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PREFACE

“Clock-hour" precipitation rate distributions may be converted to distributions
of precipitation rates measured over l-minute and/or 4-minute intervals (some-
times referred to as "instantaneous' precipitation rates) using the models presented
in this report. The models, their development, and their uses are described. They
have been developed over a period of years., Particular note should be made of the

contributions to this technique of Lt Col Gorden A. Beals, and Maj Patrick J. O'Reilly

while assigned to USAFETAC.

It is apparent that distributions of precipitation rates over short time periods

will be different from rates measured over longer timc periods because of the aver-
aging effect in the latter measurements. For practical purposes rates measured over
l-minute intervals may be used for most applications requiring short period distri-
butions, although even these (l-minute rates) are composed of highly variable
shorter term rates.

el coadins

i bt e g3 el




July 1976

REFERENGES ¢ » o « o

TR TS A

Tacle

Table

ke

e

yanklin,
Franklin,
Franklin,

v

r

Y

[4

1]

o
e
U

T 1A
€22 1.
B

igeLe Af.

Lo 2 o

vatle 1o,

HO\W

.

3

o

o

e

®
NN k=

Table 22. burg,
Lo - D2
L1 8&0le 23, CIeLonrg,
| Table 24, Treiburg,
4 acle 26. =
| Nou B ¥ ~r?
; Taole 27.

e Q1
(- Q5 Y v
e
32
| !
o s
|
| Wo vy
| . a eng
| ’

5. Da Neng,

Method
velopment and Use of

Surmary and Conclusions.

Tabrle 2, Number of
Tacle 4. u
3 Table 5.
Taktle €.
' Majuro Atoll,
& Majuroc Atoll,
2 Majuro Atoll,
Tarle 10.
Tzble 11. Miami, Florida
— - . & .
Table 12. Hiami, Florida
b}

Beach,
Beach,
Beeach,
Island,
Island,
Island,

TABLE O~ CONTENTS

1~
42 57 N T T R S S = S

LIST OF TABLES

. Example Mo.iel Distributicn of Instantaneous Precipitation
. let/Dry Months Determirnation from Mather. . . .
Honths of Data for Each lLocation. . .

Percent Contribution of Instantaneous Precipitation

Rate to Clocic-Hour Precipitation

Urbena, Illinols - Dry S€asonl . « « ¢ o o @ & =
Urbana, Illinods - Met Segsom . « & + @ +» « o =
Urbana, Illinols = AnnUE) ., & & o & & = « =

Marshall Islands - Dry Season . .
¥arshall Icslance - Wet Season . .
Marshall Islands - Annual . . . .

Mami, Plorlida = Dry S€asofl . s « « « « @ & ¥ @

= Wet, SeEESH 5w % @ & & 4 & ® %
= Apnual o 5 o« m v o o8 @ w s & e

North Carclina ~ Pry Season « « « « s
North Carolina - Wet Season . . « « &
North Carolina - Annual « « « « &« « .

{tate Park, New Jersey -~ Dry Season
State Park, [jew Jersey - Wet Season
State Park, New Jersey - Annual .

Alaska - Dry Season . + « o « + &
Alaska - Wet Season ¢ ¢« « « « & o
Alggka = Anmual o « « « % w @ « W

Germany = DYy Seasof: » « « s « « o
CETmaNY = Wet Season. « « o o » & « @
dermany -~ AnOUEL: « 5 v 5 o« 6w & & e

fobleng, Germany = DIy SeasOn « + = » & ¢ % « @
Hcblenz, Cermany - Wel Seasont « « « o« v o & ¢
Koblenz,; Germany = ANl « « & + « v & & & « =

= POy Seasofiv +« + & v & s s ¥ @
- WEt SCHBON: « s« « « » & + & =
- BABUBL: « & « v s v s o® s @ a

Saigonr, Vietnam - Dry Season. .
Saigon, Vietnam - Wet Season. . .
sSaigon, Vietnam - Annual. « « + «
n Vietnam - Dry Seqasofl + + « « & « & « w
35 Ja Diang, Vietnam - Wet SEa80n « + « + & « & + &
Vietnam = AMBMAL &+ « 5 v « * % ¥ ¥ ¥ %

~
o = = O

o w

=

N W\

<N~

CC WLWwW Do

[RV e

(=]
o

[

[T
N

o ol o
w 0

b
)

Hongy Okinawa = DIy Se&sofiv « v v « o « &
naha, Okinawe - Wel Season. « « + « » « « »
liahg, Okinawa = Annual. . « « s ¢ ¢ o & & =
set Dagan, Israel - Dry Season. « « « « &
Set Dagan, Israel - Wet Season. « « « ¢ s «
Bet Dagan, Israel - AONMAL. « « + » o « + &




July 1976 ANS-TR-76-263

STOCHASTIC MODELS FOR DERIVING INSTANTANEOUS PRECIPITATION RATE DISTRIBUTIONS

Introduction

This report presents model distributions of instantaneous precipitation rates
as a function of clock-hour precipitation rates for 13 locations representing various
climatological regions. The models are developed using a technique suggested by
3riggs and Harker [1] and refined by O'Reilly [14]. The data used to develop the
models have been extracted from the work of Sims and Jones of the Illinois State
Water Survey [15]. This is a continuation of the earlier work of Mueller and Sims
{12} [12] [13]. The actual data were provided to USAFETAC on tape from AFCRL. The
tapes also contain data from stations in Southeast Asia. This report is not intended
to outline the various sampling techniques [4] [15] other than to say that a recording
rain gauge or a ''drop camera' was used and the precipitation rates could be read to
a precision of 1 minute or 4 minutes. One-minute statistical models (wet/dry seasons
and annual) are conmpiled for Urbana, Illinois; Majuro Atoll, Marshall Islands; Miami,
Florida; Coweeta Hydrologic Laboratory (near Franklin, North Carolina):; Island Reach
State Park, New Jersey; Woody Island (near Kodiak, Alaska). Four-minute statistical
moaels (wet/dry seasons and annual) are compiled for Freiburg, Germany; Koblenz,
Germany; Pleiku, Vietnam; Saigon, Vietnam; Da Nang, Vietnam; Naha, Okinawa; and Bet

Jagan, Israel.

Background and Methodology

Jetermining the spatial distribution of precipitation along a horizontal or
vertical path continues to be one of the more difficult problems in present dav
climatoliogy. Estimates of the instantaneous precipitation rate are essential for
ca.culating short-path electromagnetic attenuation, rocket nose-cone erosion, flasn
flood forecasting, and numerous other applications. To address these problems in an
ideal manner an instrument system would be required that continuously measures pre
Cipitation amounts along horizontal and vertical paths. The orientation of the
ac-izontal path would be changed to filter out a bias toward rain cells moving across
the sampling path from a particular direction. The experiments would be made 1n
various c¢limatological regions and the period of record would be long enough to
average out the effects of wet or dry years. This is not practicable.

Fortunately, the !1linois State Water Survey has madec some of these measure-
mencs alcng horizontal lines of varying lengths [4] (15]. Although *the vertical
var.at.ons of precipitation have not becn addressed as satisfactorily as the hori-
ontali, reascnadle assumptions can be made to estimate the precipitation along a
siant patn, if the horizontal distribution is known. Ideally, we would like to know
the instantaneous precipitation rate distribution along a path at a particular
instant. A typical weather station does not provide this information. Weather
racars .ffer some valuable insight, and the developing digitized radar climatology

3, seems promising. Iowever, this information is needed for many climatic regions,

s¢ rthe basic question is how can one infer an instantaneous spatial distribution

t.e standard weather records of hourly precipitation amounts. To accomplish
th s, one must first decide how to take the hourly precipitation amounts (i.e.,
1
T —————— e —
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clock-hour rates) and obtain instantaneous precipitation rates. After this has
been done the time distribution may be translated into a spatial distribution
(Bussey [2]). The question of translating the distribution is not addressed in this
tecniical note. We will simply be presenting statistical models and show how they
may be used to transiate routine data (clock-hour precipitation rate distributions)
into an estimate of the distributions of the rate of instantaneous precipitation.
Part of the work of the Illinois State Water Survey has been to measure point
precipitation rates over a l-minute period. They also have obtained recording
rain gauge records and tabulated precipitation rates over both 1- and 4-minute
periods. One may obtain a distribution of these l-minute rates (or 4-minute
rates) as a function of any clock-hour rate interval. These "model" distributions
may then be used to predict the instantaneous rate (actually 1- or 4-minute rate)
for any region having a similar precipitation regimen as determined from the avail-
able clock-hour data.

Development and Jse of the Models

The technique used to develop the models is straightforward. One first decides
wihich clock-hour intervals are of interest [16] see Table 1. Since the definition
of clock-hour precipitation rate is the amount of precipitation that falls within a
specific hour time frame, the rates can be thought of as the amount of precipitation
(for tne hour) as well as the average hourly rate. In tihe Illinois State Water Survey
experinents, the clock-hour rates are determined by merely adding the l-minute (or
+-rinute) rates. (The actual weather station report is the total amount of pre-
Ciritation that lias fallen in the clock hour.)

After the interval of the clock-hour rates is defined, one then decides over
which intervals the l-minute (or 4-minute) rates will be grouped. (Note in
Table 1 that these intervals are not uniform.)

Tre summation process works in the following manner: Within each discrete
ClCck-nour time frame there is a string of 60 precipitation amounts (assuming 1=
ininate precipitation measurements). The total precipitation amount for the hour
deterrines into which clock-hour block the data string falls and then the 60 data
;0i.ts are distributed throughout the one-minute intervals for that particular
Ci0ch aour. The process is then repeated until all the data are exhausted.

[he clock hour is not an arbitrary definition, 1t means a specific S0U-minute
rer.cd, 1.2., 0800 to 0859, The period 0830 to 0929 is not a clock hour even though
it 5 & 60-minute period. O'Reilly [14] checked to see if there was a significant
.ifrererce “etween the 60 minutes beginning on the hour, and those inter\ .ls
cé,.aning 15 minutes, 30 minutes, and 45 minutes after the hour., O'Reilly averaged
t.ese pseudo clock hours with the actual clock-hour data to Jdevelop his models.

Since the differences vetween the actual and pseudo clock hours are small no aver-

aping process is employed in this report. The actual clock hour is the only 60-

nin.te time frame used.

«»1 the modeis (wet, dry, and annual) are derived in the manner outlined abovc.
.¢ mean montily precipitation 1s less than the mcan anrual the month is con-

vy« Cther montas are considered wet, !lather's climatological atlases

(®., ,.luj are useu to deternine the mean precipitation values (see Table 2).

4
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One of the more confusing points about this process is the convention of iabeling
the estimate of an instantaneous rate (either 1 or 4 minutes) in "in/hr". This
is done by simply multiplying the minute rate by an appropriate factor (60 for 1-
minute rates) to convert to an "hourly rate'". This, of course, would be the fre-
quency of occurrence of a specified hourly rate if the minute rate persisted for the
entire hour. Casual observations reveal that the minute rates (especially high ones)
seldom persist for an hour and this explains why the range of the minute rates is
chosen as zero to > 10 in/hr while the range of the clock-hour rate data is only a
trace to > 5.00 in/hr. The erratic nature of some of the clock-hour distributions
above 2 in/hr can be attributed to the small sample size (see Table 3).

The usefulness of these model distributions of instantaneous rates lies in the
fact that many stations have clock hourly precipitation distributions. (ombining the
two distributions gives an estimate of the annual, dry, and wet months distribution
of instantaneous precipitation for the location of interest. See Tables 4-43 for the
derived models.

Lenhard [5] has developed a technique (regression analysis) that estimates the
tail of the instantaneous distribution by selected months. A more dircct method is
to nultiply the observed clock-hour distribution for a location by the l-minute
(or 4-minute) model frequency distributions. This produces an estimate, in total
number of hours, of the instantaneous distribution for each clock-hour rate iaterval.
Sunmiming each row will give the total time each clock-hour rate is observed. Summing
a coclumn will give the total time a particular instantaneccus rate is expected.

After deriving the expected total instantaneous distribution (sum of the coluuns),
onc may check the results to see if the model used is reasonable. This may be done
by calculating a secondary distribution of selected percentile values for ecach column.
The procedure for tnis calculation is to break the instantaneous rate interval (each
colunmrn) into the selected percentile values and then multiply each percentile value
by tihe total number of hours for the instantaneous rate interval. Fach column will
then have a 10, 15, 20, etc., percentile value representing the total precipitation
ancunt, O'Reilly ([14] found that the mean amount of precipitation for a station
correlated best with the total 35th percentile value (sum of the 35th percentile
values for each column)., This 35th percentile check is one criteria that may be used
to determine if the expected distribution is reasonable.

At present all approaches to the problem of instantaneous precipitation rates .
are data pound. As samples from additional locations and longer periods of record .
become available these rough estimates can be refined, f

Summary and Conclusions

This report is intended to expand the number of 1- and 4-minute precipita-
tion rate models that can be used to estimate instantaneous precipitation rates in
various climatic regions. The only additional input needed to generate the estimates ]
ire the clock~hour precipitation rates. It 1s hoped that additional sampling of 1-
minute precipitation rates will be made in the near future. Some of the estimates
presented herein are based on less than 1 year of data and it has been pointed out
that this particular time frame may not be typical. Additional sampling is also

recuired to develop the statistics for monthly models,
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Tatle 1. Example Mciel Distribution of Instantaneous Precipitation Rates.

Percent contribution of instantaneous precipitation rate to clock-hourly precipita-
tion rates.

Instantaneous rate observed over 1- or 4-minute period for (location).
Total number of months in POR is N.
Totzi number of missing months in POR is M.

Season £8 X - ¥ = Z (Dry).

INSTANTANEOUS RATES (1IN/HR)

CiLCCX-

HOUR

RATES 0.00- 0.0&- 0.10- 0.25- 0.50- 1.00- 2.00- 5.00- TOT NO
(IN/HR) C.03 0.09 0.24 0.49 0.99 1.99 4.99 9.99 » 10.00 CLOCK-}R

TRACE
=D
2.02-0.06
0..0-0.24
0.25-0.59
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catls 2. Number of Months cf Data for Each Location.

Location

Urbzna, Illinols

Majuro Atoll, Marshall Islands
Miani, Florida

“ranklin, North Carolina

Island 3each, St. Park, New Jersey
Woody Island, Alaska

Loeacion

Trelburg, Germany
Yoolkenzy Germany
Pleiku, Yietnam

Tan Son Nhut, Saigon, Vietnam
Ds. Nang, Yietnam

)
ana, Okinave
et Dagan, Israsl

1-Minute Frecipitatior Hate Samples

Dry Wet Total
15 20 35
5 3 13

6 6 12

5 12 16

5 7 12

6 4 10

4-Minute Precipitation Rate Samples

sz ﬁgﬁ Total
13 10 23
5 11

13 10 23
5 6 11

9 L 13
13 10 23
3 0

i b N G
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1 Min

POR Mo

Percent Contribution of Ins
Precipitation Rates for Urbana,

.o

~
MSG Mo:

tarntaneous PILCl)luat‘
Il1linois - Dry

e

Rate
eaqon.

M-

D

to Clock

-Hour

1,2,10,11,12.

CLOCK= STANTANEQUS RATFS (IN/HR)
HOUR
RATES 0.00- 0,04- 0.25 0.50- 1.00- 2.00- 5.00- IoT O
{ TN/HR) 0.03 0,09 0.49 0.99 1.99 4.99 9.99 10.00 CLOCK-HR
TRACE 96 .56 3.03 J.03 0,01 0.0 Q.0 0.0 0.0 230
2.01 88.89  9.&4 0.0 0.0 0.0 0.0 0.0 0.0 €0
0.02-0.09 57.27 31.82 J.|9 0.16 0,03 0.01 0.0 0.0 25€
0.10-0.2L 22,01 19.15 s T 2.72 0.69 0.11 0.0 0.0 3
0.25-0.49 6.06 12.27 0. 28.&8 Le.2T 3.33 121 0.0 0.0 11
0.,50-0.99 5.C0 2.50 o. 35,00 25,00 9. 1T 5.00 0.0 0.0 2
1.2G-1.99 0.0 0.0 (a]F8 0.0 0.0 0.0 0.0 0.0 0.0 0
2.00-2.99 0.0 0.0 Q. 0.0 0.0 0.0 0.0 0.0 0.0 C
3.20-3.99 0.0 0.0 0. 0.0 0.0 0.0 0.0 0.0 0.0 ¢
4.00-4.G9 0.0 0.0 (0 .G 0.0 c.0 0.0 0.0 2.0 @]
> 5.00 C.0 0.0 0. G.0 0.0 0.0 0.0 0.0 0.0 0
Contribution of Instantaneous Precipitation Rate to Clock-Hour

tation Rates for

1 Min.

POR Mo:

INSTARTANEQOUS

Urbana,

20.

Iliineis - Wet

f wa Wi~
MSG Mc:

Q.

RATES (IN/HR)

Season.

WET Mo: 3,4,5,6,7,8,9.

S00~ 0.04- 0.25- 0.50- 1.00- 2.00- .00~ 0T NO
0.03. 0.99 2 0.49 0.99 0.99 4.99 9.99 10.00 CLOCL-HR
TR! 95.50, 3.81L O 0.06 0.0 0.0 0.0 0.0 0.0 249
) 86.08 11.20° 8. e .09 0.0 0.0 0.0 0.0 54
0.00-0.0¢" 69,68 271.03 1.45 0:33 0.12 DL 0.0 0.0 302
9.10=0.2k 30.23 19.28 34 23085 ¢ 9.8y 1,95 0,17 0.0 0.0 T34
0,25-0.49 25.13 11.07 R e T o B R 0 R B R © o) 0.0 50
9.50<0.9 0.90 9,03 .28 1h,72 16,32 13.89 8.96 0.90 0.0 24
1.00-1.9 6.67 5.56 8.89 13.33 19.44 20.00 25.56€ 0.56 0.0 3
2., 3042 ,6¢ 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 C
2 B80=3Ge 0.0 09 00 0.0 66 0,0 0.0 0.0 0.0 0
L, 00=4 ,9¢ 6.0 0.0 Q0 0.0 0.0 0.0 0.0 0.0 0.0 0
> 5.00 9.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0
lacls ,ﬁ~“4' Contribution of Instantaneous Prec tatl Rate to Clock-iour
Precipitation Rates for Urbana, Illinois =~ Lnnual
THaE Pred ate: 1 Min # POR lod + MSG M 1. ANNUJAT
CLOCK- INSTANTANEOUS RATES (IN/HR)

RATES 3,00 0.04- 0.10~ 0.25- 0,50~ 1.00- 2.00- 5.00- 01 NO
(IN/H3) .02 0.09 0.24 0.49 0.99 1.99 4.99 9.99 2= 10.00 CLOCK-iR
TRACZ 96.02 3.43 05l 0.04 0.0 0.0 0.0 0.0 0.0 57t
Al 8,56 10.3% 1.96 0.06 0.0k 0.0 0.0 0.0 0.0 114
0.02=0.00 59.17 29.16 10,07 1.16 0.25 ©.08 0.00 0,0 0.0 581
. 10-0.25F 27.355 29,24 37.58 IL.82  ©2.82 1.05 0.15 0.0 0.0 178
0.05.0. 00 23,50 1L.28 185004y Sl dpn §6 5 33 e 0Ld 0.0 61
2.50-0.99 20.L5 8.53 14,74 16.2 16.99 13.53 8.65 0.83 0.0 2f
1.00-1.99  6.67 5.56 8.39 13.33 19.44 20.00 25.56 0.56 0.0 <
2.30-2.99 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 U
3,50=3,890 = 0,0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 Q.0 0
4,00-4,90 0,0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0

> 5.00 &5C 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 =
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Table 7. Percent Contribution of Instantaneous Precipitation Rete to Clock-Hour
Precipitatisn Rates for Majuro Atoll, Marshall Islands - Dry Seacon.

N

inat Precip Rate: 1 Min. # POR Mo: 5. # MSG Mo: 1. RY Moz 1,2,4,10,1%,
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Table 10. I=zrcent Contributicn of Instanteneous Precipitacion Rate to Clock-Hour
Precipitation Ratzs for Miami, Floridja - Try Season.
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Taole 11. Percent Contribution of Instantaneous Precipitation iate to Clock-Hour
Precipitation Rates for Miami, Florida - ,ct Season.
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rcant Contribution of Instantaneous Precinitation Rate to Clock-Hour
& 1tat10n Rates for Miami, #lorida - Annual.
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Tatle 15. Percent Contribution of Instantaneous Precipitation Rate to Clock-Hour
Precipitation Rates for franklin, North Carslina - Dry Season.
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Table 1€. Percent Contribution of Insta eous Precipitation Rate tc Clock-Hour
Precipitation Rates for Island Beach, State Park, New Jersey - Dry Geason.

Tnst Precip Rate: 1 Min. # POR Mo: 5. # MSG Mo: 0.  DRY Mo: 1,4,6,9,12.

CLLCK~ INSTANTANEQUS RATES (IN/HR)

RATES 0.00-~ 0.04- 0.,10- 0,25- 0.50- 1.,00- 2.00- 5.00- TO1 NO
(TH/HR) 0.03 0.09 0.24 0. 495 0.9 1.99 4.99 9.99 > 10.00 CLOCZK-HK

3 > 66 0,02
81.08 16,96 1.96 0.0
52.40 34.39 12.05 0.95
14.97 25.83 48.50 §.13

0.0
0.0
0.04
0.47

O
(@]
e}

1 O
o
O
o

OO OOQOODMMVO OO OO

.

DO OQOO0O000
P

.
.
.

D=HO OO

QU
SN TS

)OI OO
]
) QIOANND © 00
OO0 OOD O

0
1 @)

0.02-0.09 0. y
0.10-0.2k 2 0.
0.25-0.49 18.50 1k.50 21.00 21.33 15.83 8.67 0.0
0.50-0.99 18.33 10.00 24,17 15.00 5.83 10.83 15. 0.0 2
1.00-1.99 0.0 0.0 .0 0.0 0. 0.0 0 0.0 0
2.56-2.99 0.0 0.0 0.0 0.0 0. 0.0 .0 0.0
3.00-3.99. 0.0 0.0 0.0 0.0 0. 0.0 D0 0.0 0.0 0
L.00-4.99 0.0 0.0 0.0 0.0 0. 0.0 0.0 0.0 0.0 C

> 5,00 0.0 0.0 0.0 0.0 0. 0.0 0.0 0.0 1.0 0

Taole A7. ntribution of Instantaneous Precipitation Rate to Clock-Hour

~ 0O~
ree Loue
ecipitation Rates for Island Beach, State Park, New Jersey - Wet Season.
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ent Contributicn of Instantaneous Precipitation Rate to Clock-Hour -
ipitation Rates for Freiburg, Germany - Annual. 3
=i hlo 1% 2 POR dlos 235 * MSG Mo: 0. ANRUAIL MODEI
TNSTANTANEOUS RATES (IN/HR)
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Tacle 25 Percent Ccntribution of Instantaneous Precipitatlion Rete to Clock-lour

] Frecipitation Rates for Koblenz, Germany - Dry Season.
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Tenle 26 Percent Contribution of Instantaneous Precipitation Ratz t5 Clock-hour
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Tenle 28. Percent Contribu-icn of Instantaneous Precipitetion Rate - Clock-iour
Frecinitation Ratecs £or Pleiku, Vietnam - Dry Season.
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Tanlz 25. Percent Contriobution of Instantaneous Precipitation Rate to5 Clock-Hour
Precipitation Rates for Pleiku, Vietnam - Wet Season.
_nst Frecip Rate: « Min. # POR Mos LO. * MSG Mo: 3. WET Mo: 5,6€,7,8,9.
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= 30, Percent Contribution of Instantaneous Precipitstion rate t- Clock-Hour
vrecivitetion Rates for Pleiku, Vietnam - Annual.
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fanle 21. Percent Contribution o Instantsneous Precipitation Rate to Clock-Hour
Precipitation Ratcs for Tan Son Nhut, Saigcon, Vietnam - Dry Seasnn.
Fre-ip Rate: 4 Min # POR Mo: 5. # MSC Mo: O. DRY Mo: 1,2,3,4,11,12,
(55 - TNSTANTANZOUS RAT"S (IN/HR)
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g2l2 32. Prercent Ccntribution ol Instantaneous Precipitation Rate to Cluck-Eour
Precipitation Rates for Tan Son Nhut, Saicon, Vietnam - Wet Season.
F-acip Rate: 4 Min. “ POR Yo: €. ‘ MSG Mo: 9. WET Mo: 5,6,7,8,9,10.
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Tax 1 of Tnstentaneous Precipitation Rate to Clock-liour
for Naha, Ckinawa - Dry Season.

Tw Mo: 13. # MSG Mo: 0. DRY Mos 1,2,3,4,10,11,312.

CLOCK- INSTANTANEOUS RATE (1IN/KR)
o

0.50- 1.00- 2,00- TG N
0.9 1.99 4.99 = 10.00 CLOCK-HR

0.0 0.0 0.0 0.0 L=

0 0.0 0.0 0.0 0,0 7!
29 1.52 .0 0.5 0.0 pLY
24 12.92 3.54 0.0 .0 10 E
Lo 37.98 10.08 0.4 2.0 b
9% 26.67 25.00 333 0.0 1
a9 .67 21,13 LY. 78 .0
59 g0 0.0 3.0 C.0
39 D0 0. 0.0 B .0 0
99 .0 L 0.0 s .0 )
00 ¢.0 o 0.0 0 .0

teole 8. of Instan ipitaticn Rate t> Clock-Hour
for Naha; ( et Season.
5 g ecin Rate: 4 Min, F POR ldog 10. i MEG Moy 1. MET Moz 5,6,7,8,9.
3K~ [NSTANTANEOUS RATES (IN/HR)
2+ 90 ).50- 1.00- 2.00- 5.00- T
0.33 0,99  1.99 4.99 9.99 210,00 ClOCK-
Q4 .57 0L.69 0.0 0.0 0.0 0.0 0.( 0.0 309
obwie T P e 3.07 0.9 0.0 0.0 0.0 0.9 0.0 50
0.52 @& i2.4¢ 2.5 0.03 0.05 C.0 0.0 Qg ek
24.25 1 30.16  1P«9L R0 1.00 0.1¢ @ik 0.0 427
.08 I 21L.82 23.54 13,43  p.h47  1.01  0,C 0.0
10.5¢4 LH.RF Lyl walgas Sl E3 5,3 0.L3 0.2 32
<35 5«00 & 67 2338 3607 | 23,35 c.C .0 4
C.0 0.0 00 26.67 B25.67 H0.06  6.67 0.0 1
0.0 0.C U.0 0.0 0.0 0.0 0.C 0.0
0.0 €40 (9,500, 0.0 0.9 C.0 0.0 0.0
JC 0.0 .0 0.0 0.0 0.0 0.C ¢.0 (
atle . nt Contribusion of Instantancous Pracipivation Rate Lo Clack-Kuour
pitation Rates for Naha, Okinawa - Annual.
clp Fate: 4 Kin. PGR Moy 23, # MSG Mo: 1. ANNUAL MODEL

EX INSTANTAREOUS RATES (IN/HR)

3 00- 0.Ch~ 0,10 0.50- 1,00- 2.,00- 5,00- Ic e
A 203 2.0 2.24 0.99 1.99 4,96 9.,9¢ 2 10.70 CIOCK-HR
95,99 4,57 0.l 0.0 0.0 0.0 9.0 3.0 7
26 1387 2, 0.0 0.0 0.0 0.0 6.0 12!
I 378 @B.0L 12, 0. 3€ 0402 0.0 0.C Mo 597
¥ M 87 20,62 37, 3.58 0.05 2 8 0.0 or
Jn 1768 942 BY, d2s11 € 0.0 0.0 1
Y. 5,9 §400. - 1627 2L, 58 D MY L4 !
B3 - 6400 8,00 67 22.00 0.67 0.0 1¢
2 0,0 0,9 0,0 0.0 Gl 6.67 .0 ]
38 00 0.0 0.0 &0 0.0 6.0 6.0 O
ta ) 0.4 0 (s e) G0 0.0 e
350 0,0 0. 040 0.0 0.0 e &




= MUY
¥
i
55, L0 ‘
TATES 0.10= 0.25= 2,00-  5.00- i
':f/gg; 0.2¢ 0,29 N0 ). > 16,00 o0
A TRACE 0 .0 0.0 0,0 0.6 0,0 .C 2P
! G031 3 0.61 0.0 0.0 0.0 0.9 .0 12
)2-0.09 13 2.73 0,30 ), 0 0.0 0. Q0.0 b
s 21. 10,20 - T.08 1,96 6.0 0.¢ 0.0 3
2,-0.45 20.00 15.56 26. 17.78 178 2.2 0.0 0.0 .0 :
50-0,9% 0,0 0.0 ), 0.0 0.0 7.0 0.0 0. 500
509-1.99 5.0 0.0 0.0 .0 0.0 0.0 0.C g, .0 :
20-2.9¢ 0.C 0.0 6.0 C.0 0.0 5,0 C.0 0.0 .0 |
X-32.99 C.C 0.0 0.0 ).0 0.0 0,0 0,0 0.C .0 i
10-4.68  0.C 0.5 0.9 .0 0.0 0.0 Bt 0.0 We! ‘ i
2500 0.0 c.? 0.0 0.0 0.0 0.0 0.0 Q.0 2.0 2 ‘

Jgcia 41, Percent CornErlivution ol Instantaneous Precipltation Rate to Clock-ifour
Precipitation Rates for Bet Dagan, Israsel - Wet Season. :
i :
4
p Rete: & Min. # POR Hos: 3. #¢ M8G Mo: 0. ED Moz 12,1 0,12 i
n(IN/HR) }
: - 1 i
3,00 0.Ca- 2.00- .00~ : ( i
.03 Q.G .90 .99 2 10.00 'OCE -1 £
i L,”2 3.0 0.0 928 ¢ >, 0 13
Z 10,33 C.0 QL 0.0 .0 2 k
7 26,3 0.0 0. 0.0 0,0 2.2 t
Z ulz) BE 1.47 D1 0.0 ik 5C
2 8ed5 AL.67 b (3.0 ) )
& e ' 22 % .0
L L3353 22.0C Q.0 0.¢ .0
9% 0.9 0.0 0.0 1 3.0
S ) 1,0 0.0 0.0 {
CE C. 2.0 0.0 .6 %
.9 9.9 056 0.0 0.C <1
> 5,00 &0 0.0 00 0.0 n.0
- =P, tnetantanesus Precipitetisn LKete t~ Clock-Hou
Pet Dajan, Israel - Aaruel,
3 PrEas pEes & L ANIWUAI

Ir)
e
AR c
L uSa- Je = Je o ’
.03 8.0 9.99 2 _.2.0C
.82 4.75 0.3k 0.0 0.0 9.0 0.0 0.0 D
! sk,00 10.97 L.,52 0.43 0.0 0.0 0.0 0.0 of
S.02e0,08 FRMT 28,30 147 2.39° 0.87 0.0 3,0 0.0 s 1
S .08 35,02 87.16 11,84 W98 1,59 2 0.10 0.0 .0 ¢
or Gyl BN L Yol 2286 A8.37 13.33 6.03 0.95 0.C .0 22
o5 =l P .30 L3332 BO00 0.8 332.33  20.0C .0 1o € 0 !
U=k, 2.C 0, e 0. 3 ). 0 o 0.0 0.0
«C C. "o C. 0. 0 0.0 0l o
= FeC gt Js o . 0 0.0 0.0 0.1 (
’ aits C. 0.3 . 0.0 0.0 0 0.0 6.0
o 0.0 0.¢ .0 0.0 0.0 0.¢ 0.0 0.0 (




el

-
(2}
Rored

[4]

-
O
rmed

July 1976

REFERENCES

Briggs, J. and Harker, J. A.: "Estimates of the Duration of Short-Period
Rainfall Rates Based on Clock Hour Values,'" Metcorological Magazine, Vol. 9¢&,
1969, pp. 246-252.

Bussy, H. E.: "Microwave Attenuation Estimated from Rainfall and Water Vapor
Statistics," Proceedings Institute of Radio Engineers, Vol. 38(7), 1950,
pp. 781-785,

Clark, Robert A., Canipe, Yates J., and Greene, Douglas R.: '"Applications of
Digital Radar Data in Both Meteorology and lydrology,'" 15th Radar Meterology
Conference, 10-12 Oct 1972, Champaign-Urbana, Illinois, pp. 935-98.

Jones, D. M. A. and Sims, A. L.: "Climatology of Instantaneous Precipitation
Rates,'" Air Force Cambridge Research Laboratories Technical Report 72-0430,
1971.

Lenhard, R. W.: '"Precipitation Intensity and Extent," Journal d¢ Recherches
Atmospheriques, 1974.

Mather, J. R.: '"Average Climatic Water Balance Data of the Continents, Part II,
Asia (excluding USSR)," Publications in Climatology, C. W. Thornthwaite
Associates, Laboratory of Climatology, Vol, XVI, No. 1, 1963, pp. 1-262.

Mather, J. R.: '"Average Climatic Water Balance Data of the Continents, Part 1V,
Australia, New Zealand and Oceania,'" Publications in Climatology,
C. W. Thornthwaite Associates, Laboratory of Climatology, Vol. XVI, No. 3,
1963, pp. 379-476.

Mather, J. R.: '"Average Climatic Water Balance Data of the Continents, Part V,
Europe," Publications in Climatology, C. W. Thornthwaite Asscciates,
Laboratory of Climatology, Vol. XVII, No. 1, 1964, pp. 1-230.

Mather, J. R.: '"Average Climatic Water Balance Data of the Continents, Part VI,
North America (excluding United States),'" Publications in Climatology,
C. W. Thorathwaite Associates, Laboratory of Climatology, Vol. XVII,
1964, pp. 231-414,

-

No. 2,

Mather, J. R.: '"Average Climatic Water Balance Data of the Continents, Part VII,
United States," Publications in Climatology, C. W. Thornthwaite Associates,
Laboratory of Climatology, Vol. XVII, No. 3, 1964, pp. 415-615.

Mueller, E. A, and Sims, A. L.: "Investigation of the Quantitative Determina-
tion of Point and Areal Precipitation by Radar Echo Measurements,'" Illinois

State Water Survey, Technical Report, United States Army Electronics Command-
0037-F under Contract DA-28-043-AMC-00032(E), 1966, (AD-645218).

Mueller, E. A, and Sims, A, L.: "Raindrop Distributions at Franklin,
North Carolina," Illinois State Water Survey, Technical Report, United States
Army Llectronics Command-RR3 under Contract DA-28-043-AMC-02071(E), 1967,
(AD-822042).

Mueller, E. A, and Sims, A. L.: "Raindrop Distributions at Island Beach,
New Jersey," Illinois State Water Survey, Technical Report, United States
Army [Llectronics Command-02071-RRZ under Contract DA-28-043-AMC-02071(L),
1967 (AD-822130).

O'Reilly, P. J.: "Clock Hour/Instantaneous Rainfall Rate Relationships
Applicable to the Eastern United States,'" United States Air Force Environmental

Technical Applications Center Technical Note 71-12, 1971,

Sims, A. L. and Jones, D. M. A.: '"Climatology of Instantancous Precipitation
Rates," Air Force Cambridge Resecarch Laboratories Technical Report-73-0171,
1973,

US Dept of Commerce (USWR) Climatography of the United States No. 82, Summary
el , . - 25 L
of Hourly Observations, 1962.




g










