequency analysis is that the
data must be independent. Monthly or daily data are not independent but are serially
correlated. For example, the flow in May is influenced by the flow in April, less by the flow in
March, and so on. A flow duration curve is a straightforward presentation of the ‘historical
flow record in such a way that the percent of time the flow is exceeded or not exceedéd is
shown. |

Although flow duration curves are not frequency curves, they have been used
similarly to frequency curves. When the flow record is too short {less than two years) for
frequency analysis, flow duration curves are often used as the sole source of information for
hydraulic design and water supply pianning purposes. In view of the relatively short
historical record available for C-44 inflow (six years), a monthly flow duration curve is shown

in Figure 3 for reference.



2 Fr_equénc'y Distribution Curves, Calendar Month
Frequency distributions by c#!endar months are useful in water supply planning
where seasonal variation is important. Such uses include developing a regulation schedule
fora reseﬁoir or projecting irrigation water requirements which vary with season.
The statistical sample is a set of monthly data of an individUaI calendar month such
- as, all flowsin January, all flows in February, and so on. Since the individual data points are
at least 12 months apart, the data can be assumed to be independent. The frequency
distributions of fhe c_iata were plotted on Normal and Gumbel (extremal) probability papers
to see which distribution fits the data best. Log distributions (Log Pear_sdn, Log Gumbel, Log
Normal, etc.) Weré not considered because they could not accommodate negative vaiues that
were common with C-44 inflow. The differences in fit betweeﬁ the two distributions are
srnallil. In @ majority of the cases the data fit slightly better in a Gumbel .cjistributi;;)n, and
based on this a Gumbel distribution was selected for this application.

Irrespective of the distribution used, the trends of thé plots are similar. A statistical
sampie of‘hydrolc-agic data in a calendar month is a heterogeneous combination of flood
events, drought events, and normal events. A frequency distribution plot of such data
reveals generally two distinct slopes; the flatter slape beiongs to the drought events and the
steeper slope to the fiood events. Normal events appear to be in the transitional region. For
water supply planning purposes, only the normal and drought events are of concern.
Accordingly, least squares straight lines were fitted to the lower zone. By examining a
number of the scatter plots, it was decided that the fitting shouid cover the lower two-thirds
of the data points, which delineates the slope of the drought events.. The calendar month
frequency distribution curves for rainfall and C-44 inflow are included in the Appendix {page

A2 through A13).



3. Frequency Distribution Curves, Monthly Duration

In water supply planniﬁg, itisimportant to know the critical conditions for varicus
durations of time. Duration frequency curves provide information to define drought itseif,
to plan the storage capacity of a reservoir, or to determine the amount of su ppiemental
water required from outside sources to satisfy the local demand.

The statistical sample is a set of annual ‘minima of a specific duration, and here cne
through twelve month durations were included. For example, a sample of tw;a months
duration will be a set of two month minima {which may be any two consecutive months)
taken from a ﬁumt;er of annual cycles. The annual cycle used here is a water Qear which
extends from Noveﬁ\bér through October of the following year. Water year, rather than

calendar year, is used to ensure that the entire dry season is included without splitting itinto

- two consecutive annual cycles. This has been shown to produce a better fit on ieng duration

frequencies. The duration frequency distributions for rainfall and C-44 inflow are included in

the Appendix (pages A14 through A25)."

4. Isofrequency Curves

The frequency distribution curves described above provide basic information to
estimate rainfali or C-44 inflow at any probability level. For water supply planning purposes,
however, it is seldom necessary to know more thaﬁ a few probability ievels. Isofrequency
curves of both calendar months and durations are constructed (Figures 4 through 7) for 50%,
20%, 10%, and 5% probability levels, which correspond to return intervals of once in 2 years
(normal year), once in § years, once in 10 years and oncein 20 ;.learsr, respectively.

Although estimates at any probability level can be made from the frequency
distribution curves, the reliability of the estimates decreases with decreasing probability
levels. Asarule, the maximum return interval that can be_ projected is limited to twice the
Iength of the data record. Considering the lengths of records available, it is permissibie to

project rainfall up to once in 60 years, and C-44 inflow up to once in 12 years. If the flow

10



extension is considered, it is probably reliable to project C-44 inflow up to once in 20 years.
The longest return interval selected for the isofrequency curves is once in 20 years which is
considered to be within reasonable confidence limits as well as adeguate encugh for most _
water supply planning purposes. | |

Although the construction procedures of the isofrequency curves for calendar
months and durations are essentially identical, the meanings of the two isofrequencies are
differeﬁt. Calendar month isofreduency curves are not frequency hydrographs. The dashed
lines (Figures 4 and 5) joining the discrete data points are for visual guidance only and do not
indicate that the occurrences are sequential. Therefore, itisincorrect to read a calendar
month isofreque.ncy curve as the probable flow or rainfall distribytion in a calendar year at
the probability level indicated. The probability of such joint occurrences will be very small.
The isofrequency curve is simply a concise summary_of the same information provided byi the
basic frequency curves (page A2 through A13).

The dufatioh isofrequency curves, on the other hand, are frequency mass
hydrographs (from here on they are aiso referred to as frequency mass curves). The data
points are continuou-s and itis legitimate to interpolate between them. Frequency mass
curves, in addition to concisely summarizing the basic frequency information, can be used

“directly for many water supply planning purposes. If a mass demand curve is superimposed
onto a frequency mass curve, the duration of the critical drought period can be determined
as the duration to the interception point. The maximum deviation of the two curves is an
er;timate of the storage requirement for a reservoir, an_d in the case of Martin County, itis an
estimate of the amount of supplemental water needed from Lake Okeechobee. An exam ple
of such an application is illustrated in Figure 7.

The applications illustrated are suitable if the demand can be expressed in constant
draft rate, as is the case for most urban water demand. For demands that are variable and
probabilistic in nature, such as irrigation water demand, more complex analytical techniques

are needed. This may require the construction of frequency demand curves simiiar to the

1
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frequency curves presented here, or the use of water budget modeling to analyze the

situation.

5. Frequency Time Table, Annual Minimum

The frequencyrd.uration curves provide statistical information on the magnitudes
~ only without reference to the time of occurrence. For example, an annual minimum rainfall
of two months duration may occur in any two consecutive months in a calendar year,
although it will most likely occur during the dry season. Insome planning applications, itis
of interest to know.when the critical conditions are mos;c iikely to occur. A frequency table

depicting the times of occurrence of the annual minima is included in Table 2.

Table 2
Frequency Time Table on the Occurrence of Annual Minimum

RAINFALL )
Duration NOV DEC JAN FEB MAR APR MAY JUN JUL AUG SEP 0OCT
(months)
16% 16% 13% 23% 10% 19% 0% 3% 0% 0% 0% 0%
23% 32% 7% 19% 16% 3%* 0% 0% 0% 0% 0% 0%
48% 16% 7% 29% 0% 0% 0% 0% 0% 0% 0% 0%
48% 19% 29% 3% 0% 0% 0% 0% 0% 0% 0% 0%
48% 36% 13% 3% 0% 0% 0% 0% 0% 0% 0% O%
8% 13% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%

[~ BT R R YR N

C-44 INFLOW

Duration NOV DEC JAN FEB MAR APR MAY JUN JUL AUG SEP ocT
(months) )

7% 13% 20% 13% 7% 27% 13% 0% 0% 0% 0% 0%
20% 33% 7% 7% 7% 20% 0% 7% 0% 0% 0% 0%
27% 20% 7% 20% 13% 13% 0% 0% 0% 0% 0% 0%
33% 13% 13% 13% 13% 13% 0% 0% 0% 0% 0% 0%
33% 33% 13% 7% 13% 0% 0% 0% 0% 0% 0% 0%
60% 27% 7% 7% 0% 0% 0% 0% 0% 0% 0% 0%

e bW N -

*Example: 3 percent of the time annual minimum rainfall of 2-month duration occurs
in April and May (April is the beginning month).
Note: Bold figures refer to the most frequent time of occurrence.

12




C-44 (INCH)

lHUNTHLY INFLOK .,

2.00

FLOW DURATION CURVE (1978-13983)

5.00

.00

1.00

6.0C

5.00

4.00

3.0

1-00

0.06

-1.00
—y

-2.00

PAwBEt FROBWEILIEY FEmLl

234 o 40 30 a0

80 GO L] L1 90
PERCENT TIME LESS THRN

Note: One inch inflow equals 11731 acre-ft, based on basin area of 140772 acres

Figure 3. Flow Duration Curve, C-44 Inflow (1978-1983)
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Figure S. C-44 Inflow Isofrequency Curves, Calendar Months
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1in5 05 86 215 429 591 8.21 12.34 18.83 25.40 32.33 38.84 44,14
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Figure 6. Rainfall Isofrequency Curves, Monthly Durations
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Figure 7. C-44Inflow Isofrequency Curves, Monihly Durations
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IV. DISCUSSION AND RECOMMENDATIONS

The .purpose of this reportisto p;-ovide statistical information on rainfall drought
frequency and on the availability of surface water in Martin County. A major objectiv;e is to
quantify the availability of C-44 canal wéter that can be developed to meet the growing
needs in Stuart and other urban areas in Martin County. This analysis is part of a
comprehensive study by the SFWMD to assist Martin County in their water resources
'planning. Tﬁ_e iimitations and assumptions of this analysis are reiterated below:

(a) The C-44inflow was calculated a.s the difference between the discharges at 5-80

and 5-308. Because of the wéy it was célculated, the C-44 inflow included the effect

of the existing (1978-1983) canal water usage. The calculated inflow represented the
amount available for additionai usage as of the conditions in 1579- 1983. If calcuiated
inﬂow was negative, it represented the amount supplemented by Lake Okeechobee.

The 1979 land use pattern of the C-44 basin is shown in Figure 1 {page 4). Any major

change in land use within the basin from that of 1979 may increase or decrease the

- canal water availability. The canal water availability presented in this report must
then be adjusted accordingly if the change is significant.

(b) The rainfall data were based on the averages from two iong term rainfals

stations within the C-44 basin, one located at 5-80 and the other at $-308. A total of

31 years of data, covering the period of 1952 through 1983, was used in the present

analysis. Table 3 compares the rainfall drought frequencies in this report with those

currently used by the SFWMD for the upper east coa‘st. The existing SFWMD drought
frequencies were based on the average of several leng term rainfall stations in

Martin and St Lucie Counties with data records through 1977.  in comparison, the

existing SFWMD estimates are aboujc the same for the longer durations but

somewhat higher for the shorter durations. This is because the p.revious study: (i)

covered all of upper east coast and thus used more stations to average rainfall. This
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has a tendency to smooth out the extr-emitieﬁ, {ii) used data through 1977 and thus
excluded thé 1980-82 drought, and {iii) used Log Pearson Type III distribution for
fitting, which may produce slightly different estimates from those produced by the
Gumbel distribution used in this analysis. 7

(c) Relativelylong records are available for the rainfall data but only six years of data
are available for the C-44 inflow. The C-44 inflow record was extended by regression
with rainfail. A statistical F-test was used to check that the varianfe was not
significantly reduced by the extension thereby assu ring that the extension is
wortrhWhi!e. The reliability of the frequency es-timates isrelated to the length of the
data record available. In the present case it is permissible, within reasonable
confidence limits, to project réi nfall up to oncein 60 years and for C-Q inflow up to

once in 20 years.

Tabie 3
Comparison of Rainfall Drought Frequencies

Duration In Months

Return 1 2 3. 4 5 6 7 12

Interval

{years) - {dataininches)

1in 10 This report(!) 0 44 144 335 442 648 10.27 41.32

SFWMD(2) .15 98 200 357 51 7.24 1065 4196

1in5% This report .05 .86 215 429 591 8.21 1234 '44.14
SFWMD 22 123 263 445 640 887 12.85 44.81

Normal This report 35 1.86 3.86 652 9.45 1233 17.27 5085 -
SFWMD 43 194 418 6.62 954 1265 1766 5099

Notes: (')Based on average basin rainfall in C-44. Data covered up to 1983.

(2)Based on average basin rainfall in upper east coast (St Lucie and Martin
Counties). Data covered up to 1977.
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The results of this analysis are presented in a series of frequency distribution curves in
the Appendix (pages A2 through A25). The same information is summarized in four
isofrequency curves and a frequency tabie, and from these the following implications are

observed :

‘Figure 4. Rainfall Isofrequency Curves, Calendar Months (page 14)

There is a sharp decrease in rainfall after October. The rainfall remains at about the
same low level between November and April but rebounds sometime in May or ju ne.l
The amount of rainfall in May is most variable. A questionisoften asked asto
‘whether the dry seasonin .Florida beginsin Odoﬁer or November. The results here
indicate clearly that the dry season in the C-44 b#sin beginsin No'vember and usualiy

ends in April.

Figure 5. C-44 Inflow Isofrequency Curves, Calendar Months (page 15)

The seasonal trend of the C-44 inflow generally follows thaf of the rainfali with one
exception. In a normal year the flow reaches a minimum in April, and in a drier S;ear
it reaches minimum in May. For rainfall, there is no sharp month to month
differences during the dry season. The inflow, howe\;er, follows a slow recession
curve which responds to the cumulative effect of dry season rainfall with alag of one
to two months. The flow in May, similar to rainfall, is most variable and
unpredictable, as it is dependent on the arrival of the wet season rainfall. Similar
responses have been observed in C-4;’, (Caloosahatchee River Basin) which,

hydrologically, is analogous to C-44.

Figure 6. Rainfall Isofregugncv Curves, Monthly Durations (page 16)
The annual rainfall in the C-44 basin is about 50 inches in a normal year and 40 inches
once in 20 years. In years drier than normal, there is zero to negligible rainfall for at
least one month, and less rainfall than evapotranspiration for at least two months
outofa year; in other words, rainfall deficit conditions occur for a duration of at

least two months for years drier than normal. Much of the difference in rainfall
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between dry and normal years can be accounted for in the initial six month duration

as indicated by a gradual equalization of the slopes among the isofrequency curves .

Figure 7. C-44 Inflow Isofrequency Curves, Monthly Durations (page 17)

A deficit condition is said to occur when there is more withdrawal from the canal
thaninflow intoit. The part of the isofreqt:uency curve that is betow zero delineates
the magnitude and duratidn of the deficit condition. Negative inflow represents the
amount'c_urrently supplemented by Lake Okeechbbee. In a normal year, deficit
conditions occur for; duration of about one month and reaches three months once
in 10 years. Thus, any additi onal withdrawal from C-44 will proldng the deficit
condiiion and increase the demand from Lake Okeechobee, unless an alternative
source of water is developed or the surplus fldw inthe wet months can be stored in
some way for use later. The situation in the C-44 basin is sirnilar to that of the C-43
basin —- though the canal flow is plentiful during the wet months, it is inadequate to
meet the current demand during §ome of the dry months and supplemental wa‘ter
from Lake Okeechobee is needed.

Table 2. Frequency Time Tabie on the Occurrence of Annuat Minimum {page 12)

The frequency tabie indicates that minima of short durations are equally likely to
occur in any of the dry months, but for longer durations the time of occurrence is
better defined. For example, about 87 % of the time a minimum 6-manth rainfall
begins in November, but with nearly the same likelihood a minimum 2-month
rainfall may occur in November, December, or February {23%, 32%, and 19%

respectively).
Under current conditions, supplemental releases from Lake Qkeechobee are needed

for a duration of about one month in a normai year and three months once in 10 years.

Additional withdrawals from C-44 will inevitably impose greater stress on Lake Okeechobee
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unless an alternate source of water is developed, or a plan to store wet season ruhoff for use
at the time of shortage is implerﬁentea.

Storing surplus runoff in surface impoundments is generaily inefficient in south
Florida as the reservoir would have to be very large but shaliow, and the evapotranspiration
loss per unit depth of storage would be large. Storing the water in the shallow aquiferis

equally difficult because of the lack of storage tapacity during the wet months. The

_following alternatives appear to be reasonable and it is recommended that they should be

investigated in detail:
(a) D_ivért surplus canal flow to recharge depleted wellfield storage as is currently
practiced in l;ee- County, Florida.
.{b) Develop wellfields in more inland locations to create cénes of depressionsé as to
increase rainfall rechargg, and to create stora«;';e capacities to store surplus canal
water.
(¢} Store surpius canal water in the saline artesian aquifer By injection wells and
recover the storage for use during the dry season, as is currently under
experimentation in Manatee County, Florida.
(d) increase storage in Lake Okeechobee by backpumping treated runoff duririg the
wet season. The availability of storage capacity in Lake Okeeg:hobee and the costin

treating the runoff may be limiting factors.
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EXPLANATION ON THE USE OF FREQUENCY DISTRIBUTION CURVES

The frequency distribution curves included in the following pages can be used to project
rainfall or C-44 inflow to any drought probability level. The use of these curves is explained below:

1. All data are expressed in inches over the C-44 basin area. This permits comparison of rainfall
and C-44 inflow in the same scale. To convert inches to acre-ft, multiply inches by 11731,
which is based on a basin area of 140772 acres.

2. The frequency distri bution data are plotted on Gumbel probability paper. The x-scaleisin
percent probability. The reciprocal of the percent probability equals the return interval; for
example, a 5 % probability is equivalent to once in 100/ S or once in 20 years.

3. - The magnitude of rainfall and C-44 inflow at any probability level can be read directly from
the curve. In some situations, it is more accurate to calculate from the least squares fitted
equation listed along the right side of the graphs. The equation is expressed asy =A + Bx,
where A and B are the regression coefficients, y is the magnitude of rainfall or inflow, and x
is a Gumbel probability transformed variabie. The relation between x and probability levei P
is as follows:

X =-10ge(-logeP)

4, For the calendar month frequency curves, oniy the lower two-thirds of the data points are
used in the frequency fitting because only the dry conditions are of concern. Thus, it is
permissibie only to project droughts but not floods.

5. The reliability of the probability projection is dependent on the length of data record
available for the analysis. In this case, projection should be limited to once in 60 years for
rainfall and once in 20 years for C-44.
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