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Southern Hemisphere Atlas of
1-Minute Rainfall Rates

!. INTRODUCTION

Knowledge of the frequency distribution of 1-rain precipitation rates is impor-
tant to the design and operation of many types of equipment. Precipitation, espe-

cially at heavier intensities, attenuates microwave signals of Air Force systems

used in satellite detection and tracking, communications, air traffic control, and

weaponry. Erosion caused by rain is important to the design and operation of heli-

copter rotor blades, leadings edges of aircraft and missiles, and fuses on airborne

ordnance. Intense rainfall can cause jet engines to malfunction and can penetrate

protective coverings on exposed electronic and mechanical materiel.
Rainfall climatologies are available for thousands of locations worldwide, in

many instances for more than 100 years. However, data collection was oriented

toward agricultural and hydrological purposes for which monthly, daily, and, less

commonly, 3- and 6-hourly totals were collected. Precipitation data for intervals

of 3 h down to 5 min are available for many locations in the United States but for
few locations in other parts of the world. Much of the meager amount of data on

-min rates were collected during special field programs conducted for limited

time periods (1-3 years). This has prompted the development of numerous models
to estimate 1-min rates (often referred to as instantaneous rates). Tattelman and

(Received for publication 19 October 1983)
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Grantham discuss sources of a-min data and compare models for estimating 1-

min rates.

A model for estimating rates on a monthly basis was developed at AFGI. by

Lenhard. 2 Because of the importance of worst-month considerations for design

and operation problems, an improved monthly model that overcomes some of the
3

shortcomings of the Lenhard model was developed by Tattelman and Scharr. This

model was used to estimate 1--min rainfall rates at 3631 Northern Hemisphere lo-

cations to produce this atlas.

2. THE MODEl.

The Tattelman-Scharr model for estimating 1-min rainfall rates was developed

using stepwise multiple regression analysis. Data for the analysis were taken

from reports by Jones and Sims 4 and Sims and Jones. 5 These reports include the

monthly frequency distribution of 1-min rates for the 12 locations in Table 1.

Three years of data were available for Urbana and two years for Paris, but much

less was available for the other stations. Therefore, data for the same month in

different years were averaged to avoid bias by the stations with longer records.

This resulted in 122 monthly instantaneous precipitation-rate distributions for the

12 locations.

The model is made up of six regression equations to estimate rates that are

equalled or exceeded for exceedance levels (p) = 0.01, 0.05, 0. 10, 0. 50. 1.0, and

2. 0 percent of time during a month. Information required to make the estimates

for each of the six exceedance levels (p) consists of monthly mean temperature,

monthly mean precipitation, number of days in the month with precipitation (based

on any of three threshold values that define a rainy day), and latitude. The mini-

1. Tattelman, P., and Grantham, D.D. (1982) A survey of techniques for estimat-
ing short-duration precipitation rate statistics. Air Force Surveys in
Geophysics No. 441. AFGL-TR-82-03570 AD A 125705.

2. Lenhard, R. W. (1974) Precipitation intensity and extent, J. Rech. Atmos.
8:375-384.

3. Tattelman, P., and Scharr. K.G. (1983) A model for estimating 1-minute rain-
fall rates, J. C1im. Appl. Meteorol. 22 (No. 9).

4. Jones, D. M. A. . and Sims. A. L. (1971) Climatology of instantaneous precipi-
tation rates, AFCRL-TR-72-0430, Final Report. Contract F19628-72-C-
0070, AF Cambridge Res. Lab.. AD 749878. Illinois State Water Survey.
Urbana, Ill.

5. Sims, A. L. . and Jones, D. M. A. (1973) Climatology of instantaneous precipi-
tation rates, AFCRL-TR-73-0171, Final Report, Contract F19628-69-C-
0052, AF Cambridge Res. Lab., AD 760785. nllnois State Water Survey.
Urbana, Ill.
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Table 1. Locations and Number of M.\onths of l-Min Data Available for Model
Development. Data for the same month in different years were averaged. The
resulting calendar months of data are indicated

Station Coordinates Months of Data Calendar Months
of Data

1. Flagstaff, Ariz. 35*141N, III45'W 4 2

2. Franklin, N.C. 3502'N, 83°28'W 17 12

3. IL Gauge 97 40 0 27'N. 8815'W 10 10
(20 miles NW of Urbana)

4. Island Beach. N.J. 39052'N, 740051W 13 12

5. ,Majuro, Marshall Islands 70051N, 171023'E 13 12

6. Mliami, Fla. 25 0 45'N, 80°191W 13 12

7. Panama, Canal Zone 09 0 21'N, 79 0 59'W 4 4

8. Paris, France 48 0 52IN, 02 0 201E 24 12

9. Preston, England 530 46IN, 020 42'W 12 12

10. Reading, England 510 28IN. 00 0 591W 13 12

11. Urbana. Ill. 40 0 07'N, 880 12'W 36 12

12. Woody Island. Alaska 57"/47IN, 1500 201W 11 10

mum threshold amount of precipitatiou to define a rainy day varies with country.

Three of the most common threshold values used worldwide to define a rainy day

are 0.25 mm, 1 mm, and 2.54 mm. The number of rainy days during the month

based on each of these threshold amounts, as well as monthly precipitation and

monthly mean temperature, were observed coincident with the rain-rate frequen-

cies. The number of days per month for another frequently used threshold called

a "trace" differed only slightly from the number of days equal to greater than

0.25 mm, and was not used.

The basic form of the model equation is expressed by

l =A +B T+C I+D f(L,T) (1)

where Rp is the estimated precipitation rate (mm/min) for exceedance level p. T

is the monthly mean temperature (OF or 1. 8 x °C + 32), 1 is a precipitation index

(monthly mean precipitation in mm divided by the monthly mean number of days
with precipitation), and f(L. T) is a latitude-temperature term. Ap is the constant

for exceedance level p, and Bp, Cp, and Dp are multiple regression coefficients

11

I
____



for T, I, and f(LT) respectively for exceedance level p. The term f(L.T) is de-

fined by

0 LK 23.50

f(L,T) = (L - 23. 5)xT 23.5 < L440°  (2)

((40 - 23. 5)xT L 40

where L is the latitude (degrees and tenths) of the location of interest. This term

accounts for the increasing importance of temperature for estimating precipitation

rates at latitudes higher than 23.5 0 N.

Results of the regression analysis, including the multiple correlation coeffi-

cient (R) and the standard error of estimate (SEE), for each of the 6 exceedance

levels are given in Tables 2, 3. and 4 for indices based on rainy-day threshold

values of 2.54 mm, 1 mm, and 0.25 mm, respectively. The original report on the

model whould be referred to for a more thorough description of its development

and validation.

Table 2. Results of Stepwise Multiple Regression Analysis for Exceedance Levels
p = 0.0, 0.05, 0. 10, 0. 50, 1. 0, and 2. 0 Percent Based on a Threshold Value of
2. 54 mm for I. The regression coefficients are given for each independent variable

p Constant T 1(2.54) f(L, TI R SEE (mm/min)

(Ap) (Bp) (Cp) ( (Dp)

.01 -0.91 2.8X10-2 2.3X10 "2  -3.4XI0 "4  0.83 0.43

.05 -0.50 1.6X10 - 2  l. 9X10 "2  -3. IX10 "4  0.86 0.24

.10 -0.31 1. 1X10 " 2 1. 4X10 "2  -3. OXIO - 4  0.85 0.19

.50 -0.01 2.5X10 3  5.4X10- 3  -1.5X10 "4  0.76 0.09

1.0 0.03 7.4X1o 4  2.9X10 - 3  -7. 6X10 "5  0.67 0.06

2.0 0.04 -2.0X10 "4  1.5X10 "3  -3. 2X10 "5  0.64 0.02

3. MAPPING THE I- MIN RATES

The Tattelman-Scharr model was used to calculate 1-min rainfall rates ex-

ceeded 1.0, 0.50, 0. 10, 0.05, and 0.01 percent of the time during the month (ap-

proximately 7. 3 h. 3. 6 h, 44 min, 22 min, and 4.4 min, respectively). Although

the model can also be used to estimate rates exceeded 2 percent of the time in a

12



Table 3. Results of Stepwise Multiple Regression Analysis for Exceedance Levels
p = 0.01, 0.05, 0. 10, 0. 50. 1.0, and 2.0 Percent Based on a Threshold Value of
1 mm for I. The regression coefficients are given for each independent variable

p Constant T (1.00) f(L. T) R SEE (mm/min)
(Ap) (Bp) (Cp) (Dp)

.01 -1.00 2.8X10 "2  3.6XIO"2  -2.2X10- 4  0.84 0.41

.05 -0.56 1. 6X10-2 2. 5X10 2  -2.4X10 4  0.88 0.23

.10 -0.36 1. IXIO 2  2.0X10 "2  -2. 4X10 "4  0.87 0.18

.50 -0.03 2.4X10 "3  7.8X10 "3  -1.2X10 "4  0.79 0.09

1.0 0.02 6.9X10 "4  4.2XI0 "3  -6.2X10 - 5  0.71 0.05

2.0 0.04 -1.8X10 "4  2.0X10 "3  -2.6X10 - 5  0.67 0.02

Table 4. Results of Stepwise Multiple Regression Analysis for Exceedance Levels
p = 0.01, 0.05. 0. 10, 0.50, 1.0, and 2.0 Percent Based on a Threshold Value of
0. 25 mm for I. The regression coefficients are given for each independent variable

p Constant T I(0.25) f(L.T) R SEE (mm/min)
(Ap) (Bp) (Cp) (Dp)

,01 -1.00 2.8X10 "2  4.2X10 "2  -2.X10- 4  0.85 0.41

.05 -0.56 1. 6X10 2  3. 0X10 2  -2. 3X10- 4  0.88 0.22

.10 -0.36 1. 1X10 - 2  2.X 10 "2  -2. 3X10- 4  0.88 0.17

.50 -0.03 2.3X10 - 3  1.OX10 °2  -1.2X10- 4  0.82 0.08

1.0 0.01 5.6X10 °4  6.0X10 - 3  -5.6X10 - 5  0.77 0.05

2.0 0.03 -2.3X10 4  2.8X10 3  -2.4X10 -5  0.74 0.02

month (approximately 14. 5 h), these rates were not used for this atlas. A symbol
representing a specified range of rates for each exceedance level at each location

was then plotted on the AFGL equal-area map of the Southern Hemisphere used for

this atlas. A publication by the USAF Environmental Technical Applications Cen-
ter 6 was used to obtain model input data for the 483 individual stations used for the
Southern Hemisphere. Data for a location were used only if the period-of-record

6. USAF Environmental Technical Application Center (1971) Worldwide Airfield
Climatic DatA, I-X; also published by U. S. Naval Weather Service as
NavaL Weather Service Worldwide Airfield Summaries.
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was greater than 5 years. The spatial distribution of the locations used to make

rate estimates is shown in Figure 1.

Tattelman and Scharr subjectively evaluated their model by estimating rates

at independent locations representing a wide variety of the earth's climates. Re-

sults indicate circumstances when the model is either invalid or should be used

with discretion. This occurred for very dry or cold months for which there were

little or no data among the dependent stations. The model was found to be gener-

ally invalid when any of the following conditions existed for a specific month at a

location:

(1) T < 32 F (0°C)

(2) I ( 2 mm/day

(s) Number of rainy days < 1

Other model inconsistencies such as negative rates or increasing rates with in-

creasing exceedance level (larger percent occurrence) occasionally occur when T

is between 32*F and 40OF (0"C-4.4 0 C). Rates are very low when any of these con-

ditions exist, and they fall into the lowest range of rates used for a plotting symbol

at each exceedance level. Areas with ( 1 rainy day per month are indicated on the

charts.

At some locations, heavy but infrequent (1-3 rainy days) convective precipita-

tion accounts for virtually all of the precipitation in one or more months. In these

circumstances, the model may estimate rates for each of the six exceedance levels

which, when integrated, result in a total rainfall much greater than the monthly

mean precipitation. To deal with this, a coarse estimate of the monthly precipita-

tion based on the estimated rates at each location was made, using the algorithm

R +R +
A 01 .05 R 0 5 +R. 1 0
PR 0 1 xt. 0 1 + 2 t 0 5 t 0 1 + 2 x +

1.0 2 .0
t

2 (t2.0tl.o0) (3)

A
where P = the estimated total monthly precipitation.

Rp = the rate estimated for exceedance probability (p), and

t = the number of min per month at each exceedance probability.

Locations where the estimated monthly precipitation calculated from Eq (3) ex-

ceeded 4 times the observed mean monthly precipitation were identified to aid in

the analysis. This is discussed in Section 4. A factor of 4 was subjectively cho-

sen for this check on model estimates after examining results for locations repre-

setting a variety of the earth's rainfall regimes.

14



4. METHODS USED TO ANALYZE THE MAPS

Rainfall-rate estimates for each location were assigned a symbol representing

a specified range of rates at each exceedance level. For p = 0. 01, 0. 05, 0. 10,

0. 50, and 1.0 percent of the time, ranges of 0.20, 0. 15, 0. 10, 0. 10, and 0.05

mm/min respectively were used. These ranges also represent the intervals be-

tween isolines for the analysis at each exceedance level. For example, on the

analysis for p = 0.01 percent, if the estimated rate was between 0 and 0. 199 mm/-

min, a specific symbol/color was printed on the map for that location. If the rate

was between 0.20 and 0.399 mm/min. another symbol/color was used, and the iso-

line representing the boundary between the two was labeled 0. 20 mm/min.

The analyses of Southern Hemisphere charts for four mid-season months at

each of five exceedance levels (p = 0.01, 0. 05, 0. 10, 0. 50, 1.0 percent of the

month) are provided in Figures 2-21. Rate estimates for all 12 calendar months

were scanned to develop maps of the highest 1-min rainfall rates at each exceed-

ance level regardless of the month in which they occurred. These are provided

for each of the five exceedance levels in Figures 22, 24. 26, 28, and 30. Compan-

ion charts showing the month of the year in which the highest 1-min rates occurred

for each exceedance level are provided in Figures 23. 25, 27, 29. and 31.

Because of the absence of data, there are no isolines in Antarctica, central

South America, parts of the interior of Australia, and part of the interior of Africa.

In mountainous terrain, rates varied considerably between nearby stations because

of differences in elevation and/or exposure to sources of moisture. Consequently,

elevations generally greater than about 1500 m are hatched on the maps, and iso-

lines are dashed In these areas to indicate their uncertain validity. The dashed
isolines are usually truncated and then resumed elsewhere at the edge of the moun-

tainous area indicating either lack of data or extreme variability of rates. Dashed

lines outside of hatched mountainous areas indicate a greater degree of subjectivity

and, hence, uncertainty in the analysis. Dashed lines are used over water to con-
nect isolines over adjacent land areas. All isolines over water areas reflect data

from locations on land, and should not be considered an accurate analysis of rain-

fall rates over the water surface.

Locations where the model is not valid for estimating rates because there is

less than one rainy day in the mouth are bounded by a line of alternating dashes and

dots. These areas are frequently surrounded by regions with one to three rainy

days for which rate estimates may be high (see Section 3). Therefore, rain-rate

isolines were subjectively adjusted in the vicinity of locations for whioh the esti-

mated monthly precipitation from Eq (3) exceeded 4 times the observed monthly

precipitatlon. Either rain-rate gradients in some areas and mouths were too large

to show all the inclines or there were insufficient data to depict the true gradient in

15



in the analysis. Under these circumstances, isolines are either eliminated or

truncated.

For islands or island groups/chains, a value representing the middle of the

range is shown it there is only one station with a rate estimate. Where there are

two or more stations with estimates, the values of the bottom of the lowest range

and the top of the highest range are shown.

In comparison to the mid-season charts, the most objective analyses are the

charts of the highest 1-min rainfall rates at each exceedance probability regard-

less of the mouth in which they occurred (Figures 22, 24. 26. 28, and 30). This

Is because of the following reasons:

(1) There are a greater number of stations with valid data.

(2) Rate estimates for any month at a location were used only if the estimated

monthly precipitation calculated froin Eq (3) did not exceed 4 times the ob-
served mean monthly precipitation.

(3) Rain-rate gradients are not as extreme.

5. MAP DISCUSSION

5.1 January (Figures 2-6)

As shown in Figures 2-6, highest rates during January occur along the north-

ern coast of Australia, in Indonesia, in the interior portion of South America be-

tween about 200S-30*S, and in part of South America close to the equator. Rates

in these areas exceed 1. 8 mm/min 0. 01 percent of the time in the month. Ex-
tremely dry conditions with less than one rainy day in the month occur in a large

portion of Peru and Chile and along the southwest coast of Africa.

5.2 April (Figures 7-11)

As shown in Figures 7-11, much of the tropics north of about 10*S has rates

exceeding 1. 6 mm/mn 0. 01 percent of the time during April, with the highest

rates exceeding 1. 8 mm/min in parts of Indonesia, equatorial Africa, and the

northern coast of Brazil. Much of Peru, northern Chile. and part of the southwest

coast of Africa have less than one rainy day during the month.

5.3 July (Figures 12-16)

As shown n Figures 12-16, rates are generally low in most areas during July,
a mid-winter month in the Southern Hemisphere. Large areas in South America

and Africa have less than one rainy day during the month. Highest rates, exceed -

ing 1. m rm/min 0. 01 percent of the time, are generally confined to Indonesia.

16
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.4 Oetober (Figures 17-21)

As shown in Figures 17-21, rates are generally low in most areas during Oc-

tober, and rates exceeding 1. 8 mm/min 0.01 percent of the time are virtually

confined to parts of Brazil. Large areas with less than one rainy day during the

month are found in Peru. Chile, part of southwestern Africa, part of eastern Africa,

and parts of northern Australia.

5.5 Worst Month (Figures 22. 24, 26, 28. and 30)

As shown in Figures 22, 24, 26. 28. and 30, the highest rates during the most

severe month exceed 1. 8 mm/min 0.01 percent of the time in a large part of South

America north of 300 S, in northern Australia, in Indonesia, and in two small

areas in equatorial Africa. Rates exceeding 2.0 mm/min 0.01 percent of the time

are virtually confined to part of northern Brazil.

5.6 Month With the Highest Rates (Figures 23. 25, 27. 29, and 31)

As shown in Figures 23, 25, 27, 29. and 31. highest rates most often occur

during the summer months (Dec. Jan, Feb) for all frequencies of occurrence.

Some general exceptions are the southern parts of both Australia and South America.

In these areas, winter rates are commonly the highest at frequencies of occurrence

equal to or greater than 0. 5 percent of the time.

6. OTHER CONSIDERATIONS

The model used to develop this atlas uses long-term climatic data (> 5 years)

as input. Therefore. rain-rate estimates are considered to represent a long-term

average. These estimates may not be adequate for design problems for which a

low risk is important, since year-to-year variations in the distribution of 1-min

rates observed at a specific location can be quite large.

The charts presented herein are intended to present the spatial distribution of

1 -min rainfall rates in the hemisphere. However, it should be noted that the anal-

yses required a substantial amount of subjectivity. as discussed in Section 4, and

smoothing of the isolines was necessary in areas with large local variations in

rates. Therefore, it would be more appropriate to use the Tattelman-Scharr mo-

del when rate estimates for a particular location are required and the climatic in-

put data are available.

17



06 P

--- ---------- - -

!W AM NOATE9LEVIIWINLUY OM MA IS

Figure~~~~I. 1.Sail itiuio fLcain o WihDtaWr sd oa 60_"U



1.60-160

kB-200

/ o 10 -8

1*. 10121

IIt-'

0

DATA~

-..~ .80

20

1.70

SI4ACD AIIM P@CATI IMEAIIN 0&*EUY OMANI TnAN I=Cm

Figure 2. One-Min Rainfall Rate (mm/mmi) Equalled or Exceeded 0. 01 Percent of
the Time in January ptVOSP0

21



.90
.7

t A4

<1 (RAI Y' DAY5

977

- -44

,(NO> X

NO O

K'..7

.97

*m UA OWT NVTM041Y/ /MT~ 3
F~~~are ~ ~ N. OneMi Ranal ae-r---quledo xceed0 5 eceto

ft4 Ti e I a u r 
R V O S P G

N~~~I BLAN. - K

~/ /



40

V / .20

Y0_-90D

75

.45

45/40 7

~N
AT RAI1DA

'-,.DATA\
0

hjNACD Ana dOSCAII ELEVATION O6&WA GOATEE TH4AN IWO m.______________________

Fi g 4. one-Min Rainfall Rate (mm/mmn) Equalled or Exceeded 0. 10 Percent of
the Tme in January ofteg

25



-'.2

.25-.30

~39.39

t7 d

0,,

.27

22

.25-6 12?

* 05

~DAT

5 NO
DATA C

,25 i
NO

DATA A

.27 *

140

SHAMIOA" INDWICATE ELEVAION OIERALY ONATh3T4AN ICNO m.---

Figure 5. One-Min Rainfall Rate (mm 1mmn) Equalled or Exceeded 0. 50 Percent of
the Time in January

27



44

ADAT

I RAINY DAY

<' ~I )NYDAYA

aAT

.122

the1- Timei.aur

>129



140

04,6
[700

.0

NO I--

Figure 7. One-Min Rainfall Rate (mmn/mini Equalled or Exceeded 0. 01 Percent of
the Time in April

31 j L"



.7

.97.

30

N68

DAT "P---

1,\,

4--

WIADED Aft"S 04DICATE ELEVATION GENERALLY GREATER THN M m. -

Figure 8. One-Min Rainfall Rate (mm/mmn) Equalled or Exceeded 0. 05 Percent of
the Time in April

33 1 LN



___ Mo"r ... . .

_ _ _ -- . ,- -

<1 RAINY DAY -

X

4 NO

?#80 AT

/O \ s.: - _K, ,."

- N" .4 ... -4... X

300A

800

;i 0

NO 
l

DATA.-

\ I~AT

Ir'eg One-Min Rainfall Rate (ram/mini Equalled or Exceeded 0. 10 Percent of

ppaq~vlous PASSI
3 IS SLAANK

0, / ,- -- >



" 2

.25-.30

27

Ji85-30

'22

22 Ie22 1

1. ?2 .4.7

.17
110'. 1

100

SNADID AlIAS I*40CATE ELIVATION OENINALLY ONATER THAN 5300 ._ __- - -

Figure 10. One-Min Rainfall Rate (mm 1mi) Equalled or Exceeded 0. 50 Percent of
the Time in April



. ~RAINYA

.12 . ~' N DATA

J2 2 JO

'07 --- .

NO ~

DATA

34 NO V
'OATA

.12

SNADED AMAS S4OCATE IIEVA11ON GO4AY ONM THMA ISM0
ml__ __ __ __ __ __ __ __ _ __ __ __ __ ___pig__ _

Figure ii. One-Min Rainfall Rate (mm /min) Equalled or Exceeded 1. 0 Percent of
the Time in April

29 PRItVIOUS PASS
18LAN4

K3



I k N 40

.t9 60 I V4> NO
I 'A~- ~\~ATA

14 IDA

00

.660 RIY A

/ 'NO NO

< d?

It 
#

SHADI A004 DOCAlE SUIW OEE4Y GUAIER THAN 19W

Figure 12. One-Min Rainfall Rate (mm/min) Equalled or Exceeded 0. 01 Percent of
the Time In July

41 I LN



NO"

/ §0
DAT

/v

977

DA

NON

-. 9l.

*mAAU AWAs NW6AI fIWAIO4 NER~WALLY GREATER TH4ANI tSWO.

Figure 13. One-Min Rainfall Rate (mnmmm) Equalled or Exceeded 0. 05 Percent of
the Time in July

43L2K



.
I RAINY DAY0

A -

/ w 
75

75 
4.

46,

NO' < I RAINY DAY'

lBp

j44

INAND ~ ___ AR ACRRAKORYGATRTHN 1OSWf

Figure 14. one-MinI Rainfall Rate (mm/min) Equalled or Exceeded 0. 10 Percent of
the Time in July

41GI
45 IS*L.A"KI



2*25 N

<%I RAINY DAY

4j '25

42

74W MlCl UAINGlAI A! A 30,~

Fn.15.OeM RanalRt(m/ )EqaldoExedd050Prnto

the Tm. i J NO



*0 - <jRAIN6

.12

< AINY D4Y"

05,

.12 07 *0

.1007-__

I NO
DATA

.0 - "

* NO 05 -

DATA A

NO 5DATA

12Uzz

Figure 16. One-Min Rainfall Rate (mm /mmi) Equalled or Exceeded 1. 0 Percent of
the Time in July



~tl

Ad RAINY/ 0

d,

140-1.60 10 1

0,0

115 " YI~ DAYRIN

1600

90

.00 ~

14 soI0 4

CQATA l *

OA. '<I RAINY DAY

S~AOO AAS NOSCIS LEVTIONGENRALY GRATE ThN 130 '. -

Figur <7 In-M Rainfal Rae(mD)AqaldoYEcee.01Pretothe ~ AT TieinOtoe



0 <RAINY DAY

DXT

* 7I~-1.05I

) 4  INY DAi

0 < I RAINY DAY

.97~

.90'

SNO

0

NOZj RA14lY DAY

diTA .30 < I RAINY DAY

NOJ
D CATA, < <I'AINY DAY

.0.9

v=AM 14CAII EVA1IC OW ~AUT ONAMT n I=C m-

Figure 18. One-Min Rainfall Rate (mm/min) Equalled or Exceeded 0. 05 Percent of
the Time in October

53 Nosvo"~ MU



VV

CiA D

6

0

D 'ATA

D~ A Y A

AlRAINY DAY .

OMA0 ANIM M6CA1I UIVAIMOR GIAY GWA1 MMW 500 a

Figre 9.One-Min Rainfall Rate (mm/mmn) Equalled or Exceeded 0. 10 Percent of
th1Tmei October

5 p"sVIiwpami



tv <1 RAW(P/AY_____

f 0 /

2 5

1,20

I.27

.2

.2Y, DAY

1-~ It (RAINY DAY

NO~
<I,AINY DY

MOWD An 0CAII IMAIIO GDOMY GUVA1 MOON I=S '

V7uwe 20. one-Mm Rainfall Rate (mimini) Equalled or Exceeded 0. 50 Percent of
Iho Time in October pRsvioeasO

1 
L S MtAN "



1 15

PA,* <f\iN Q RA

.101

42-

0 A

DAT

,<IATAYDA

34, . NO
~DATA <1IRAINY DAY

0*0

.12

SHADED AREAS NOIATEh 9LIVAYION GEERALLY CAMATER THAN 15$00 ode 0A

Figure 21. One-Min Rainfall Rate (mni/min) Equalled or Exceeded 1. 0 Percent of
the Time in October



.80

~~40

-wo --

oil

010

00

'00A 
< IIAIYOA

Hih st
AAB ?CAII VAII%

F~~~gww ~Q 2.1M aN alHts(mm)Eule rEcee .1Pr

ceit f theTime n AnyMont

401a



2~j
24

51
NO

.4 DAA

JANURY -

VA% -

-bL

'4 
Y -

Ss9A= AS M A ILEVAOON OEPEIALL ONATIEfN TMOI m. m - .-

Figure 23. Month With the Highest 1 -Min Rainfall Rates Equalled or Exceeded
0. 01 Percent of the Time

r"Vw u~
62 Is L



.9

NO

~ ~4242

79

2

NO lb 
I

/ Ip

24. Hi 24. 1-Mim Rainfall Rates (msnlmin) Equaalled or Exceeded 0.05 Per-
dthe Time to Any Month

POUIU PA



M~t ____________________3_

-- -- -- - - -- - - _

2* 1 N3

1! 5__5

3
DATA-----~

NO
DATA

2/

<S

JAURY

MAI

4- I

I' ~SE T4ODER-I

SHAVE AKM IASCATE IIIVATION GENERALLY ONATE HAN4410m I- SW__ DEEMEN-1

Figure 25. Month With the Highest I1-Min Rainfall Rates Equalled or Exceeded
0. 05 Percent of the Time

61 1 PmawPA-



.17

.8

,fqo

TA <1 RAINY DAY

WAUDAN" W@CATU SIA1ION O&ERAMY ONAlD mIAM I=

Figure 26. Higheht 1-Min Rainfall Rates (mam/min) Equalled or Exceeded 0. 10
Percent of the Time In Anfy Month

69



2AA

A '<

~I2

-- 4

12I

NO0

DAT 4

4 lI

OSM AM 00"M1 EIVAWMO OVIMLY OKA= M I= DECMBEm.

Fiur 021. Moth Wlihthe Highest 1-Min Rainfall Rates Equalled or Exceededth Tm

*..TY ,.



10 1-l''.'

10, 1p <I RAINY DAY

.27.

22.

i

NO

.2QN.27

/ Aw

Vigua'e 28. H&Os I -Min Rainfall Rates (mm /min) Equalled or Exceeded 0. 50
Pemat of the T ime in Any Month

73



- .3
2

D .T

4.2

92 2

q -- -4

NWO I 7:

4 'p

NO*

0.10~ Perce -f th5Tm
4 2 flPrA- m



12.15
.12

0, /0

.12

?.~~ 2 07 0

15 .07 .

.0 .05, 1

DATA

10. 05')
NO

DATA

.0

34AAUD AEAS PWA1 IWEATION 0OSPALY ONEAI THAN4 1900

Figure 30. Highest 1-Min Rainfall Rlates (mm 1mi) Equalled or Exceeded 1.0 Per-
ceit of the Time in Any Month

77WBU P6



NO

3 
d 

DATA X

A1 212

6'4

S4

(Il

/ t \ -91 4Z~ JANARY- I

FEBRAY-2

NGIEIUER-I

ffifl ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ AR -M 4C1 IAINGSL UIUW~ 8. EEUR

Figure ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ M 31- 5ho h erWthteHgetiT~ aifl ae qaldo
4rse 1.JUNeEtb Tm JULU

79W -



References

1. Tattelman, P.. and Grantham. D.D. (1982) A survey of techniques for estimat-
ing short-duration precipitation rate statistics, Air Force Surveys in Ge=-
physics No. 441, AFGL-TR-82-0357, AD A125705.

2. Lenhard, R. W. (1974) Precipitation intensity and extent, J. Rech. Atmos.
&375-384.

3. Tattelman, P., and Scharr, K.G. (1983) A model for estimating I-minute rain-
fall rates, J. Clin. Appl. Meteorol. 22 (No. 9).

4. Jones, D. M.A.. and Sims. A. L. (1971) Climatology of instantaneous precipi-
tation rates, AFCRL-TR-72-0430, Final Report, Contract F19628-72-C-
0070, AF Cambridge Res. Lab., AD 749878, Illinois State Water Survey,
Urbana, Ill.

5. Sims, A. L., and Jones, D. M.A. (1973) Climatology of instantaneous precipi-
tation rates, AFCRL-TR-73-0171, Final Report, Contract F19628-69-C-
0052, AF Cambridge Res. Lab, AD 760785, Illinois State Water Survey,
Urbana. Ill.

6. USAF Environmental Technical Application Center (1971) Worldwide Airfield
Cimpo Dea. I-X; also published by U. S. Naval Weather Service as U.S.
Naval Weather service Worldwide Airfield SuMmaries

eW91



ATE

LME


