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1. INTRODUCTION

Estimated rainfall amounts for various durations and statistical
return frequencies are a basic ingredient in many engineering and plan-
ning analyses related to Water Resources. The South Florida Water Man-
agement District, with responsibility for all matters affecting water
supply and flood control, is committed to using and making available to
the public the most accurate and up to date rainfall frequency data.

The current standard for rainfall frequency estimates for storm
durations from one to twenty four hours is the U.S. Weather Bureau's
Technical Paper No. 40 (1) published in 1961. This document presents
the results of a comprehensive nation-wide rainfall analysis and map-
ping program incorporating data through 1958 from recording rain gages
and through 1957 from the non recording gage network. This publication (1)
was followed in 1964 by Technical Publication No. 49 {2) for rainfall
durations from 2 to 10 days. The same analysis and mapping technique was
used in TP49 and included data through 1961.

The Corps of Engineers produced a design memorandum (3) on rainfall
frequency estimates for the District area as part of the Central and
Southern Florida Project. Published in 1953, the study encompassed
durations from one day to one year and return periods from two to one
hundred years. Rainfall data through 1952 were used as the basis of
this report.

Two major factors affecting the accuracy of rainfall frequency maps
are the number and distribution of gaging points and the length of rec-
ord at each station. The location of the stations influences the shape

of the contour lines and determines the extent to which localized phenomena



can be reflected in the maps. The addition of new stations has a much
greater impact on the reliability of the maps than the extension of the
record at current long record stations. The length of record at a sta-
tion controls the confidence 1imits on the rainfall estimates at that
point for any particular return period. The credibility of the esti-
mated value for the more extreme events is directly related to the

Tength of record upon which the analysis was based.

II. PURPOSE

Additional data has become available that should enable the pro-
duction of rainfall frequency maps for South Florida that are not as
limited by the sparse station network and short term records that ham-
pered earlier studies. Also, the confidence Tlevel of the rainfall esti-
mates, particularly at the higher return frequencies, can be improved
significantly by the relatively large amount of data now accumulated.
In view of these factors and the importance of accurate historical rain-
fall information to many District actions, the Water Management District
decided to undertake an in-depth analysis of recorded rainfall data for
the entire District area. The goal of the project was to produce a
comprehensive series of rainfall-frequency maps summarizing the predicted
maximum precipitation for durations ranging from one day toc one year and
predicted minimum rainfall (drought) for monthly, seasonal and annual
durations. This report represents the first phase of the study in which

the maximum rainfall behavior is presented.

IIT. BASIC DATA
The data for this study were compiled from all rainfall gages within

or near the District for which at least twenty years of daily record were
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available. The majority of the data were obtained from published Weather
Bureau records although other agencies such as the South Florida Water
Management District, Lake Worth Drainage District, and the Corps of
Engineers also supplied a significant portion of the data. Table A-1
(see Appendix) summarizes pertinent station information for the rainfall
gages used in this analysis. Figure 1 shows the areal distribution of

these stations.

Types of Data

The majority of the rainfall values represent gage readings taken
once a day. In some cases the daily values are derived from the sum of
hourly measurements from 0100 to midnight and, in a very few instances,
the daily value may be the maximum amount recorded for a 24 hour interval
ending that day. Because of the difficulty involved in trying to adjust
all the daily data to the same 24 hour period, and the very limited effect
such an adjustment would have on the final results, no attempt was made
to modify the recorded amounts according to the period covered by the
measurement. The Weather Bureau (1) used an empirically derived factor
to increase the observational-day amounts to make them equivalent to the
maximum 24 hour values. There was insufficient hourly data available to
determine the validity of this factor for South Florida; consequently,
the analysis for the daily duration storms was based completely on obser-
vational-day values.

The exposure of the gage and the type of gage used can have a
systematic effect on the recorded rainfall amounts. The complexity of

the problem of quantifying this type of bias, and the lack of detailed
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site information upon which to base an investigation of these issues,
precluded any attempt to make adjustments to the data for gage type or

exposure,

Data Preparation

A basic assumption of this analysis was that each year of data
represented an independent observation at that location. Since many of
the records contained gaps a filling technique had to be used to esti-
mate the missing values and to give some idea of the influence of filled
data on the final results. Station years with more than 150 days of
missing record were excluded from the analysis. The remaining missing
data were estimated with the normal ratio method (4). This is a linear
interpolation scheme which uses the ratio of the average annual pre-
cipitation at the respective nearby stations as a weighting factor, or

N M

Py = (iz]-jq; Pi)/N (1)
where P is daily precipitation, M is the average annual precipitation and
N is the number of nearby stations used to estimate the missing value.
The x subscript refers to the point for which the rainfall is being esti-
mated while i refers to nearby stations with recorded data for the date
that 1s needed. Three stations were used to estimate missing days if
valid data were available on that date.

Several stations, especially in the Lower East Coast area, have a
large amount of accumulated data. A two step procedure was used to dis-
tribute the rainfall measurement among the days over which the recorded
amount was accumulated. First, Equation (I) was used to calculate an

estimated value as if the data was missing. Next the estimated value was



multiplied by a correction factor defined as the ratio of the actual
accumulation to the sum of the estimated amounts for the period of the
accumuiation, or,

M

A/ T P,.) (11)
j=1 X

where PA is the final rainfall estimate, Px is the estimate from Equa-
tion (I) for that day, A is the recorded accumulation and M is the number
of days over which the measured amount was accumulated. This method pre-
serves a mass balance between the sum of the estimated amounts and the
actual measured value. The rainfall data from nearby stations are used
only to determine the distribution of the rainfall over the respective
days.

A1l the rainfall information was kept on a computer with a data
base management system that included a tag on each day to differentiate
betwsen the estimated values {(missing or accumulated) and the recorded
data. The annual series at each station for each duration were then com-
piled and reviewed to determine the significance of the estimated data
points on the values to be used in the statistical analysis. Stations
with a Targe number of estimated points in their annual series or with
extreme events derived from estimated rainfall were deleted from the
analysis. The daily, wet season, and annual duration maps were derived
using 140 rainfall stations with an average period of record of 32.9
years. The dry season maps were based on 138 stations averaging 31.12

years of record.

IV. FREQUENCY ANALYSIS
Type of Data Series




Two common data sets for frequency analyses on short duration
storms (1, 2, 3 and 5 days in this report} are the partial duration
series and the annual series. The annual series consists of the largest
rainfall amount recorded for the respective durations in each calender
year. The size of the data set is equal to the number of years for which
reliable data is available. The partial duration series is the same
size, but is made up of the largest independént events on record regard-
less of when they occurred. The partial duration series is character-
ized by a higher mean and a lower variance than the annual series. For
predictive purposes the major differences are noted at the lower return
periods where the partial duration series results in higher rainfall
estimates. The empirical analysis performed by the Weather Bureau (1)
concluded that the rainfall estimates for return periods greater than
10 years were essentially the same regardiess of which series was used.
The annual series values were used for all durations in this study and
no adjustments were made to any of the return period estimates to make

them equivalent to those derived from a partial duration series.

Frequency Distribution

The prediction of return period values requires a method, either
empirical or theoretical, to relate the observed series of maximum
events to some probability versus rainfall depth relationship. Statis-
tical parameters such as the mean, variance, and skew of the observed
data along with a theoretical probability distribution can be used to
calculate the needed rainfall estimates.

Unlike flood frequency analysis, there is no standard probability

function accepted for use in rainfall frequency investigations. Most
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studies (1,3) have relied on a combination of empirical and theoretical
methods to arrive at their predicted values. The problem is complicated
by the fact that the rainfall measurements and return period estimates
are tied to a specific location while the objective of the analysis is
to provide area-wide information. Gumbel's method, which utilizes the
Fisher Tippett Type I distribution, was used to estimate the rainfall
amounts for all return periods and durations covered in this analysis.
{See Appendix B for computational details).

The method of moments was used to estimate the mean, variance, and
skew of the data series at each station. Calculations of the standard
error associated with each of these parameters showed that even for the
long term stations, the length of record availabie was not sufficient
to provide reliable estimates of the third moment (skew). Therefore, a
two parameter probability function was needed to estimate the return
period values. Gumbel's method of fitting annual series to the Fisher-
Tippet Type I distribution for extreme values has been used extensively
in statistical analyses of climatological phenomena. It was used by
the Weather Bureau to estimate return periods beyond 20 years in TP4(Q
and TP49 and has been used in studies of wind and temperature extremes
(6). The theoretical development by Gumbel requires that the extreme
values represent single, independent events from a homogeneous population.
For rainfall analyses the homogeneity requirement implies that the gage
type, location, and exposure did not change for the period of record
being used. The mean and standard deviation of the data series and the
number of years of record at the site are all that is necessary to deter-

mine the rainfall estimates using Gumbel's procedure.



Another distribution that is used quite often in flood flow frequency
studies is the three parameter Log Pearson Type III distribution. Several
techniques have been proposed to compensate for the uncertainty associated
with the third moment, including the use of regionalized skew coefficients.
The United States Water Resources Council (7) has recommended this approach
along with an adjustment based on the expected probability which varies
with the number of years of record available. Other researchers {3,8)
have proposed their own methods for modifying the calculated estimate of
the skew coefficient based on empirical or theoretical analyses. Vir-
tually all of these studies have dealt with stream flow records only.

The Corps of Engineers (3), however, as part of their general design
studies connected with the Central and Southern Florida project, used the
Log Pearson distribution for their rainfall frequency estimates. They
used a fixed skew coefficient derived empirically for each rainfall dura-
tion by analyzing the data from several of the stations with the Tongest
periods of record.

Some statistical tests were performed to compare the results of these
two distributions applied to the one-day storm data. Table 1 summarizes
the predicted rainfall and the associated confidence limits for 117 rain-
fall stations in the central and south Florida area. The average return
period estimates are quite similar, but the range of values is signifi-
cantly larger with Log Pearson at the higher return periods. The 80 per-
cent confidence band is also much narrower for the Gumbel estimates.

Table 2 gives a summary of the Gumbel estimates and their confidence
Timits for the other rainfall durations presented in this report. A Chi

square goodness of fit test was applied to the data series from each
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Period

5
10
25
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100

Return
Period

10
25
50
100

GUMBEL RESULTS (1-Day)

Rainfall Depth (in.)

High

9.1
11.7
15.2
17.7
20.3

Low
4.0
4.6
5.5
6.1
6.7

Average

5.7
7.0

8.5 -

9.7
10,8

Rainfall Depth: {in.)

High

7.7
10.2
14.2
18.2
23.1

Low
3.8
4.3
4.7
5.1
5.4

Average
5.2
6.3
7.9
9.2

10.7

TABLE 1

High
19.9

21.4

22.9
23.7
24.3

LOG PEARSON RESULTS (1-Day)

High
21.2
27.8
41.3
56.8
77.6

Low
7.4
8.6
9.7
10.4
10.9

80% Confidence

Low
6.9
8.2
10.9
13.3
16.0

80% Confidence Limits (%)

Average
12.2
13.9
15.5
16.5
17.3

Limits (%)
Average

12.0
15.3
22.2
28.7
36.0

The confidence limits are expressed as a percentage of the return period

estimates.

- 10 -
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TABLE 2
GUMBEL RESULTS (2-Days)

Return Rainfall Depth (in.) 80% Confidence Limits (%)

Period High Low Average High Low Average
5 10.4 4.9 7.0 18.1 6.4 11.8
10 13.2 5.7 8.5 19.7 7.6 13.6
25 16.7 6.6 10.3 21.4 8.7 15.3
50 19.4 7.3 11.6 22.3 9.5 16.3

100 22.1 8.0 12.9 23.1 10.0 17.1

GUMBEL RESULTS (3-Days)

Return Rainfall Depth (in.) 80% Confidence Limits (%)

Period High Low Average High Low Average
5 11.0 5.4 7.7 16.9 6.0 11.5
10 13.5 6.2 9.2 18.7 7.1 13.2
25 16.9 7.2 11.1 20.6 8.3 15.0
50 19.5 7.9 12.5 21.6 9.0 16.0

100 22.1 8.6 13.9 22.4 9.6 16.8

GUMBEL RESULTS (5-Days)

Return Rainfall Depth (in.) 80% Confidence Limits (%)
Period High Low Average High Low Average
5 1.7 6.5 8.6 16.5 6.1 10.0
10 14.5 7.6 10.3 18.2 7.2 12.7
25 17.9 8.9 12.3 20.0 8.4 14.5
50 20.3 9.9 13.8 21.1 9.1 15.5
100 22.8 10.9 15.3 22.0 9.7 16.3

-1 -



TABLE 2 (continued)

GUMBEL RESULTS (Dry Season)

Return Rainfall Depth (in,) 80% Confidence Limits (%)

Period High Low Average High Low Average
5 25.8 12.4 18.6 18.7 7.5 12.6
10 3.7 152 - 22,7 20.7 8.7 14.3
25 39.3 18.1 27.8 22.5 9.8 15.9
50 44.9 20.2 31.6 23.5 10.5 16.8

100 50.5 22.4 35.5 24;3 11.0 17.5

GUMBEL RESULTS (Wet Season)

Return Rainfall Depth (in.)} 80% Confidence Limits (%)

Period High Low Average - High Low Average
5 60.3 34.2 47.7 13.1 4.0 7.7
10 69.8 39.2 53.8 15.3 4.9 9.4
25 81.7 45.1 61.6 17.5 6.0 1.1
50 90.6 47.7 67.4 18.7 6.7 12.2

100 89.4 50.3 73.1 19.7 7.3 13.2

GUMBEL RESULTS (Annuatl)

Return Rainfall Depth {in.) 80% Confidence Limits (%)
Period High Low Average High Low Average
5 77.8 46.8 63.1 12.6 3.4 7.2
10 90.4 52.6 70.7 14.8 4.3 8.8
25 107.5 57.4 80.4 17.0 5.3 10.6
50 120.2 61.0 87.5 18.2 6.0 11.7
100 132;7 64.5 94.6 19.2 6.5 12.6
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station in order to test the hypothesis that the series came from a
population with either a Gumbel or Log Pearson Type III distribution.
The hypothesis was rejected much more often when the assumed distri-
bution was the Log Pearson Type III.

Although statistical tests can give a valuable insight into the
consequences or the validity of certain assumptions, they are often
inconclusive when applied to data sets as large and varied as those
required by this project. As a regulatory agency charged with enforce-
ment of design rainfall values throughout a sixteen county area, fac-
tors other than the purely technical questions must be considered.
Among these are general acceptance by practicing professionals, results
of other similar research efforts, and an established precedent for
using the chosen method as a design standard. Although published 1it-
erature on the subject of rainfall frequency distributions is somewhat
limited, there have been studies (9,4) which concluded that Gumbel's
method was most appropriate for estimating rainfall extremes for return
periods beyond the range of the data. Discussions with specialists in
statistics and hydrology reinforced our position that Gumbel's method
was more appropriate than Log Pearson for rainfall frequency analyses.

Prior to this study rainfall estimates for most drainage design
projects were obtained from the Weather Bureau's rainfall frequency
atlas published in 1961 (1). A major impetus behind the District's
undertaking of an isohyetal program was the belief that sufficient
additional data had become available since 1960 to significantly improve
the areal definition of the Weather Bureau maps. Both map series uti-

1ized Gumbel's method for estimation of the rainfall amounts for return
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periods beyond twenty years. Although the mapping techniques were
different, the primary reasons for the differences in the shape and
values of the contours were the additional data and the greater number

of stations used in the District's analysis.

V. TISOHYETAL MAPPING PROCEDURE

The isohyetal maps were produced using a two step procedure that
combined a mathematical and a manual system for placing the contour
Tines. The first step consisted of using a computer plotting routine
and the Calcomp plotter to produce a rough draft of the contour maps.
The computer program superimposed a 3154 point grid over the District
area with a grid spacing of 3.8 miles between points. The location of
each rain gage and its return period value were read into the program
and used to calculate a return period estimate at each grid point. The
grid point values were determined from the eight closest rain gages using
a reciprocal distance squared (RDS) interpolation scheme. Once the
grid points were calculated, the plotting routine was called to draw a
smooth curve at the specified contour values.

The computer process for producing the first draft of the maps had
no option for adjusting the computed values according to the reliability
of the data, length of record, or exposure of the gage at each site.
Also, in areas where the station distribution was very sparse, small
isolated contours would be drawn that were a reflection of the numer-
ical behavior of the RDS interpolation procedure and not of any natural
phenomena at the site. To compensate for deficiencies in the Calcomp
plots, the rough plots were entered into an interactive graphics com-

puter system that allowed manual adjustment of the contours. Using the
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Calcomp plots as a guide, smooth curves were drawn that ignored the
numerical distortions of the computer program and reflected knowledge
about individual stations or areas that could not be directly incorpo-
rated into a strict mathematical formulation. Where individual station
values were noticeably different from surrounding stations the specific
data in the area were checked to isolate the cause of the discrepancy
and reflect it in the final form of the contours. In this process
stations with Tonger records were given more weight. Professional
meteorologists were consulted on the general shape of the isolines,
especially in areas where data were scarce gr the computed values were
ambiguous. The discussions centered mostly on the seasonal maps. The
experience of these individuals and their knowledge of the dominant
meteorological phenomena in the area were helpful in confirming and

clarifying the behavior shown on the maps.

VI. NOTES ON THE ISOHYETAL MAPS

1. An attempt was made to maintain a constant contour interval on each
map. To enhance the clarity of presentation on some maps, however,
a uniform contour interval was not used over the entire area. On
these maps isolines which do not conform to the dominant contour

interval are dashed.

2. The isopluvial Tines on these maps should not be used to estimate
rainfall falling on Lake Okeechobee. There is some rainfall data
collected over the lake itself which indicates that significantly
Tess precipitation falls on the lake than on the nearby land area

(10). This data is not of sufficient quality or duration for
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frequency analysis; therefore no attempt was made to estimate return

period amounts for the lake surface area.

The predominance of convective type rainfall in South Florida dur-
ing the wet season results in much higher rainfall totals on the
mainland than along the shore or on the coastal islands. Because

of the scale to which the maps are drawn, it was not feasible to
place a series of closely spaced contours paralleling the coast.
There are also very few gages close enough to the coast to precisely
quantify the seasonal rainfall values in those areas. There is
enough information, however, to state that the wet season and annual
rainfall values within about one mile of the coast are 15 to 25

percent below the closest contour value.

The coastal barrier islands extending from Miami Beach to Key West
also exhibit a much different precipitation regime than the main-
land during the wet months. In this case there are sufficient data
available to give reliable rainfail estimates for these areas.
Again, to maintain the clarity of the maps, it was deemed inappro-
priate to draw a series of closely spaced contours between the main-
land and the coastal islands. The isolines in the Keys should be
considered separate from those on the mainland on the wet season

and annual duration maps. The northernmost contour value in the
Keys applies to rainfall estimates from there to, and including,

Miami Beach.

The primary objective of this project was to provide accurate rain-

fall estimates for the area governed by the South Florida Water
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Management District. The contours near the District boundary were
drawn only for the purpose of providing information within the
District area. The shape of these contours may have been differ-
ent had the project encompassed the entire state. The actual

values near the District boundary would not be different than shown

on these maps, however.

For this analysis the dry season was defined as the six month
period from November 1 through April 30. The period from May 1 to

October 31 was considered the wet season.

- 17 -
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APPENDIX A: Rainfall Station Information

TABLE A-1
STATION PERIOD STATIODN HAME SE TR RG
BR 71 H 1355 1976 THAYLOR CREEX - HILLIAHS 948 35 35
R T2 H 1955 1%76 THAYLOR CREEK -~ BASSETT 2 22 33 34
R T3 H 1355 1976 TAYLOR CREEXK ~ RAULERSDH 31 35 35
AR T4 H 1955 1576 TAYLOR CREEW - JUD3IOH ¢4 21 35 35
AR 15 H 1955 1%76 TAYLOR CREEK ~ DIKIE O I8 36 35
ARE TG H 19%G5 19786 TAYLOR CREEK -~ MOBLEY 6 19 38 35
Rl T7 H 1955 1976 TAYLOR CREEK -~ OPaAL 7 12 36 3e
Cyuaoal 1244 1977 PLANT IRTAKE - WPR HATER PLANT 21 43 42
DLUGLE 1933 1%77 STONEBRAKER 17 52 42
BwaYz2Rv 1907 15373 ARCREIA 25 37 24
WRDN3BY 1202 1973 AYOR PARK 22 33 28
BEM36%H 1342 1972 AYGEH PARK 22 33 23
RED390 1355 t97% EBARESOH PARK 2% 34 28
MBO4 7R 13¢1 {975 BARTOUW g 3¢ 25
KRRAG 11 1924 1980 BELLE GLADE EXPERIMENT STATION 45 44 37
kedbticH 1942 1977 BELLE GLADE BURICHHE GATE 4 26 43 38
HEUBSEH 1949 1577 HHUA RATON 1% 47 43
HBI2T7LIH 1249  1%72 CANAL PDINT BT HURRICABE GATE & 33 41 37
WEBIZTH 1453 1979 CARAL POINT U5DA 34 41 37
BRislO 1339 1967 CAFTIVA 2% 45 22
REIRg! 1941 1975 CLERNDNTY 4 23 25
HIoSd 13%1 193¢ CLEWIZTOH (CORPS #22 11 43 34
KEla349H 1344 1972 CELEWISTOH C(CURPS? 11 43 34
HEI716 1923 1338 COCONUT GROYE 75 24 55 49
REZ211g 1942 1973 DARIA 4 WHE 30 534 42
BB2233¢R 1225 1%7% DESOTO CITY &34 93 36 28
WR2827 1361 1958 EUST1S5 23 14 19 28
®WE2BSG 1324 1975 EYERELADES 14 T3 29
KE2923H 1341 1%72 FELD# -RECORDING GUAGE 28 45 23
HBE233¢6 1414 15375 FELLSBNERE 4% 23 31 37
WB3Y3V 13%6 197% FORT DRUM OSHE 29 33 35
HBI1GS3 1914 t377 FORT LAUDERDALE 17 24 42
BH3IV7! 1953 1977 LALDERDALE EKXKP 578 22 34 41
#¥B3136 1303 t9%7% FT MEYERS 91 45 24
RE3247 1341 15%7% FOBRT PIERCE af 35 49
WE3E30 1942 1973 HART LAKE 21 24 31
RBEIGNT 194t 1977 HIALEAH 18 53 41
ME3ISBA {1943 1975 HILLSBORGUGH RIYER STATE PARK 48 27 21
ka0l 1914 1977 HROMESTEARD EXPERINENT STHTIOH I35 %6 38
HESEHE 19449 195% HYFPOLUXD 19 43 43
WE43ISE 1916 1975 ISLEYORTH 17 23 28
RBSGLIE 1242 1974 FKEHDALL R2E U 25 41
WE4F70H 19¢t 1975 KEY BEST WSO AIRPORTY 26 67 29
REAERTE 1ad) 1973 KEY WEST SRECORDER % STD CaN) 29 a7 25
REZGH20 134} 1958 KIEFIMHMEE 22 2% 219
RE4B625H 1942 1972 KISSINNEE 2 22 235 23
WBde6e 1223 1978 LA BELLE G446 43 23
WEA70F 1949 1975 LAKE ALFREDP - LAKE RLFRED 28 &7 26
lkgd4r12 1923 1948 LAKE ALFRED t6 27 20
KB477} 194t 1964 LAKE HIAWASSEE g 23 28
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TABLE A-1

STHTIGN

RBAFOT
RB4845
BEd4BGE
REFOISH
RESL B2
RES3IS)
HEDG1Z
RBS65R
HES6EG3H
WBSHeHEH
WEDLYVER
WESBAS
LRSR73
REGOTSE
REBGEGS
HBEo31RH
RBE6323H
HEG480
HB6485H
BRGEIEH
BWEG6DTH
LBGIIRH
BREY205
BEFR 54
REF2EEH
WEF?3IES
BET7TEO
HBTETSH
BR7S7Y
RR?SED
MERIGH
BEBAZD
HERFFEH
BWBEEY780
REBB4L
WB3%42
HESIR4H
HE3214
BE344d
BEA%20
WRAS2E
WBAFO7
i 39
LR ] 47 H
Wh 4%H
BN S5iH
KN S4
N  SE&H
BN S6&H
23] 57

(continued)

PERIGD
1915 18¢5
1933 1968
1943 1%%8
1942 1972
13941 19779
1959 19375
1337  187:
1327 1977
12349 1977
1201 1975
1253 t97v¢¢
1913 1975
1335 1970
1242 1970
1242 1%7¢
1244 19366
1241 1%7¢
1943 1974
1342 197}
1342 1372
{940 1972
1341 1975
1341 19735
1341 1977
1249 1472
1314 194k
14%4% 1977
12449 1972
1914 1936
1356 1975
1954 1974
1938 1979
1241 1356
134 1979
1%36 1978
1301 19¥5
1923 1%VEH
1943 1965
1333 197G
1923 1960
13393 1977
1241 19738
1269 1930
1351 1990
19a7 1579
1951 1230
197 1280
12581 193¢
1281 1230
14857 138¢

STATIOH NANRE

LAKELAND WB CITY

LAKE PLARCID 25H

LAKE TRAFFORD

LIGHYMYITAE KEY
LOKAHATCHEE

NAEATHON GHORES

BELBOURHKE

HinpHMl BERCH

MIAN1 WR AIRFORTY

MIAKI WB CITY

MIANI 125 S5.H.

MOORE HAYEH LOCK 1
MOUNTIAH LAKE

HAPLES

HITTAM 135 '

HORTH NEW RIVYER ChHAL 1
HoRTH NEW RIVER ChRNAL 2
DKEEEHDBEE 5W

DKEECHUOREE HURICANE GATE &
ORLANDD RE AIRPORT

BRTONA LOCK 2

PERKBULD SHU

PLART CITY

FPONPARD BEACH

PORT HAYALA ST.LUCIE ChRHAL
PURTH GORDA

ROYHL PHALM FRANGER

ST. LUCIE HEW LOCK |
SHEFORD

SARFORD EXUPERIMENY STATICHN
SOUTH MIANI U

STUART 1IN

TARIANT Calal AT DRDE-BROL.
TRMIAMT CHAHAL 8 49 MILE BEKD
TAVERNIER

TITUSYILLE 2K

YERUS 455¥

VERDG BEARCH FAn RIRPORT
BABCHULA 2R

WEST FalLM BEARCH

WEST FrlM BEGECH AIRPORT
WINTERHAYEHR

SCeTTI BROYES

§-193 ({HG8-6> - {CORFS)

ST LUCIE LOGEK {CORPS2

POET NaYARCA LGECK (CORPSD
FRRTT AND WHITHEY

H&E5-5 (CORFR2

H&5-3% (COBRPR)

FELICANH LAKE DRAIMAGE D12
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LEY.

SE

36
a4z
35
06
32
94
11
33
34
19
|
12
27
19
26
16
27
24
35
30
268
19
29
34
2¢
A6
14
13
30
30
32
32
94
{6
26
33
7
34
33
22
31
1)
L)
35
12
2c¢
29
33
iz

iz

TP

28
37
46
64
43
66
za
a3
23
54
55
42
Z9
B9
29
45
47
37
37
Z2

g

[
u‘E

28
48
49
41
o8
39
19

19
34
37
a4
24
62
21
39
32
33
43
43
29
36
a7
39
49
41
41
82
42

RG

23
23
23
37
44
32
37
42
4 4
31
40
32
27
25
33
36

38
33
35
30
349
39
22
42
37
22
37
30
31
31
40
41
39
35
38
35
30
39
25
43
43
26
39
3s
49
37
40
37
32
37



TABLE A-1

STATION

BN
BN
131
kH
133]
Y]
[15; ]
KN
ki
BH
WM
B
]
A3 ]
KRN
it
I
2N
KN
WN
M
3]
N
KM
KM
BH
b N
KN
kN
K
kM
b M
HH
WM
KRN
BN
]
ke 4
5443

6
6!
6
65
132
6B
70H
Fe
73
FaH
T8
b
a1
a4
3%
86
&
a0
ad
93
I2iRD
1QERD
194RD
1d6H
147RD
108RD
1H5%RD
11¢RD
111RD
its
1158
125RE
135
13k
141
242K
252H
f33H

254H

Fa3gog

(continued)

PERIOD
13253 1973
19z2 1373
1a5% 19840
1423 1973
1241 1973
1933 1%8¢
1351 13340
1244 1972
1323 1973
1236 15330
1355 19330
12457 1930
1355 t9ae
1355 1=%3¢
1885 1530
1837 1380
1855 193¢
1235 13390
135% 1380
1955 1533¢
12355 1330
1355 1530
Y3ETF 193¢
1269 1980
1357 1930
13&7 1980
1437 193¢
1257 1930
1347 1972
1857 193¢
%60 1980
122% t97e
1A37  1%30
1357 193¢0
1437 1530
13522 19380
1358 1%3¢0
1352 193¢0
19%Y 1a30
1368 1930

ID PREFIXES
Agricultural Research Service

City of West Palm Beach

Dade County
U.S. Weather Bureau
Forest Service
SFWMD, Corps, Lake Worth Drainage District

STRTION HANE

BEHBOW - US BUGAR

LIBERTY POINT - U5 SUGAR

HE5-2 STANDARD CaH

PELICAN 34 - US SUGHR

RURYON - US SUGAR
RITTH - US SULGAR
HGS-4

SOUTH SHORE - US SBGHR

SOBTH BAY - U5 SUEBAR

5-%A RECORDER
GREEHACKES

MABTEE FLABTATICH @ & MI BEWD
LAKE WORTH RCEAD ARD EX
ROYNTON ROAD AND RILITRHEY

SRES4 HEAR TURNPIKE
SHaWAND FPUMNP 6
SREH4 #HD SRT

LAKE HDFETH DRAINAGE DIST. OFFICE
SREEDG V.9 MILES KEST OF DELRAY

SRE46 AKBD SRY
BOCH RATON @ GSR441
BROA ED & FORERLIBE

L

FOWFARD FARMERS MARKET
COBSERYATION ARERA 3 - 26

KEY GROVES

DIXIE KWATER PLANT
SEVELL'S LDCK
EARROLL RANCH
FLaNINGDG GROVES
GILL REALTY

5-9

TOWRHSITE - US SUGAHR

PELIEAM LAKE DRAIRAGE DI}

FABOKEE 2
DEERFIELD LOCK

SOBTH FLODRIDA FIELD LAR IHNOKALEE

EORGERYATIOH ARER
COHSERYATION ARER ]
COBSERYATIOGN ARER 2
DEYILS GARDEN TOWER
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»

4
17

SE Section
TP  Township
RG Range

SE

20
a4
11
34
tg
28
26
43
13
32
23
18
31
23
2b
11
31
11
iy
15
18
i6
33
28
03
8]
1%
16
24
33
27
17
H2
27
35
29
34
18
14
34

P

42
32
43
82
43
83
43
44
44
83
44
44
34
45
45
45
45
46
46
46
§7
47
48
49
59
50
514
54
50
50
50
43
42
42
87
46
45
46
48
$ 4

R&

33
33
34
37
37
28
36
36
36
44
42
i3
42
42
42
38
42
42
42
42
42
42
42
349
40
42
41
40
49
41
39
34
37
38
42
23
40
4%
39
32



APPENDIX B: Estimating Return Period Values (Gumbel, 1954, (5))

Calculate moment estimates of the mean, M, and standard deviation, S.

N
M = (z X,)/N
j=1 ?
N L
s¢= 1 (x, - M2/ (N-1)
i=1

N is the number of years of data at the station and X is the set
of annual maximums or seasonal totals depending on the rainfall

duration under study.

Using Table B-1 determine the expected mean, ;, and the expected

standard deviation, o, for a fixed sample size, N..

Compute value of Y
Y = ~ 1In {-In{p))
where p is the non exceedance probability for a specific return

period.

Determine return period estimate of rainfall, Xf.

X. = M+2 (Y -y)

a|wn
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*
TABLE B-1

N Y o
15 513 1.021
20 . .524 1.063
25 531 1.091
30 .536 1.112
35 540 1.128
40 544 1.141
45 546 1.152
50 549 1.161
60 552 1.175
70 555 1.185
80 557 1.194

*Reference 5, p. 29,
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APPENDIX C: GLOSSARY OF TERMS

ANNUAL SERIES - A data set composed of the maximum rainfall amount,
for the desired storm duration, recorded in each calendar year
of the period of interest.

ISOHYETALS - Lines of equal rainfall depth (in inches for this report)
produced by some type of interpolation among the nearest rainfall
measurement stations.

OBSERVATIONAL-DAY RAINFALL - Daily rainfall data taken from gages
that are read once a day. Some of the rain may have occurred on
the calendar day before or after the date the amount was recorded.

PARTIAL DURATION SERIES - The data set composed of the maximum rain-
fall amounts, for the desired storm duration, recorded in the period
of interest. The number of data points is equal to the number of
years in the period, although there may be more than one storm from
from some years and no storms that qualify from other years.

RETURN PERIOD - A statistically derived time interval during which a
specific rainfall amount is Tikely to be equaled or exceeded one
time.

TWENTY-FOUR HOUR RAINFALL - Cumulative rainfall for any continuous

twenty-four hour period ending on the date the amount was recorded.
Collection of this type of data requires a recording rain gage.
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