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I. INTRODUCTION

The South Florida Water Management District (District) is committed to
maintaining the most accurate and up-to-date rainfall frequency data for use in
evaluating permit applications submitted to the District. The Frequency Analysis of
Rainfall Maximums for Central and Southern Florida, Technical Publication 81-3
(MacVicar,1981) presents the results of a comprehensive frequency analysis of
maximum rainfall events of 1-, 2-, 3- and 5-day duration along with seasonal and
annual durations. The 1- and 3-day duration maximum rainfall events are the most
commonly considered by the District's Regulation Department in the permit review
process described in the Management And Storage of Surface Waters, Permit
Information Manual, Volume IV (1989). The purpose of this report is to update the 1-
and 3-day duration frequency analysis included in the Permit Information Manual
with the additional data that has become available in recent years. This data allows
for additional gages to be added to the analysis while also increasing the reliability of
long-term existing gages that were used in the earlier study. Refined and more
stringent criteria have been developed to determine whether a particular station
year should be used. Only station years that have a 90 percent probability of
including the annual maximum event in the observed values were included. Even
with these stricter criteria, the number of stations used in the analysis increased
from 140 in the earlier analysis to 156 in this analysis. The number of station-years
increased from 4,606 to 5,587, or by 21 percent.

The density of rain gages increased the greatest in the Kissimmee River Valley
where only sparse data was available for the earlier study. A few gages were
eliminated due to more strigent criteria used in selecting the station-years to be
analyzed.

II. DATA SOURCES

The sources of data for this study include all the rainfall gages within or near
the District for which at least 20 years of quality daily record is available. The data
was obtained from the same sources used in the 1981 analysis. These include data
that were obtained from the Weather Bureau Records, the South Florida Water
Management District, the Lake Worth Drainage District, and the Corps of
Engineers. The data that became available in recent years facilitates the production
of rainfall frequency maps for South Florida using a higher quality and denser
network of rain gages than those used in the earlier study. Figure 1 illustrates the
areal distribution of these rain gages along with an indication of the number of years
of reliable record at a particular station. More specific information about the rainfall
gages will be found in the appendix.

The majority of the rainfall values represent gage readings taken once a day.
The time of day that readings are taken varies between stations. In certain cases,
hourly values are summed over 24-hour periods to obtain the daily values. No
attempt was made to adjust all the daily data to the same 24-hour period, or to
estimate maximum 24-hour rainfall from observational daily measurements. No
adjustments for bias due to gage type or exposure were made. This analysis was
based completely on the daily observations, as was the original analysis completed by
the District in 1981.
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III. DATA PREPARATION

Each year of data is assumed to represent an independent event at that location.
A filler technique similar to that used in the previous analysis was used to estimate
rainfall at stations that contained missing record. This linear interpolation scheme
uses the ratio of the average annual precipitation at nearby stations to that at the
station with missing record to determine a weighting factor between the rainfall at
the nearby stations and the one with missing data. Then the missing rainfall value
may be estimated by the relationship

N Al

where
Px is the estimated daily precipitation at the station with missing record,
Mx is the average annual precipitation at the station with missing record,
Mi is the average annual precipitation at ith nearby station,
N is the number of nearby stations used for estimate,
Pi is daily precipitation at the ith nearby station.

This method is known as the normal ratio method (Paulhus and Kohler, 1952).

Certain stations have accumulated rainfall totals during weekends and
holidays. These stations may otherwise have reliable daily records. It is desirable to
include these records in the analysis. An accumulated rainfall total was distributed
over the individual days during which the rainfall was accumulated based on the
temporal distribution of rainfall at the nearby stations that had daily record
available. The relationship used to estimate the daily rainfall was the same as for the
missing rainfall with the exception that the annual mean rainfall values Mx and Mi
are replaced by the accumulated values Ax and Ai. Again, the subscript x refers to
the rainfall station that the value is being estimated and the subscript i refers to the
ith of n stations used to estimate the daily values. These estimated daily rainfall
values were treated the same as observed values if the length of the accumulated
period was less than or equal to five days. When the period of accumulated rainfall
values was longer than five days, the daily estimates will not be as reliable as those
estimated from rainfall totals accumulated over short periods and are flagged as
estimated values.

In the previous District rainfall analysis, station-years with up to 150 days of
estimated data were included. In this analysis, only station years that have at least a
90 percent probability of including the annual maximum event in the observed
values were included. In determining these probabilities, consideration was not only
given to the number of missing or estimated days, but also to what month of the year
the missing value occurred. The probability that a given daily maximum rainfall
event is included in the observed data of a particular year may be represented by the
following equation

12 nmd

pdmi = [1- [ *Pr ]l00
1nd

Ma = 1 m



where
pdmi is the probability, expressed as a percentage, of the daily maximum event

being included for a given station year,
nmd is the number of missing days in month m,
nd is the number of days in month m,
Pr is the probability for the maximum event to occur during month m.

Long term rainfall stations representing different regions of the District were
examined to determine the likelihood of a maximum rainfall event occurring during
a particular month of a year. The frequency distributions for the annual maximum 1-
and 3-day duration events appear in Figure 2 and Figure 3 for the Keys, Lower East
Coast (LEC), Lower West Coast (LWC), Everglades Agricultural Area (EAA), and
Kissimmee Valley. The distributions vary significantly from one region of the
District to another. The months of June and September generally have the highest
probability for the annual maximum 1- and 3-day duration events to occur while the
period of December through March has a minimal probability for occurrence of these
same events.

IV. FREQUENCY ANALYSIS

The two-parameter Gumbel distribution was chosen as the probability function
for analyzing the series of maximum annual rainfall events. This distribution is
essentially log-normal distribution with constant skewness (Chow, Ven T., 1954) and
also known as Fisher Tippet Type I distribution. It was chosen because it is widely
accepted by practicing professionals, the results are easily compared with other
similar analysis including the earlier District analysis and that its use has already
been established as a design standard. Its cumulative distribution function, defined
as the probability that any outcome in X will be less than or equal to a stated limiting
value x, may be expressed as

P(X <x) = exp {-exp [--a(x-u)l}

where c and u are a function of the mean and standard deviation.

V. RESULTS

The rainfall depths for the 3-, 5-, 10-, 25- and 100-year return periods for the 1-
day and 10-, 25-, and 100-year return periods for the 3-day duration maximum events
were computed for each rain gage included in this analysis. The validity of using the
Gumbel distribution for this task was tested using the Kolmogorov-Smirnov
goodness-of-fit test. In this test, the maximum difference between the stepwise
cumulative frequency function derived from the data set and that of the theoretical
distribution function determined by the Gumbel method over the range of observed
values, is used as a measure of the discrepancy between the theoretical distribution
and the observed data.
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For a specified sample size and the computed maximum difference, a level of
significance (o) of the goodness-of-fit can be estimated. For a significance level a,
there is a 100 * (1-a)% chance that the population does not follow a specific
distribution. In this analysis, 50 percent of the rainfall stations had a significance
level of 0.69 or greater for the 1-day maximum events. For the 3-day events, 50
percent of the stations had a significance level of about 0.78. This indicates that over
50 percent of the stations had less than or equal to a 31 percent chance of not
following Gumbel distribution for 1-day events, and less than or equal to a 22 percent
chance of not following the 3-day events. The test for the 1-day and 3-day events for
goodness of fit are independent of each other.

Once rainfall depths were computed, isohyetal maps were produced which
illustrate the areal variation in rainfall depths associated with specific return periods
and durations. Isohyetals, or lines of equal depths of rainfall, were manually drawn.
Large variations in rainfall may occur between stations due to the complex
interactions of large scale storm systems with mesoscale systems (1-100 kilometers)
such as sea and lake breeze circulations. Rainfall intensities from large scale storm
events are often enhanced (or diminished) at locations that normally favor (or resist)
the formation of storms due to the mesoscale factors. Examples of regions of
enhancement are along the Lower East Coast due to the sea breeze circulations, and
to the south of Lake Okeechobee due to lake breeze effects. According to the results of
numerical experiments (Pielke,1974), maximum rainfall amounts, due to the sea
breeze circulations interacting with the prevailing summertime southeasterly winds,
normally would occur several miles inland along the Lower East Coast. These same
results indicate the maximum rainfall events on the Lower West Coast would be
much closer to the coastline. Examples of regions that would expect lesser
maximums would be over and immediately downwind of water bodies where the air is
more stable and more generally in the interior regions of South Florida. In summary,
the results of this analysis indicate that regions of largest 1- and 3-day duration
maximum events occur in many of the same regions that would be greatly enhanced
by mesoscale circulations, and illustrate the importance that these circulations have
on depicting the location and intensity of maximum storm events.

Other factors affecting the computed values at each rain gauge include the
number and period of the years that quality record was available at the gauge, the
type of rain gauge being used, the exposure of the rain gauge, and how well the
Gumbel distribution fits the data at a particular gauge. It is difficult to account for
all the variations that occur between stations. When station values differ
significantly from those of nearby stations, the data of this station was checked to
verify the cause of the disparity, and to decide whether this gauge indeed included
reliable data. In regions that data was sufficient, only stations with greater than 30
years of record were considered.

Figures 4-8 include the 1-day rainfall totals for the 3-, 5-, 10-, 25-, and 100- year
return period events, while figures 9-11 include the 3-day rainfall totals for the 10-,
25-, 100-year return period.



Figure 4. 1-Day Rainfall: 3 Year Return Period

8



A TL4N Tic

0 c E.4 A

P!ERCE

STUART

17

UNIT'" !NCiES

0 O 20 30
IILES

Figure 5. 1-Day Rainfall: 5 Year Return Period

55

NAPLES

~p~P"-
~8'

I

I
-C-

L I



Figure 6. 1-Day Rainfall: 10 Year Return Period
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Figure 7. 1-Day Rainfall: 25 Year Return Period
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Figure 8. 1-Day Rainfall: 100 Year Return Period
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VI. SUMMARY

The inclusion of additional rainfall gauges, and the greater number of years of
record available, allowed greater reliability and detail to be included in the isohyetal
maps than earlier District analysis. The general pattern of larger maximum rainfall
events along the coastal regions, particularly the Lower East Coast, still exist with
only minor changes in the computed extreme events.

Additional gauges with 20 years record in the interior regions, especially in the
lower Kissimmee Valley region, allowed for additional detail to be added to these
maps in this region. The last 20 years have tended to be drier in the interior sections
of south and central Florida which also lowered the maximum expected values of the
computed extreme events in this region.

The precipitation regime over Lake Okeechobee and the surrounding ocean is
completely different than that over the land mass of Florida. These maps were
generated based on measurements taken over land mass and should not be used to
estimate rainfall over Lake Okeechobee or nearby marine areas.
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