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A Survey of Techniques for Determining
Short-Duration Precipitation Rate Statistics

1. INTRODUCTION

In the past 10 to 15 years, there has been increasing demand for information
on short-duration precipitation rates (intensities averaged over intervals of 5 min
or less), Primary interest is in 1-min intensities, commonly referred to as
“instantaneous' rates. Knowledge of the frequency-distribution of short-duration
rates is inportant to the design and operation of many types of equipment. Pre-
cipitation, especiaily at heavier intensities, attenuates microwave signals of
Alr Foree systeme used in satetlite detection and tracking, communications, air
traftic controi, rcceunnaissance, and weaponry. Erosion due to rain is important
to ‘he design and operation of helicoptor rotor blades, leading edges of aircraft

and missiles, and fuses on airborne ordnance. Intense rainfall can cause jet

s cngineg to maitunction and can penetrate protective coverings on exposed elec-
i oot e chanical mawerie ],

3 Forintali statisties have been collected at thousands of locations worldwide,

; Yo onaovo than 1o vears inomany instances. However, data collection was

1

P orienicn wovard agyieultural and hvdrological purposes, tor which monthly, daily,
G pes- conomonltvy, 4= and ¢ =hourly totals were collected. Rates for 3 hr down

o vt avatjebic for many stntions in the United States, but for very few
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stations elsewhere in the world. Clock-hour data (totals on the hour every hour)

are also available for numerous stations in the United States, some stations in
Europe, but only a few stations elsewhere.

Most rain gauges in every day use do not have adequate resolution to measure
short-duration rates. Much of the meager amount of data that are available were
collected during special field programs conducted for brief periods of time {(for
example, 1 to 3 years)., Therefore, researchers have devised models for esti-
mating the frequency distribution of instantaneous precipitation rates by relating
the available data to climatological data (for example, mean precipitation, mean
temperature, etc.) that are available for most observation sites in the world.

This report presents a review of techniques for estimating the frequency
distribution of instantaneous rates at a point, and an evaluation of the limits of
their applicability. Some authors of these techniques use the term rainfall (or
rainfall rate) instead of precipitation. The use of either term in this report

implies the inclusion of the melted equivalent of frozen precipitation.

2. BACKGROUND

There are three major, readily available sources of short-duration precipi-
tation data. The largest is published by The National Oceanic and Atmospheric
Administration (NO:\:‘\I). It contains the highest annual intensities for intervals
of 5 to 180 :nin, for 30 years, at approximately 250 stations in the U, S. Lin?' anrl
[@(\3 developed methods to use these data for estimating the distribution of short-
duration precipitation rates nt the cities for which they are available. The other

’

B . . ", . .
two sources published {under contract with USAI") an extensive amount of data
and analyses for rates of 4 min or less at four networks and at numerous point

locations. One-minute distributions were provided for 13 of these locations,

1. National Oceanic and Atmospheric Mdministration (1089) Climatologicnl Data
National Sunimary, in annual issues since 1030, U.5, Dept. of Commerce,

2, Lin, S.H. (1977) Nationwide long-term rain rate statistics and empirical
calculation of 11-GlHz microwave rain attenuation, Beil System Tech. J,
536(No. 1):1581-1604,

3.0 Lee, WO O, Y (1079) An approximate method for obtaining rain ratc statistics
for usce in signal attenuation estimating, IFLIY. Trans. Antennos Propag,
AP-27(No, 3):407-413,

4. Sims, AL L., and Jones, D.MOAL {1973) Climatology of Instantancous
Precipitation Rates, AFCRIL-TR-73-0171, Final Report, Contract
1'10628=-72-C-0052, Illinois State Water Survey, Urbana, [, AD 760785,

. Jones, DOMLUAL, and Sims, AT (1071) Climoatoiogy of Instantancous

Prccipitation Rates, AFCRI-TR-72-0430, Final I\‘pp{)x t, Contract
Floa28-n0-C-0079, lllinois State Water Survey, Urbano, I, AD 53oa78,




seven in the United States, three in Europe, and three in the Tropics. A poten-
tially extensive source of data for the U.S. is discussed by Bodtmann and
Ruthroff. 6 They present a method for analyzing 1~min rainfall rate distributions
from weighing rain gauge recordings, a large number of which are available from
the National Weather Service. Results are presented for a 5-~year period at 20
U.S. cities.

Watson et al7 conducted a survey of 25 European countries to determine the
availability of short-duration rainfall data, Their summary of the results reveals
eight countries that have instantaneous data for at least one site, and 1é countries
that have collected either 5-min or hourly rates. These sources hold promise for
future studies of short~duration rates in Europe. Sega18 analyzed original rain-
fall recorder charts for 47 Canadian stations. The results are in the form of
curves of long-term probability of exceeding instantaneous rainfall rates of
10 to 300 mm/hr for each location.

Some researchers (for example, Freeny and Gabbeg) present data and analysis
of short-duration rates for individual rain-gauge networks. These provide inter-
esting statistics on the temporal and spatial variability of short-duration rainfall.
Other researchers utilized radar to measure precipitation rates, but these are not
accurate enough for most applications. The magnitude and diversity of the studies
on short-duration precipitation preclude discussing the vast majority of them here.
However, Huff10 and Cour'cl1 present an excellent overview of literature on pre-
cipitation research. The emphasis of our report is on empirical models or tech-
niques for estimating the frequency distribution short-duration precipitation at a

point based on rain-gauge observitions over longer time intervals.

6. Bodtmann, W.F,, and Ruthroff, C.L. (1976) The measurement of 1 min rain

rates from weighing raingage recordings, J. Appl. Meteorol. 15:1100-1166,

7. Watson, P.A., Sathiaseelan, V., and Potter, B. (1081) Development of a
climatic map of rainfall attcnuation for Furope, Interim Report for
European Space Agency, ESTEC Contract No. 4162/70/NL/DG(SC),
Report 300, 134 pp.

8. Segal, B. (1079) High Intensity Rainfall Statistics for Canada, Communications
Rescarch Center Report No, 1329-E, Dept. of Communications, Ottawa,
Canada, 124 pp.

a. Preeny, A.E., and Gabbe, J.D. (1060) A statistical description of intensc
rainfall, Bell System Tech. J. 48:1780-1851.

10, Huff, F. A, (1071) Statistics of precipitation, J. Rech, Atmos., pp. 73-88.

11. Court, A. (1079) Precipitation research, 1973-1978, Rev. Geophys. Space
Phys., Hydrology 17(No. ):1165-1175.

= P " TN T T YT 4 .

SO U U VU



e

L

—

""r —
el

Laal s maniC 4

(B

3. ESTIMATING SHORT-DURATION RATES FROM
LONGER-DURATION MEASUREMENTS

The paucity of measurements of short-duration rainfall has prompted studies
of the distribution of short-duration intensities within a larger interval of time,
usually 1 hr. A very early study by Bussey12 showed how the instantaneous rate
distributed itself around the mean hourly rate. He found that for Washington,

D. C. about 20 percent of an hour the rate was a "trace'' or less, 35 percent of

the time the mean hourly rate was exceeded, and "to exceed it by five or six times
for a few minutes was a fairly common occurrence.' Briggs and Harker13 exam-
ined data from special gauges at Winchcombe, England to obtain the distribution
of 2-min intensities associated with various ranges of clock-hour totals. Their
results are in general agreement with Bussey, 12 and suggest that they may be
generally apnlicable to showery precipitation. On a broader scale, Davis and
McMorrow 4 used actual 1- and 4-min rainfall measurements at 13 locations to
develop relationships between clock-hour and short-duration rates.

Due to the importance of instantaneous rates for some applications, research-
ers have studied the relationship of these rates to 5-min rates. For example,
Hcrshficld15 used statistical techniques to estimate extreme 1-min rates from the
5-min rates published by NOAA, 1 Pinkayan and Ketratanaborvorn!® derived an
exponential equation relating 1-, 2-, 3-, and 4-min rates to 5-min rates.

These techniques are most useful for the locations (mostly in Furope and
North America) for which ¢lock-hour or other similarly comprehensive precipi-
tation measurements are available. For deriving frequency distributions, models
that utilize data in the form of monthly or annual means of temperature and pre-

cipitation, number of days with precipitation, etc., have been devised.

12. Busscy, H,E. (1050) Microwave attenuation statistics estimated from rainfall
and water vapor statistics, Proc. IRE 38:781-785.

13. Briggs, J., and Harker, J. A, (10960) Estimates of the duration of short-period
rainfall rates based on clock-hour values, Meteorol. Mag. 78:24/-252,

14. Davis, A R., and McMorrow, D.J. (1776) Stochastic Models for Deriving

Instantaneous Precipitation Rate Distributions, U.S. Air Force, Air
Weather Service Tech Report AWS-TR-74-203, AD An36403, USAFETAC,
Scott AFIE, T11

15, Hershtio 1d, DOAL (1772) Fstimating the extreme-value 1-minute rainfall,
J, Appl. Meteorol, 11:936-940,

1:. Pinknvan, S., and Retratanaborvorn, T. (1973) Mcasurement and analysis of
very short duration rainfall, Hydrological Sciences - Bulletin - des Scicnces
Hvidrologiques, Bangkok, Thaitland, XX:87-91.
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4. MODELS FOR ESTIMATING INSTANTANEOUS
PRECIPITATION RATE DISTRIBUTIONS

Five models are presented in this section, of which four are used to estimate
annual instantaneous precipitation-rate distributions. The fifth model estimates
monthly instantaneous rate distributions. Three models require input of climatic

data, and two require only identification of the applicable region.

1.1 Rice-Holmberg Model (R-H)

The model proposed by Rice and Holmbergn estimates the percentage of an
average year that t-min surface rainfall rates exceed a given value (for t = inter-
vais of 1 min to 1 day). For 1l-min rates, the model uses two parameters for a
spuecific location, the mean annual precipitation (M), and the ratio of annual
thunderstorm rainfall to the total annual rainfall (8). For t > 1 min, an additional
parameter, the mean annual number of days with precipitation (D) = 0.25 mm
(0. 01 in,) is also used. M is available for almost all meteorological observation
sites, and the authors provide it as contours on a world map. The ratio £ is not
reardily available and must be calculated from meteorological data. The authors
tave cdone this without describing the procedure, and present the results as con-
tours on a world map. The number of days with precipitation is generally avail-
able, but minimum threshold values (0,01 in, 1 mm, ete.) vary from country to
countrv,

The model was developed using data collected in the U.5., including extreme
short-biration precipitation published by N()A:\I for the vears 1951-1760, which

W evtrapointed to estiinate 1-min rates. World contour maps of M and & re-

quire inicrpoiation that is very difficult in areas where isolines are closely spaced.

I'hese cre major shortcomings of the model.

L2 bmtton Dougherty Mode! (D-1)

This model (Dutton ot ai '%) is an adaptation of the R-H model to Europe and
1t utilizes the same input parameters: M, 3, and D. The D-D modification to the
R-Inoael facilitates error analysis of the predicted distribution, and simplifies

procedures for estimating rain rates for a specific percentage of a year. The

17. Rice, P.l.., and Holmberg, N.R. (1973) Cumulative time statistics of
surfacce - point rainfall rates, IEEE Trans. Commun. COM-21(No. 10):
L131=-1156.

18, Dutton, b.J., Dougherty, H.T., and Martin, R.F., Jr. (1974) Prediction of
Turopean Rainfall and Link Performance Coefficients at 8 to L0 GHz,

Institute for Telecommunication Sciences, U.S, Dept. of Commerce,
Boulder, Colo., AD/A-000804,

11
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authors also present a method for calculating B for a specific location and for
estimating year-to-year variations. Differences in the distributions between the
R-H and D-D models are slight.

Rainfall data for 249 stations were grouped into ten climatic rainfall zones
covering Europe. Values of M, 3, and D were determined for each station and
averaged for the stations in each zone. These were used to construct nomograms
of rainfall rate versus the percent of time the rate is exceeded in an average year,
for rate-averaging times of 1, 5, 30, 60, 360, and 1440 min (1 day), for each of
the ten zones. The distribution for zone 2, which includes the British Isles and
western France, is shown in Figure 1. Contour maps of M, B, and D for Europe,
provided by the authors, can be used to estimate distributions at specific sites.
Contour maps for Europe of 1-min rainfall rates for 1, 0.1, and 0.01 percent of
a year from the report are shown in Figure 2.

Subsequently, Dutton and Dougherty19 calculated input parameters to the D-D
model for 305 U.S. weather stations based on 30 years of data. The results are
presented as contour maps of 1-min rainfall rates predicted for 1, 0.1, and

0.01 percent of a year in the U.S. (Figure 3)

4.3 Crane Model (Cr)

Crane20 processed seven years of excessive precipitation data for 15 stations
in New England an’ eastern New York {rom the annual reports published by
NOAA. 1 He found that the mean and variance of the annual extremes were similar
to the mean and variance for 24 years at one of the stations (Boston). The mean
of the annual extreme rates was 100 mm/hr with a standard deviation (SD)
35 mm/hr in the 15-station sample. The mean and SD for Boston were 91 mm/hr
and 44 mm/hr. He felt that his results warranted the use of climatically uniform

2 1). In it

regions, and further developed a global rain-rate climate model (Crane
the world is divided into eight regions (Figure 4) based on total rain accumulation,
22
The

U.S. is covered by five regions; but one of them is further divided into three sub-

and the number of thunderstorm days from maps published by Landsburg.

regions (Figure 5). Crane obtained additional guidance from the Képpen world

19, Dutton, E.J., and Dougherty, H. T, (1079) Year-to-year variability of rain-
fall for microwave applications in the U.S. A., IEEE Trans. Commun.
CON-27(No, 5):820-837.

20, Crane, R.K. (1077) Prediction of the effccts of rain on satellite communica-
tion svstems, Proc. II‘II‘II;; G5:406-474,

21, Crane, R.K. (1989) Prediction of attenuation by rain, IZEI Trans. Commun.
COM-28(No. ©):1717-1733. -

22. landsburg, H. I, Ed. (1974) World Survey of Climatology, Vols. 1-15,
Ilsivier Pub. Co.., Amsterdam, The Netherlands.
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Figure 1.

11 Furopean Climatic Zone 2 (From Dutton ¢t all8)

. Yo c. e N T JREEN
"“{/_.3 S\ s /‘ :

A E- AP AN

3 N
A N AR b
1 B *P \ ,)9.! r (L
i o Y ol
L TR

SRR Wi

b
[
[}
}_,
]
’( 70 T ! LS l La l . ' v
- ~1=Imin ZONE 2 4
3 60 |- 1*5min ~
}l , Tt 1230 min .
- -
b g 50 -
£
E -~ H t=60min 1
[ 4
o 40 ~1
} 2 - 1
[ 4
b , 30F -
3 3
4 ‘f o g
3 z
1 a 20k 7]
F-‘ E +=360min *
ok 121440 min |
N O e l A ' " L
0.001 0.0l 0.1 | 10 100
K PERCENT TIME, P, (R),ORDINATE IS EXCEEDED

The DRistribution of Rainfall Rates of t-min Duration




|
b
>
}
]
3
i
}

A

12 o 50™
0°€ 200 108 a0% 7\
/ ey 10
S |

o
G

Igeg 20° 30° 40 50
/ 30 ) nj20
A

Figure 2. FEstimates of the 1-min Rainfall Rates (mm 'hr) in
Europe Exceeded in a Year: (a) 1 Percent of the Time,

(b)Y 0.1 Percent of the Time, and (¢) 0.01 Percent of the
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Frovre 3. Fatimates of the 1= Rainfall Rates (nim/hr) in the U, S.
Poucorded in g Year: {a)y 1 Pereent of the Time, (b)) 0.1 Percent of the
Fivae, and () 1For ooo1 Percent of the Time (From Dutton and
Dougherty ™)
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Figure 3. FEstimates of the 1-min Rainfall Rates (inm/hr) in the U.S.
I'xceeded in a Year: (a) 1 Percent of the Time, (b) 0.1 Percent of the
Time, and {¢) For 0. 01 Percent of the Time (From Dutton and
Dougherty}) (Continued)

climate classification. Boundaries were adjusted to accommodate variations in
terrain, predominant storm type and motion, general atmospheric circulation,
and latitude. Satellite and precipitation frequency data were used to extend the
rain climate regions over the oceans., Fcldmanzs presents an elaborate expansion
of the model for occan arcas.

The measured instantancous rain-rate distributions that were available for
cach of the seven regions and threc sub-regions were pooled to construct the rain-
rate distributions (Table 1). No data were available for Region A, and the author

does not explain how its distribution was derived.

23, Feldman, NOIL (1070) Bain Attenuation Over Farth-Satellite Paths, Final

Report, Contract Nooa342742C=-0146 for Naval Electronic Systems
Command, Science Applications, Inc., A ADTI300,

16
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Table 1. Point Rain Rates (mm/hr) Versus Percent of Year Rain Rate is
Exceeded for the Regions Shown in Figures 4 and 5 (From Crane2l)

— T

’ Rain Climate Region
Percent
of Year Time A B C D1 Dy D3 E ¥ G H

I ¢.001 5 m 28 54 80 90 102 127 164 66 129 251 !

{ 0. 002 10 m 24 40 62 72 86 107 144 51 1no 220

[ 0.005 |26m 19 26 41 50 64 81 117 34 85 178

§ 0. 01 53m | 15 10 28 37 4 63 98 23 67 147

i

| v.02 1.7 hr | 12 14 18 27 35 48 77 14 51 115

J 0.05 4hr | 8.0 9.5 11 16 22 31 52 8.0 33 77

! 0.1 9hr { 5.5 6.8 7.2 11 15 22 35 5.5 22 51

]

O \ 18hr | 4.0 1.8 3.8 7.5 o5 14 21 3.2 14 31

i

;’v)) 1.8 d 2.5 2.7 2.8 1.0 5.2 7.0 8.5 1.2 7.0 13
1.9 led‘IT 1.8 1.9 2,2 3.0 4.0 1.0 0.8 3.7 fi. 4
20 T3 l L1oLz L2 1.3 1.8 2.5 2.0 0.4 L6 2.8
Number of i 2 14 15 06 18 12 20 2 11
Station
Years ot :

Cinta Jl

L1 Jones Sims Model (J-%)

.. 24 . . . . .
Jones and Sims utilized 1- and 4-min rainfall data from 19 locations in the

Norvthern Homisphere to deseribe the rainfall rate-frequency relationships for
Dot of the five rain climate recions, worldwide, used by Herbstritr. 20 Fhis
aond classification svstem (Figure ) does not include polar regions for which
santall rates are preswmably not of importance for most nppiicaticns,  Figure 7
show s the curves tor the four regions derived by overaging the frecucencies for the

vl oraual Stations sithin each of the regions.
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Figure 6. World Rain Climates Used by Herbstritt
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The obvious shortcomings of the J-5 model are the mixing of 1- and 4-min
data, and the use of extensive regions. Resolution is poor when information tor

individual locations is required.

1.5 Lenhard Model (Le)

The only method we found that can be used to estimate monthly rainfall rate
statistics was developed by Lenhard. 26 He used data on 1-min rainfall rates for
13 stations, published by Jones and Simss and Sims aud Jones, 4 and developed a
model for estimating instantaneous rainfall rates equalled or exceeded 2.0, 1.0,
.5, 0.1, N.05, and 0.01 percent of the time during a month from re: 1ily avail-

able climatologizal data. The model is of the form

R =A +BI+CT (1
p p p p

where Hp is the precipitation rate {mm/min) equalled or exceeded p percent of
the time during the month, I is a precipitation index (the ratio of mean monthly
precipitation and the number of rainy days), and TCF) is the monthly mean tem-
perature. Ap’ bF" and (Lp are coetficients that depend upon the exceedance prob-
ability {(p). Lach coefficient is given py

4

K=¢+inp+ry in"n (2)

where K ois the coeffivient (1\p, Br» or Li-) and ¢, 5, and vy are least-squares
vegressiorn coctlicients,

Separate scts ol cquations were derived for nirecipitation indices base: on
days with 0. 01 i, w .. or 1 mm ol more to define a rainy dav.  Another
threshold votue to define a rainy doy 1s a trace, but differcnces between the
menbes of davs with this smount and 0] in. or more were found to be slivht,
Fable 2 cives the coefiicients to be u=crd in Fg. (2) tor cach of the three achiniions
of oo with rarn, Sleo, cocfticionts are npresentec separatety as derived using

darta troe o Lostatvms un the stads . irore e wen extra-tromeal sctions, and

trose the e trony ol stedions, Ve osn example, 1o estimote the roinfros ran
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For an index of 5.8 mm per rain day based on days with 1 mm or more, and a

me.n temperature of 67.3%F, the c¢quation yields an estimate of 0.86 mm/min.
P

Tabie 2. C(oefficients to Produce Estimating Equations for the Lenhard Model

— —

* L~—~ All Regions Tropical Extra-tropical

K ‘ .-\p Bp Cp Ap Bp Ap Bp Cp
| Index based on days with 0. 01 in. or more of rain

a T-0. N96NH 0. 00911 0.u0143 . 19378 0.01571 0. 01256 0.00578  ~-0.00032
N ! N, 10444 -0. 00904 =0, 0n312 -0.07436 -0.01275 0.10626 -0. 00666 -0. 00157
EL Y [ -1 02245 0, 00028 0, 00075 0.02126 0. 00000 -0. 03071 0. 00028 0. 00N92
.
;l Index based on days with 0. 10 in. or more of rain
: i IT.“' 11308 0, 10406 0.00184 -0, 01943 0.01287 0.01642 0.00334 ~0, 00033
: R } n, 20257 =0. 00555 -0, 00334 -0, 06076 -0. 00976/ 0.10020 -0. 00447 -0.00138
} b i -1, 02278 0. 00022 0. 00075 0. 00880 0. 00128 -0.03045 0.00013 0. 00098
|
J[— Index based on days with 1 mm or more of rain
‘ j ‘V-n ll“}i!;l‘) . 0N6as 0, 00164 -1L 00563 0.01491 0.01708 0.00468 -0.00038

: AN SN -0, 007532 -4, 00321 =0.07037 -0.01188 U, 09872 -0. 00599 ~0. 00142

; ”7 ,J,,’“,',.(_","’i?;,_”' aop2a 0. 00074 0.01632 0.00112 -0.03047 0.00021 0. 00092

l.enhard cautions that the model cannot be extended below the input data,
(that is, mecan temperature <22°F and index values <2 mm/day). In fact, some
internal inconsistencies were found at index values below 10 mm/day and tem-
peratures below 40%F. Rates should decrease with an increase in the probability
of e xceedance. To determine if the equations arce applicable to a location that is
cither very cold or very arid or both is to calculate rates for all exceedance
probabilities. If they arce consistent with each other, they are acceptable. If
the: arc consistent but a negative rate shows up at the higher exccedance prob-
abilitics (for example, 1 or 2 percent), it could indicate that it doesn't rain that

often in that month,

L0 Comparisons

e D=D model is a modification of the R-H model, and actual differences in
18
). One of the

input purancters for both models is the ratio of thunderstorm rain to total rain

the distributions caleulated using thein are slight (Dutton et al

21
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at a location. Dutton et al18 presents an expression to calculate this ratio, but

it requires the highest monthly precipitation observed in 30 consecutive years of
data. Few stations outside of North America and Europe have recorded such data.
However, a world map of the ratio is provided by Rice and Holmberg. 17

The Cr and J-S models provide instantaneous rate distributions for a given
percent of a year for rcgions delineated for this purpose. Distinct advantages
of the Cr model are the greater number of regions used and the greater clarity
of regional boundaries (see Figures 4 to 6). A descriptive comparison of the
models is provided in Table 3.

A comparison of estimates using the R-H, D-D, Cr, and J-S models with
observed values for U.S. cities is given in Table 4. The observed values were
taken from the distributions derived from five years of original records at each
city by Bodtmann and Ruthroff. 6 These data were not used in the development of
any of the models. R-H model estimates were made using M from long-term
climatic data instead of the world contour map for M provided with the model,

D-D model estimates were made using their contour map for the U.S. [Figure 3(c)].
The best estimates, as indicated in Table 4 by the root-mean-square departures,
were made using the Cr model, followed by the D-D, R-H, and J~S models.

The Le model was not compared to the others in Table 4 because it produces
estimates of instantaneous rates on a monthly basis. Although these statistics are
probably more useful than annual distributions for many applications, no other
monthlv or scasonal global models were found. At AFGIL., development of an
improved model for estimating monthly dist: ibutions is being completed. A report

on the model will be released in the near future.

3. DERIVING INSTANTANEOUS PRECIPITATION RATE
STATISTICS FROM CLOCK-HOURLY DISTRIBUTIONS

Four models are presented in this section. Two use clock-hour data to derive
the di=tribution of instantancous rates, and two can be used to derive clock-hour

distributions.

3.0 Models for Periving Instantaneous Di-tributions

Dovis and .\L,-Mm'l'mv“ derived tebles of «lock-hour rate intervals versus
instentancous rate intervals for six locations, and versus 4-min rates for seven
other locasions, worldwide, The tables give the percent contribution of the short-
duration rate within cach of nine spocificd intervals for each clock-hour rate
interval  The location for which the short-duration precipitation rate distribution

1= vequircd pust bhe compared with the =tetions in the veports The tables tor the

o
(8N4
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Table 3. Comparison of Models for Estimatirz Instantaneous Precipitation Rates
Input Where
Model Parameters Cutput Applicable Advantages Disadvantages
R-H T 1. Mean annual Percentage of Worldwide ? The Diatributions of the | 1. Based only on U,S.
‘ ! precipitation year that 1-min authors used U. S, frequency of 1-min | data
! I sfc rainfall data and conclude rates can be calcu-
: 2. Ratio of rates exceed a that results are lated for individual 2. World contour maps
! ¢ thunderstorm given value applicable for locations that are furnished to
: ' rain to total the U.S. However, determine inputs have
| - rain they provide global poor resolution
| ! maps of the input
| ! parameters and
| | compare model
! output with four
i stations outside
' ‘ the U.S. implying
i‘; . global applicability. !
| D-D ' Same as R-H ! This is a mod-~ Worldwide, but 1. Rainfall rate for | Calculation for an in- 1
| model . ification of the applied only to | a given percent of dividual location re-
|  R-H model that data from Europe one year can be quires the highest ,‘
‘ L facilitates es- and the U.S. (pre- calculated for indiv-] monthly precipitation |
i timating 1-min sented in separate idual locations with | in 30 consecutive ;
: : rainfall rates reports).  Can be climatic data years, which is not \
! exceeded vs extended to any readily available |
I percent of an location in the 2, Contour maps of | outside of Furope i
! ‘, avg year world for which input parameters and N. America
‘ ! input parameters have better resolu-
| ‘ an be calculated, tion for applicable
| | regions than R-H
' ; model
|
’ ‘ 3. Includes a meth~
! ’ odfor calculating
| | the ratio of thunder-
| storm rain to total
l | rain for a specific !
‘ } location that is not
| ! included in R-H
! ! I ‘ l model }
. ' . -4 . B - R QR - e
Cr Worlt is divided ! Distribution of | Worldwide 1. Applicable world-| lLarge variations in ‘
I into eight regions | 1-min sf¢ rain- ‘ 1 wide rainfall rates for i
of "homogeneous" 1 fall rates vs : individual stations i
rainfall rates percent of vear ! © 20 Addresses year- | within regions i
{part of the U, 5. the rate is ¢x- | 1 to~vear variability X
Cix further divided cevded for each ! . and varmability of
into three sub- i region ; ' rainfall rates within ‘ .
regions) ! . ‘ cach region i i
. } } boos — z + - e e
s World s dhivided | Same as O Worldwide except I Int ludes example of | 1. Regions are too
MO fve renons model, however, \ polar regions and ’ the dispersion of extensive and pre-
distributions ane of the five | the station distribu- . cision of estimates )
are presented ltrpatic regrons o tious groupe:d to | for wndeiidual lova-
for only four ! represent aocli- tions as low
of the five i matie rogion . .
reghms Vl1s wod Ao dats !
were mixed to derave |
the drstributions
. . ' . ' .
e oo Mean soonthiy bFetimate of 1= Worldwrde o1t the oy 1o Not vain e for
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Comparison of Model Estimates of Instantaneous Rates With Those Ob-

served at Nine U.S, Cities. Departures from observed values are given in
parenthesis
Rate for 0.01 Percent of an Avg Year (mm/hr)
Location Observed_ - R._-Hv 7 D-D Cr J-S
Atlanta, Ga. 69 93(+24) 92 (+23) 63(-6) 100(+31)
Bismarck, N.D. 41 30(~i1) 35(-6) 37(-4) 65(+24)
Buffaic, N.Y. 48 52(+5) 43(0) 43%(=5) 65(+17)
Columbus, Ohio 56 62 (+6) 55(-1) 49(-7) 65(+9)
Dallas, Tex. 73 85(-12) 75(+2) 867 (-17) 10027
Memphis, Tenn. I‘ 64 93(+20) 30(+16) 63(-1) 1O0{+36)
Miami, Fla. 111 115(+4) 110(+1) 08(-13) ton(-11) :
Milwaukee, Wis. O at(+4) A0(+3) 43 (-1 65(+13)
Newark, N.J. I 3 43(-2) o+ gn) 40(-1) GA(+19)
O
Root-mean-square departures 4.1 1.3 8.6 200
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Estimates of instantaneous rates from observed clock-hour rates using the
Davis and McMorrow tables, and from Huschke's table that combines all the
Davis and McMorrow data, were determined for 0.01 percent of a year at the
nine U.S. cities in Table 4. These estimates, provided by the USAF Environ-
mental Technical Application Center (ETAC), are given in Table 5 along with
observed values for each city from Table 4. ETAC made the Davis and McMorrow
estimates using the Urbana, Ill., table for all locations in Table 5, except
Memphis and Miami, for which the Franklin, N.C., and Miami tables, respec-
tively, were used. Tables to estimate 1-min rates are also available for Majuro
Atoll, Marshall Islands; Woody Island, Alaska; and Island Beach, N.J. The Island
Beach table would seem the logical choice to make the estimate for Newark in
Table 5. However, Davis and McMorrow 14 incorporate an internal check to
determine the applicability of the analog model to the rain-rate statistics for the
station being modeled. They indicate that the mean precipitation at a location
correlated best with the lower 35th percentile integrated rainfall amount calculated
from the estimated instantaneous rate distribution. The 35th percentile value for
Newark is 110.5 cm (43.5 in.), and 118.4 cm {46.6 in.) using the Urbana and

Island Beach models, respectively. Since the actual annual average precipitation

Table 3. Comparison of Instantaneous Rates Estimated From Clock-hour
Rates With Those Observed at Nine U.S. Cities. Departures from ob-
served values are given in parentheses

~ Rate for 0.01 Percent of an Avg Year (mm/hr)
L.ocation Observed Davis & McMorrow Huschke
hﬁmif;rg Ga. £9 71(+2) 72(+3)
Bismarck, N, D. 41 38(-3) 35(-6)
Buffalo, N.Y. 48 47(-1) 44(-4)
Columbus, Ohio 36 54(-2) 52(-4)
Dallas, Tex. 73 69(-4) 72(-1)
Memphis, Tenn. 654 65(+1) 70(+15)
| Miami, Fla. 111 109(-2) 102(-9)
| Milwaukec, Wis. 52 54(+2) 51(-1)
% Newark, N.J. 50 58(+8) 54(+4)
(- Root-mean-square departurcs 3.4 6.7

(V)
1




Clde e A 4

—e-— TT o«

—

ey v

- T v wm o e wS m T A s yTATAT W oW Wt W TR T T, T T oS W T ow e e i A M i

for Newark is 105.4 cm (41.5 in.) the Urbana model was used. The rate estimated
fr1 0.01 percent of the year using the Island Beach model is 60 mm/hr.

The root-mean-square departures from the observed values using the Davis
and McMorrow, and Huschke models, given in Table 5, are smaller than for the
models in Table 4. These resulis justify the use of clock-hour data, when avail-
able, to estimate instantaneous rate distributions. When not available, the models

in the next section can be used to estimate clock~-hour distributions.

5.2 Models for Deriving Clock-Hour Distributions

Using clock-hour data for four U.S. sites, Russak and Easley28 found good
linear correlations between a climatological index (CI) and the number of hours
per yeuar that specified hourly rates are exceeded. CI is simply the ratio of the
mean anaual precipitation, in inches, to the mean annual number of rainy days.
They determined that the regression lines of Cl versus the hours per year (“r)
the rate (r) is exceeded comprised a family of lines that could be expressed by

the relationship

Hx' =m(Ci - a) , (Y

where m is the slope of the regression line for rate r, and a is the x-axis inter-
cept of the regression line for rate r. It should be noted that five threshold values
to define a rainy day ave in general international use; trace, 0.1 mm, I mm,

0,01 in., and 0.1 1n.

Russak and Ilasley provide curves of m and a versus precipitation rate, so the
user needs only the mean annual precipitation and number of rainy days at o locu-
tion to usc the model. Bv determining the number of hours per vear of rainfall in
the interval hetween two rates for a sufficient number of intervals, it is possible
to construct a cumulative frequency distribution tor a location. This was done bv
the authors tor Naples, [tulv, and the results compare favorably with the frequency
distribution from actual clock-hourly data. They note, however, that the method
1s not valid in certain climatic regions. For example, erroneous results are likely
in arid locations, areas with strong monsoonal or orographic control, or regions
where convective precipitation is very predominant. The model accuracy probably
suffers because it does not address differences in the threshold rainfall amount

used to define a rainy day.

28. Russak, S. L., and Easley, J.W. (1058) A practical method for estimating
rainfall rate frequencies directly from climatic data, Bull. Am. Meteorol.
Soc. 35(No. 0):1469-472,
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Another model for estimating the annual distribution of clock-hour rates at a
. location was developed by Winner. 29 He used clock-hour data from 123 U.S,
»( stations to develop nomograms that can be used to determine the number of hours
per year that equal or exceed hourly rates of trace, 0.01, 0.02, 0.10, 0.25, 0.50,
1 and 2 in. /hr. One of the input parameters is the ratio of the mean annual pre-
cipitation to the average annual number of days with precipitation =0.01 in.

Another parameter in the model is called a "'moisture index" for which information
E on potential evapotranspiration is needed. The author suggests two sources for
' this data.

. This model was intended to overcome the geographical limitations of the

i Russak and Easley model. However, results compared poorly with independent
| data from the tropics. Therefore, the author decided to develop a different

}! method for the tropics. Using data from 32 stations in the Panama Canal zone,
he obtained best results from a linear correlation of the annual rainfall with the

number of clock-hours at the various rates. The resulting relationships for

: cstimating the mean annual number of clock-hours with precipitation equal to or
}_. greater than 0.25, 0.50, 0.75, and 1. 00 in. for the tropics are provided in

b Figure 8.

g A deficiency in Winner's approach is the threshold value of 0.01 in. for a

rainy day. Although this value is used in the U.S., it is not common in most

i other countries. Another shortcoming is the use of only U.S. and Panama data.

6. OTHER CONSIDERATIONS

Avcuracy of instruments used to record rainfall is affected by the height and

size of the collector, the wind speed, and {reezing conditions. Gauges also have

a

mechanical limitations, espccially at high rates. Grayman and Eagleson30 report
that these result in 5 to 10 percent error in total rainfali catch. Larger errors
] are likely in measurements of instantancous rates derived from standard record-

ing tipping or weighing bu ket gages  This is due to poor resolution of the record-
pping g s £a8 P

ngs doen to 1oming Special observation programs have generally utilized high-

s

¢ apecrd rocorders to minimize crrors in deiermining short-duration rates; however,
! ‘he se amtnare Hmited in quantity and generally available for only short periods
o . . I
L (thot is, 1 to 7 years),
: 2o Vianer, DUCO(1008) Climatologicnl Tostimates of Clock-Hour Rainfais Rutes,
F ) UL Air Foree, NVir Weather Service, Technical Report 202,

Cioswnaan, SVUNL L and Bagleson, PUSD (1079 A Review of the Accuracy of
Sodne s Badngages tor Procipilation Measurement, Hydrodynamices

s aboraiory Roport Noo 11, Dept. of Civil Fngineering, MIT, Cambridge,
{ Mass.
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Figurce 8. Nomogram for Use in Tropical Regions to Determine Mean Annual
Number of Clock-hours Precipitation Equal to or Tiyeeeding Specified Amounts
Given the Mean Anpuas Precipitation (From Winner=’ )
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Year-to-year variations in the distribution of instantaneous rates observed
at a location can be quite large. The models presented in this report represent
the distribution to be expected on average at a point. These may not be adequate
for many design problems for which a low risk is important. Annual variations
are discussed for the U.S. by Dutton and Dougherty, 19 for Canada by Segal, 8 and
for Europe by Dutton et al, 18 and Dougherty and Dutton. 31

7. CONCLUSIONS

When instaritaneous precipitation-rate statistics are needed for a specific
point location, it is best to derive such distributions from actual measurements
made continuously over a period of "many"’ years. Section 2 of this report refers
to sources of such distributions for many locations in North America, (for exam-
ple, Segal, 8 and Bodtmenn and Ruthroffﬁ) and potential sources of data for the
U.S. (NOAA, ! and Bodtmann and Ruthroff") and Europe (Watson'). Distributions
f-om observations taken during special studies for short periods, 1 to 3 years,
for 13 stations worldwide were derived by Jones and Sims” and Sims and Jones. N
For locations where clock~-hour data are available, good estimates of instantancous
rates van be made using models by Davis and McMorrow 14 or Huschke. T Data
for short periods, that is, less than five years, should be used with caution since
they might not give a true indication of the distribution of rates during an average
year.

Where distributions from actual observations are not available, they can be
detcrmined from the five morels discussed in Section 4. They require the input
of ¢limatic data that are available for many observation sites worldwide. The
appropriate model to use depends, in part, on the application and, in part, on the
climatic data available for model input.  The model developed by l.(‘nhm‘d:*' is the
only nne that can be used to estim . le instantancous rates versus frequency on a

monthlv basis for a specific location.  The other four models con be uned to deter-

mine instantaneous rates versus percent of a vear. Two of them presont distribu-
tions that represent all the individual locations within regions. OF these, the
model developed by ('r'&uv'21 is recommended beeause it has o grentor Mmoo
regions with more clearly-defined boundarics than the other o L eveTope:d by

. 24 , L .
Jones and Sims. Fwo models ean be used to estimate the distribution ot instan-
tancous rates for a vear bascd on climatic doto at individasd wocations, however

one is sotunlly a refinement over the othicr. The original snodad, dovciopod by

21, Dougherty, H.T., and Dutton, F..T. (1578) Fsthmating svar-to-ve rvatiabil-
ity of rainfall for microwave applicotions, THITE Trons, Cononimn,
COM-21(No. 8):1321-1524,

a
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Hice and Holmberg, e was modified by Dutton et aih;' b and applied to a large
number of locations in Europe and the U.3. to produce maps ot rate versus per-
cent of a vear. [I'wo models for estimating clock-hour distributions are also
presented, but the use of these estimates with either the Davis and McMorrow,
or Huschke models are not likely to produce better results than the Crane, Dutton-
Dougherty, or Rice-Holmberg models.

I'he precision of distributions of instantaneous rates, whether derived from
actual data or from an empirical model, is limited by instrument error and poor
resolution of recordings down to 1 min. The combination of errors is likely in
excess of 10 percent, Purthermore, the models we have presented estimate
distributions to be expected on average at a point, but year-to-year variations in
instantancous distributions at a location can be quite large. This is discussed in
Section 6 and should be considered in design problems for which a low risk is

important.,
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