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PREFACE

Authority. This report was prepared for the
Soil Conservation Service to provide generalized
rainfall information for planning and design pur-
poses in connection with its Watershed Protection
and Flood Prevention Program (authorization:
P.L. 566, 83d Congress, and as amended).

Scope. Precipitation data for various hydro-
logic design problems involving areas up to 400

‘square miles and durations of 2 to 10 days are
presented. The data consist of generalized esti-

mates of rainfall-frequency values for return pe-
riods of 2 to 100 years, ,

Accuracy of results. The accuracy of the gen-
eralized estimates depicted on the rainfall-
frequency maps presented in this report is believed
to be adequate for most engineering purposes.
The accuracy of the results obtained is greater
than might be expected from the approximately 65

stations used since the approach involved the use
of the 24-hour rainfall-frequency maps of Z'ech-
nicol Paper No. 42 [1] as a base. These maps were
constructed from data for about 120 stations.
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TWO- TO TEN-DAY RAINFALL FOR RETURN PERIODS OF 2 TO 100
YEARS IN PUERTO RICO AND VIRGIN ISLANDS

1. INTRODUCTION

“Generalized Estimates of Probable Maximum
Precipitation and Rainfall-Frequency Data for
Puerto Rico and Virgin Islands,” [1] presents esti-
mates of rainfall-frequency values for durations
of 30 minutes to 24 hours and return periods of 1

to 100 years. The present report is an extension

of that work. In a series of maps and diagrams
this report provides generalized estimates of the
rainfall-frequency regime of Puerto Rico and
Virgin Islands for durations of 2 to 10 days and
for return periods of 2 to 100 years.

A relation for obtaining 2-year 10-day rainfall
values from 24-hour data and orientation was
developed (fig. 4). The 2-year 10-day maps were
then constructed (figs. 29 and 53). These maps
were used in combination with a 100-year to 2-year
ratio map for Puerto Rico (fig. 7) and a uniform
100-year to 2-year ratio for the Virgin Islands to
prepare the 100-year 10-day maps (figs. 34 and 58).
These 4 maps, the 2-year and 100-year 10-day maps
for Puerto Rico and the Virgin Islands, together
with the 24-hour maps from [1] were then used
with generalized duration and return-period inter-
polation diagrams to provide estimates for a 560-
point grid for 44 additional maps (22 for Puerto
Rico and 22 for the Virgin Islands).

2. BASIC DATA

Summarization of data. First, daily rainfall
data from 32 stations, 24 in Puerto Rico and 8 in
the Virgin Islands, were summarized into
sequences of 1 to 10 days. The stations (solid
square symbols in fig. 1) were so distributed geo-
graphically as to represent the various rainfall
regimes. These data were the basis for develop-
ing the duration-interpolation diagram. The
return-period—interpolation diagram used in a
previous study [2] was tested using these data
(Sec. 4). One- and 10-day data were then sum-
marized for 28 additional Puerto Rican and 6
Virgin Island stations. The locations of the sta-

tions are shown as open squares in figure 1. These
data were used to supplement the data from the
first group of 32 stations to develop the relation
between 1- and 10-day amounts.

Period and length of record, Data for the 32
stations in the first category were tabulated for the
50-year period, 1914-63. However, there were
relatively few stations in operation during the
entire period. The average length of record avail-
able from these stations was 38 years. In a few
cases data prior to 1914 were tabulated to obtain
sufficient length of record. Data for the 34 sta-
tions in the second group were tabulated for the

_ 20-year period, 1944-63. Breaks in record at some

stations necessitated tabulation of data prior to
1944 to obtain a 20-year record. Inorder to obtain
a better sampling of the various rainfall regimes,
data for other periods of record at favorably lo-
cated stations not in operation during the period
1944-63, were also used. In some cases, a 20-year
record was not available. In no case, however,
was less than 10 years of data used. The average
length of record for all stations in the second group
was 19 years. Table 1 groups the number of pre-

cipitation stations used by length of record. '

TaABLE 1.—Precipitation stations grouped by length of
record

Stations for which Stations for which

Length of record data were summar- | data were summar-
(years) ized for sequences 1zed fox('] %nly 1and
10 days

from 1 to 10 days

4
1
29

goa»wwwn—-ww

34

Station exposure. In refined analysis of mean
annual and mean seasonal rainfall data it is neces-
sary to evaluate station exposures by methods such
as double-mass-curve analysis [3]. Such methods
do not disclose changes in exposure when applied

1




67°15' 67°00" 66°45' 66° 30 66°15' 66°00" 65° 45"
T T

A 7L A N A AR o ¢ E A4 N

g0 P UERTO R/ C 0O 180

30

18 " . 180

)
15 ) ) o 15"
. ‘ . . . v . . )
.
oS : a
| : LIRS . S a" ) )
. i P el s . ; .
Lo ; : » . )
i L] : : B o
! . : . - .
) o . . .
188 o : . 199 -

) N e B e

67°15' 67°00" .. 66°45' 66° 30" E g 66°15" 66°00" i 65°45
» Stations for which daily precipitation dato were ized for all 11010 days. .
e s
o Stations for which daily precipitation. dota were summarized for 1.and 10 days only. - i 1
00" . es* 30 65°157 200']
(o0 o] e R s2r0e] ‘.ao .
g i i K i QUES  isLaND
o VIE
MONA ISLAND CULEBRA {1SLAND

) . XS i,
T | o
15' -
ey oy oo,
starute Mues : e U, W —

L -
: 65°05" i 65°00" E - 64°55' 64°50" 64°45' 84°40"
= § - ] =) T T T o
' N AT L A NV T/ C 0O C £ A N|

: < e W‘WAS ISLAND . | sT._ /OI-IN 7sLanp
vy N X = F{\’\%
)t Qj”\%“i S .a”N e |

r\‘\n?/\\,:g o
o 2 T4 13 8 ©
SCALE. STATUTE MILES

18" ' ' 18*
18 65°08" 85000' 64°55' 64050’ ’ 64°as’ . 64040 s’

m  Stations for which daily precipitation data were summarized for all sequences 1.to 10 days.

o Stations for which daily precipitation data were summarized for 1 and 10 days only.

64058’ 64°50" 64°45° 64°30" 64°35" 84°30"
! \7e
50" i o

ST. CROIX .. ISLAND

17

%
L] o
/ﬂﬁ;\\/
C AR/ B B E AN S E A
1 : | 1 1 17e
“Shoss 6a°50" sa%as’ 64°40' T easss' s4°30%7

Fieure 1.~—Precipitation stations.




to a series of extreme values. Selection of stations
was limited to those which had not moved more
than 5 miles and station elevation had not changed
more than 100 feet during thé period of record
used. Stations that satisfied these criteria were
considered to have had a consistent exposure and
no attempt was made to adjust their rainfall values
to a standard exposure.

3. DURATION ANALYSIS

n-hour vs. observational-day rainfall. Since the
basic data consisted mostly of observational-day
amounts, relations developed in an earlier rainfall-
frequency study [2] between observational-day
data and corresponding n-hour amounts, i.e., the
2-observational-day to 48-hour, the 3-observa-
tional-day to 72-hour, etc., were used. These rela-
tions were developed using hundreds of years of
data from widely scattered stations in the con-
tiguous United States. Some of these stations in
the southeastern States have rainfall regimes sim-
ilar to those of Puerto Rico and the Virgin Islands.
Comparison of ratios based on data for San Juan,
Puerto Rico with those for stations in the contigu-
ous United States indicated the use of ratios devel-
oped for [2] was reasonable. These relations are
ratios of the mean of the annual series (Sec. 4)
of the n-hour rainfall to the mean of the annual
series of the corresponding observational-day data.
The adjustment factors are shown in table 2. The
conversion factor between the observational-day
and n-hour amounts is an average relationship.

Duration-interpolation diagram. A generalized
relationship was developed for estimating rainfall
for any duration between 2 and 10 days for a se-
lected return period when the 2- and 10-day
amounts for that return period are given (fig. 2).
This generalization was obtained empirically from
data for 32 stations (Sec. 2). Puerto Rican and
Virgin Island stations were identified separately
~ but no consistent differences could be determined.

TABLE 2.—Empirical factors for converting observational-
day eamounts to the corresponding n-hour amounis

Observational- Conversion Observational- Conversion
day factor to n-hour day factor to m-hour
2 1.04 7 1.02
3 1.03 8 1.02
4 1,03 9 1.01
5 1,02 10 1,01
6 1,02

Attempts to separate the stations into northern and
southern exposures or other regionalizations failed
to yield a consistent relationship. .

The duration-interpolation diagram was devel-
oped using data for the 2-year return period. Sim-
ilar diagrams were developed for other return
periods and no significant differences were found.
Thus the relation of figure 2 is considered appli-
cable within the range of return periods covered
by this report. To use this diagram, a straightedge
is laid across the values given for 2 and 10 days,
and the amounts for other durations are read at
the proper intersections.

4. FREQUENCY ANALYSIS

Two types of series. Frequency analyses of rain-
fall data are based on one of two types of data
series. The annual series consists only of the high-
est value for each year. The partial-duratibn
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Freure 2.—Duration-interpolation diagram.




series recognizes that the second highest of some
year occasionally exceeds the highest of some other
year, and utilizes all items above a base value which
is selected to yield n-items for n-years. The high-
est value of record, of course, is the top value of
either series, but the lower values in the partial-
duration series tend to be higher than those of the
annual series.

The purposes served by this publication require
that the results be expressed in terms of partial-
duration frequencies. In order to avoid laborious
processing of partial-duration data, the annual
series were collected, analyzed, and the resulting
statistics transformed to partial-duration statis-
tics. Consequently, the maps of figures 11 to 58,
are, in effect, based on partial-duration series data.
These data may be converted to annual series data
by multlplymg by the factors given in table 3.
These factors are the same as those developed for
a previous study [2]. The two types of data series
show no appreciable differences for return periods
greater than 10 years.

Frequency considerations. Extreme values of
rainfall depth form a frequency distribution which
may be defined in terms of its statistical moments.

Investigation of hundreds of rainfall distributions

with lengths of record ordinarily encountered
(usually less than 50 years) indicates that these
records are too short to provide reliable statistics
beyond the first and second moments. The dis-
tribution must therefore be regarded as a function
of the first two moments. The 2-year value is a
measure of the first moment—the central tendency
of the distribution. The relationship of the 2-year
to 100-year value is a measure of the second mo-
ment—the dispersion of the distribution.
Return-period diagram. The return-period di-
agram of figure 3 was obtained by the method
described by Weiss [4]. The two intercepts re-
quired are the 2-year and 100-year values obtained
from the maps of this report. Tests with data
from Puerto Rico and the Virgin Islands and
other regions have shown that within the range
of the data and the purpose of this paper, the
return-period relationship is independent of dura-
tion. Thus, given the 2- and 100-year return-
period values for a particular duration, a straight-
edge is laid across these values on the diagram
and the intermediate values determined. If values

4

TABLE 3.—Empirical factors for converting partial-durae-
tion series to annual series

Return period " Conversion factor - |
2.91. 0.88
5-yr. 0.96
10-yr. 0.99

for return periods between 2 and 100 years are read
from the return-period diagram, then converted
to annual series values by applying the factors of
table 3 and plotted on either extreme or log-normal
probability paper, the points will very nearly de-
fine a straight line.

Seoular trend. The use of short-record data
introduces the question of possible secular trend
and biased sample. Routine tests with subsam-
ples of equal size from different periods of record
for each of several stations showed no appreciable
trend, indicating that the direct use of the short-
record data is legltlmate :
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5. ISOPLUVIAL MAPS

RBelation between 2-year 24- and 240-hour
amounts. It was necessary to develop a relation-
ship for estimating 10-day values for points in
regions for which data were either unavailable or
inadequate. Since a generalized chart of 2-year
24-hour rainfall was already available, the values
for this duration ‘were selected to develop such a
relation. Observations from 66 stations (sec. 2)
provided the basic data. Comparison of the
meteorological situations resulting in heavy rains
and examination of the rainfall-frequency char-
acteristics of Puerto Rican and Virgin Island
stations indicated some regional differences.

Puerto Rico and the Virgin Islands are located
on the northern edge of the Carribbean Sea in the
path of the northeasterly trades. The primary
orographic feature of Puerto Rico is a range of
mountains oriented east-west. In the Virgin
Islands generalized elevation contours show a pri-
marily east-west ridge orientation. The stations
on the northern slopes of these ridges are favor-

ably exposed for almost daily showers which are

orographically augmented. These stations, there-
fore, indicated a higher 10- to 1-day ratio than
those on the leeward or southern slopes. The

@ <1 N

2-YEAR 10-DAY RAINFALL (INCHES)

-]

] l 1 | i |
2 3

6
2-YEAR |—DAY RAINFALL (INCHES)

F16UBE 4.—Relation for estimating 2-year 10-day rainfall.
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stations were separated into windward and lee-
ward groups and separate curves were drawn (fig.
4).

In the development of the relationship of figure
4 all 24-hour data were adjusted to the correspond-
ing 1440-minute amounts. The 10-day values
were adjusted to the corresponding 240-hour
amounts. The correlation coeflicient between the
computed and estimated amounts was 0.85, with
a standard error of estimate of 0.8 in. The mean
of the computed values was 9.3 in. The scatter
of estimated vs..computed values is shown in fig-
ure 5.

Smoothing of isopluvial maps. The analysis of
maps involves the question of how much to smooth
the data. An understanding of the degree of
smoothing in the analysis is necessary to the most
effective use of the maps. The problem of draw-
ing isopluvial lines through a field of data is
analogous to drawing a regression line on a scatter
diagram. Just as an irregular regression line can
be drawn to every point on a scatter diagram, the
isolines may be drawn to fit every point. Such
a complicated pattern of many small highs and
lows would be unrealistic in most cases. There
is a degree of inconsistency between smoothness
and closeness of fit. Analysis must strive for a
balance between the two, sacrificing some closeness
of fit for smoothness and vice versa. The maps of
this report were drawn so that the standard error
of estimate was commensurate with the sampling
and other errors in the data and methods used.

2-year 10-day maps (figs. 29 and 53). The rela-
tionship (fig. 4) described in the preceding para-
graphs, and the 2-year 24-hour maps of [1] were
used to estimate the 2-year 10-day values for a
grid of 560 points, about 490 points on Puerto
Rico and 70 points on St. Croix (fig. 6). Also
plotted on the map were the data for the 66 sta-
tions (fig. 1) for which 10-day data had been
tabulated. On these and similar maps all precipi-
tation data have been adjusted by the factors of
table 2 to n-hour amounts, i.e., the 2-day map pre-
sents 48-hour amounts, the 4-day presents 96-hour
amounts, ete. B -

Ratio of 100-year to 2-year values. A map of
Puerto Rico (fig. 7) was prepared showing the
100-year to 2-year ratio for 10-day amounts. This
map was based on data for 52 stations (sec. 2).
The ratios indicated a smooth geographical pat-

5;
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FIGUBE,5.—Test of relation of figure 4.

tern. The ratio varied from 1.6 to 2.5 with an
average about 2.1. The highest ratios were along
the southern and northern coasts. The lowest
ratios were along the northern slopes of the moun-
tains. These‘ variations are meteorologically rea-
sonable. The highest ratios are in regions where
orographic influence is not the most important fac-
tor. Rainfall in these regions results primarily
from atmospheric processes of lifting, the princi-
pal causes being easterly waves or cold fronts pene-
trating far enough south to produce rainfall over

6

.Puerto Rico. The lowest ratios are over the wind-
ward northern slopes where rainfall caused by
atmospheric lifting is supplemented by frequent
oorographic showers. These showers are produced
by the lifting of the easterly trade winds over the
mountains. The lower ratios in regions of oro-
graphic precipitation are consistent with the re-
sults found in a previous study [5].

In the Virgin Islands the rainfall regime is sim-
ilar to that of Puerto Rico except for a lessening
of the orographic effect. Plotting the data for the
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14 stations (sec. 2) in the Virgin Islands revealed
no consistent geographical variation. Differences
between stations were small so a uniform ratio of
2.5 was adopted. , '

- 100-year 10-day maps (figs. 34 and 68). The
100-year 10-day values were computed for the grid
points of figure 6 by multiplying the values read
from the 2-year 10-day map by those from the 100-
to 2-year ratio map for Puerto Rico or by 2.5 for
the Virgin Islands. As a further aid in the anal-
ysis of the isopluvial pattern, the 100-year 10-day
values computed for the 66 stations for which data
had been processed were also plotted.

44 additional maps. For the 44 intermediate
maps required for this report, values were com-
puted for the 560 grid points (fig. 6). First, val-
ues were read from the 2-, 5-, 10-, 25-, 50-, and
100-year 24-hour maps of [1] and the 2- and 100-

- FieuBe 6.—Points for which rainfall-frequency data were computed.

year 10-day maps. Then, the duration-interplo-
lation diagram (fig. 2) and the return-period dia-
gram (fig. 3) were used to compute amounts for
the grid points.” The frequency values computed
for stations for which data were processed were
also plotted on each of the maps. Isolines were
then drawn. Pronounced “highs” and “lows” are
positioned in consistent locations on all the maps.
The 48 rainfall-frequency maps (24 for Puerto
Rico and 24 for the Virgin Islands) are shown at
the end of the text (figs. 11-58). :
- Reliability of results. 'The term is used here in
the statistical sense to refer to the degree of confi-
dence that can be placed in the accuracy of the re-
sults. The reliability is influenced by the accuracy
of [1] and the accuracy of the relationships devel-
oped for this report. The accuracy of the results
presented in [1] was discussed in that report. The

3
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reliability of the relationships developed for the
present study was assessed by reference to scatter
diagrams of observed vs. estimated values. The
scatter of points in these diagrams may be largely
the result of sampling error in time and space.
Sampling error in space is a result of: (1) the
chance occurrence of an anomalous storm which
has a disproportionate effect on the record at a
station as compared with that of a nearby station,
and (2) the use of station data that are not repre-
sentative of the rainfall regime of the surround-
ing area. Similarly, sampling error in time re-
sults from the use of data for a given period that
is not representative for a longer period. Elim-
ination of all sampling error, however, would still
leave some scatter, indicative of the geographic
variation unexplained by the graphical relation.

Tests of individual relationships used to esti-
mate point rainfall amounts for various durations
and return periods do not indicate the accuracy of
the final generalized maps.  The reliability of
these maps can be partially assessed by compari-
son of the values indicated for various precipita-

8

tion stations with those computed directly from
their records. Figure 8 shows such a comparison
for the 10-year 4-day amounts. Similar compari-
sons were made for other durations and return
periods and the results were very nearly the same.

The data of figure 8 show essentially no bias.
The scatter of points results from the generaliza-
tion procedures used in the development of the
maps. It would be impossible to produce on maps
of reasonable scale sufficient detail to accurately
represent every point. The standard errors of
estimate, however, are less than the 20 percent of
the mean generally considered acceptable for this
type of data. Of course, this test does not elimi-
nate possible errors of larger magnitude in those
areas where lack of observed data preclude com-
parisons with estimated values.

Smoothing values read from the maps. The
complex patterns and steep gradients of the iso-
pluvials combined with the difficulties of interpo-
lation and accurate location of a specific point on
a series of maps might result in inconsistencies in
data read from the maps. Such inconsistencies
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can be minimized by fitting smooth curves to a
plot of the data obtained from the maps. Fig-
ure 9 illustrates two sets of curves on logarithmic
paper, one for a point (a) 18°17730"” N., 67°47/30""
W. and the other (b) at 17°57/30”” N., 66°55" W.
Data for the 24-hour values for these curves have
been taken from [1]. An alternative procedure
would be to read these values from the duration-
interpolation diagram (fig.2).

764-258 0—65——3 .

In regions where the isopluvial pattern is rela-
tively simple and exhibits flat gradients, minor
differences in locating points. have less effect on
the interpolated values, and the plotted points will
more clearly define a smooth set of curves. In
mountainous regions complex patterns and steep
gradients complicate interpolation, and the curves
will be more poorly defined.

Interpolated values for a particular duration

9
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should define an almost straight line on the.return-
period diagram of figure 3. Also, the interpolated
values for a particular return period should very
nearly define a straight line on the duration-
interpolation diagram of figure 2.

6. DEPTH-AREA RELATIONSHIPS

Any value read from an isopluvial map is the
depth for a point for a particular return period
and duration. The depth-area curve attempts to
relate the average of the point values over an area
to the average depth over that entire area for a
particular return period and duration. The
curves of figure 10 depict the relationship for dura-
tions of 1 to 10 days and for areas up to 400 square
miles, and are to be used in reducing the point
values of rainfall shown on the maps of figures 11
to 58 to areal values. These curves are the same
as those of [2] and are based on 27 dense raingage
networks in the contiguous United States. A sur-
vey failed to reveal any dense networks in Puerto
Rico and the Virgin Islands that could be used to
test the relationship. Some of the networks used,

10

however, were from regions with a somewhat simi-
lar climatic regime. KExamination of the data
from these networks suggested that the adopted
area-reduction curves are applicable.

7. SEASONAL VARIATION

The basic data for the rainfall-frequency maps

of figures 11 to 58 show seasonal trends. Some
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Fieure 10.—Depth-area curves.




months may contribute most of the annual series or
partial-duration series data used in the frequency
analyses, while other months may contribute little
ornothing. Also, months contributing most of the
series data for the shorter durations, say, one or
two days, may not be the same as those contributing
most of the data for the longer durations, say, nine
or ten days. A seasonal probability chart for 24-
hour rainfall for Puerto Rico and the Virgin Is-
lands was presented in [1]. Seasonal probability
curves were not derived for this report because it
appeared that their usefulness was not commensu-
rate with the costs of collecting and processing the
additional data required for their construction.
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FIGURE 22.—100-year 4-day rainfall (in.) for Puerto Rico.
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FIGURE 28.—2-year 7-day rainfall (in.) for Puerto Rico.
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FIGURE 24.—5-year 7-day rainfall (in.) for Puerto Rico.
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F16URE 25.—10-year 7-day rainfall (in.) for Puerto Rico.
67°15" 67°00" 66° 45" 66° 30" 66°15' 66°00" 65°45"
= L P UERTO R/C O o
—_ v 30
13 it T
Guebramy —-—
R m?.ih:{ e -
vos fonos N\ Too Bojo Constencia
Gusoradh o oo i85
v
< N )
San Shhostion ~ Di.e::’/ | Goreton aw
12 o 14—
!S-’ s utdage Cameslo Falls. jof1se
/ R ————
g — o] b
-~ Zgs vom o
—~ Borrotais N
1 Ragro Reyadvoir S cigo3E
e e — T,
Villolsa 2K banito
—_ .
[ S S I =
o % . . 16 SorLaento Vadhs Farm
e Son'German  Sabdha Grande soomdate .
. Coritd Camp Tmel vadzoo
talos Sonta fta g tones  ecoamo fown O PO ias o
e ™ Vouclis / / Pofolo Cooms Bom i dueres | . 180
hy Sentfol $an Franclsco 16 14° Aguirrg 2 ostto g s 3nne
s §7 9 i
- 14
67°15' 67°00' 66°45' 66° 30" 66°15' 86° 00" 65° 45"
25-YEAR 7-DAY RAINFALL (INCHES) 20 o
o0’ or o] fos 3o i o] Al
i s PUE GO
HONA ISLAND CULEBRA |1stans VIEQUES ISLAND
ns
S5
e I
5 :
50 s 5300

STATUTE MiLES

F16URE 26.—25-year 7-day rainfall (in.) for Puerto Rico.
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F1aURE 27.—50-year 7-day rainfall (in.) for Puerto Rico.
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F16URE 28.—100-year 7-day rainfall (in.) for Puerto Rico.
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FI16URE 29.—2-year 10-day rainfall (in.) for Puerto Rico.
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21




67°15" 67°00' 66° 45 66° 30" 86°15 66°00" 65°45'
| i l !
180 P UERTO R/ C O 18°
30 — 30"
o & uabra N
240 More comp Arecibo 2ESE \
10 IRV st
BT~ . &
N R Guitachoem N < L e
. < / |
Boyiney ] . L \ !
"son sihostian o —— tosBocos Fgten o Covotal ow i
P H
e ~ 2 o \
Adsco N
- 12 . .
camerlo Falls N . I
15 ~—15— R IIGmha 15"
w1 . o Ofocovis B e
Lis sofuye [——gefa " |
4 mateufias oom 3 Son Ljdénzo Espino
| ﬂ > BareotiaNos cidese Z
R et
st A - —ren — —— — I mim .
/ ~ - | cBonites vitab Coxgy INW !
Cat Fele ) \ pesads e o N N Somtore Yo farn
Fuarte red ) 14 JolomAits N
— Corite Camp Tummal. o Yohee
ok Voot /| 7 oo —=
180 1 Youch 15 B.Qoumn Bom_Rio Jueyes | o 18°)
o0 ! / Ve NI T TN e metonhgam Gooyamo o i 0
3 A R gy W
niods 73 1 N
12, 1
67°15' 67200 66°45' 66° 30" 66°15" 66°00" 65° 45
10-YEAR 10-DAY RAINFALL (INCHES) R e ]
15 P’y 15
o v 5o T o &
o 5] 1% PUECY
MONA ISLAND cuLEsRa |istano VIEQUES ISLAND
104
st D
cl 'bﬁ"\}
] i
o3+ 30" s 500!
StaTuTE Mies o e
P [ i 2 " 33, " [e5vas” 65'30" 1]
F1auRrE 31.—10-year 10-day rainfall (in.) for Puerto Rico.
67°15" 67°00" 66° 45 66° 30" 66°18" 66°00' 65° 45
| ! |
180 P UERTYR R/ C O e
30 L 6
- N\
avacifo zesE T\
Laadaos N\ Moot A
— 9
<
< BaySaer 0:/ 0 a p
—5 | doxocas Fr/ o Kmolous ™™ ™~
P~— S~
Y
8 urdade comarlo Fats 4
¥ 8 wga.hmcwh
yehen Dam parclautos
evoir
"Aguin o
T &
Cloniitas Vilatdo
» nas *¢ (Town)
o kT Goans Som Ao wams o
oo’ é o S
b nts an Francl
A |
% 18 - :
67°18' 87°00' 66° 45 66° 30" 66°15' 86°00' 65° 45/
25-YEAR 10-DAY RAINFALL (INCHES) T
65* 18" 63700
53
VIEQUES ISLAND
MONAISLAND CULEBRA |ISLAND
27 \M\Q
ona taland B
2.), <
Lo
Py 500
swuTe Mies
o Y

22

3 : : ; M

F1e¢URE 32.—25-year 10-day rainfall (in.) for Puerto Rico.
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F1cURE 33.—50-year 10-day rainfall (in.) for Puerto Rico.
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FI16¢URE 34.—100-year 10-day rainfall (in.) for Puerto Rico.
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F16¢URE 35.—2-year 2-day rainfall (in.) for Virgin Islands.
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F16URE 36.—b5-year 2-day rainfall (in.) for Virgin Islands.




65°05' 500" 6455’ 64°30' sa%as’ 6a%40'
= ) T T T P
N ; AT L A N T !/ C o C E AN
’ m ST.\ THOMAS [SLAND ‘ ST JOHN  ISLAND
J 6.6 < «q
”%Cj 85 e 8.4 I = M\ﬁ_
. 1’4 f\*\ ooy o , s R
(i Seanchmons Bay -
g : 4?
a >
P
8" 180
15 . 65%08 65°00' 6avss’ 64%50' 64045 64%a0" 15"
o 2 4 L3 L] 10
e
SCALE! STATUTE. MILES
10-YEAR 2-DAY RAINFALL (INCHES)
6485’ 64°50' savas’ 64°40' 64035 sar30t
"
ST.,, CROIX ISLAND
0
7
B e &
®Fradarichated {Jolly: Hi .
* [ope Exp. Sta.
= |
8 B8 £ A N S £ A
17¢ | I 1 178
e 64+50" 64%45 64240 6a°35' cae30*
FIGURE 37.—10-year 2-day rainfall (in.) for Virgin Islands.
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FIGURE 40.—100-year 2-day rainfall (in.) for Virgin Islands.
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TIGURE 41.—2-year 4-day rainfall (in.) for Virgin Islands.
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FIGURE 42, —5-year 4-day rainfall (in.) for Virgin Isldnds.
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FI16URE 43.—10-year 4-day rainfall (in.) for Virgin Islands.
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F16URE 44.—25-year 4-day rainfall (in.) for Virgin Islands.
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FI1gURE 45.—50-year 4-day rainfall (in.) for Virgin Islands.
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F1GURE 46—100-year 4-day rainfall (in.) for Virgin Islands.
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FIGURE 47.—2-year 7-day rainfall (in.) for Virgin Islands.
ese0s’ 68000' 435" e4°00' eavas’ 64%a0’
- - S T T T o
N ‘ AT L A NT I C o ¢ £ AN
: m ST.\THOMAS ISLAND ST IJOHN ISLAND
é’ 7. = -« q
Vﬂ{j 102 - 9.8 o= d"a’w" F‘\(—\F—\/ﬁ_
ﬁ "U‘T‘m Especonce e.vcmm:\n:::. L . }k}‘/\/ American Hi %
- i ) - .
|2.v.' Trumon Fioid() \) l{) }..cwm” Amalie Estote i 3 o
" eter bk M l\W s
23 a?
& o
o
"" 18¢
s 68°08' 63400" .. 64vs3 6450 s4vas' 64%40' - I
o 2 ) K ] o
e e O el
N SCALE STATUTE MILES
5-YEAR 7-DAY RAINFALL (INCHES)
casss’ 450" sasas’ 64°40" 64038 a3
e 50'
ISLAND
U Ao 9
. l\ / wkﬁ e
SFragarichsted (Jolly e J . — ) ‘
®Advanture :
Alaxander Homilten FAJ WJ/“
cC A R I B 88 F£ A N S £ A
179 - | 1 174
45k 64%40" g4038' 6403047

F16URE 48.—5-year T-day rainfall (in.) for Virgin Islands.
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FIGURE 49.—10-year 7-day rainfall (in.) for Virgin Islands.
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F16URE 51.—50-year 7-day rainfall (in.) for Virgin Islands.
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FI1GURE 52.—100-year 7-day rainfall (in.). for Virgin Islands.
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FIGURE 53.—2-year 10-day rainfall (in.) for Virgin Islands.
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FIGURE 54.—5-year 10-day rainfall (in.) for Virgin Islands.

33




65°05" 65°00" 64°55" 64°50" 64°45" 64°40"
5 S - . %
N AT L A N T/ C 0O C E A N}
@ m ST.\THOMAS ISLAND ST !IOH/V ISLAND
10,7 = -
g \)!\J“n:mnn Ay e T
L -136 132 o
ﬁ %800ns Esperance ne lvl-nlh‘nw . Amarican Hill
Ehartotts Amotis
18® )1248/"@ l '“ -’: - LO)'Z-" Boy 18°
20' Teaman Fleid() \S Y i‘cnmum Amalis Estote L\W \NV?AVE P
o I Frenchmons Bay «
4 fig
A o=
Po
iey 180
1 65°08' 65°00" 64°55' 64°50" 84°45' 64°40" s
o 2 4 6 8 0 ‘
= __—_—}
T " SCALE{ STATUTE MILES N
10-YEAR 10-DAY RAINFALL (INCHES)
64°55" 64°50' 64°45' 64°40" 64°35' 54'30'.
% s
S ‘7; CROIX  ISLAND
14, 15
1 A3 b2
12 14 /ﬁ s 7ol
45" Annoly w Fort A a5
®Fredericksted ol Hill
orgenare T -::—\/\—";:; 105
Atesander Homilton FAR AP®_
////f)ﬁs"/
107 cC A R/ B8 B £ A N S £ A
17°] 1 H 1 179
s 64+50" sasas' 64°40' 6a035' 54+307
FIGURE 55.—10-year 10-day rainfall (in.) for Virgin Islands.
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F1eure 56.—25-year 10-day rainfall (in.) for Virgin Islands.
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F16URE 57.—50-year 10-day rainfall (in.) for Virgin Islands.
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FI6URE 58.—100-year 10-day rainfall (in.) for Virgin Islands.
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