CHAPTER I |
CHARACTERI STICS OF RAIN AND RAI N SYSTEMS

2.1 | NTRCDUCTI ON

The attenuating and depolarizing effects of the troposphere, and
the statistical nature of these effects, are chiefly determ ned by
both the macroscopic and mcroscopic characteristics of rain
systens.  The macroscopic characteristics include itens such as the
size, distribution and novenents of rain cells, the height of
nelting layers and the presence of ice crystals. The m croscopic
characteristics include the size distribution, density and
oblateness of both rain drops and ice crystals. The combined effect
of the characteristics on both scales leads to the cunulative
di stribution of attenuation and depol arization versus tinme, the
duration of fades and depol ari zation periods, and the specific
attenuation/ depol ari zation versus frequency. In this chapter, we
di scuss how the characteristics are described and neasured, and how
the m croscopic and nmacroscopi c aspects are statistically related to
each other. W also describe how one najor propagation effect,
specific attenuation, can be estimated. This information will serve
as background for the rain and attenuation nodels of the next
chapter.
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2.2 TYPES AND SPATI AL DI STRIBUTIONS OF RAIN

2.2.1 Stratiform Rain

In the mdlatitude regions, stratiformrainfall is the type of
rain which typically shows stratified horizontal extents of hundreds
of kiloneters, durations exceeding one hour and rain rates less than
about 25 mmh (1 inch/h). This rain type usually occurs during the
spring and fall nonths and results, because of the cooler
tenperatures, in vertical heights of 4 to 6 km  For conmunications
applications, these stratiformrains represent a rain rate which
occurs for a sufficiently long period that the link margin may be
required to exceed the attenuation associated with a one-inch per
hour (25 mmh) rain rate. As shown below, this is nuch easier to do
at frequencies below the 22 GHz water absorption line, than for
frequenci es above the H20 |ine.

2.2.2 Convective Rain

Convective rains arise because of vertical atnospheric notions
resulting in vertical transport and mixing. The convective flow
occurs in a cell whose horizontal extent is usually severa
kilonmeters. The cell usually extends to heights greater than the
average freezing layer at a given location because of the convective
upwelling. The cell nmay be isolated or enbedded in a thunderstorm
regi on associated with a passing weather front. Because of the
notion of the front and the sliding notion of the cell along the
front, the high rain rate duration is usually only several m nutes.
These rains are the nost common source of high rain rates in the
U S. and Canada.

2.2.3 Cyclonic Storm

Tropi cal cyclonic stornms (hurricanes) often pass over the
eastern seaboard during the August-Cctober time period. These

circular storns are typically 50 to 200 kmin diameter, nove at 10-
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20 kilometers per hour, extend to nelting layer heights up to 8 km
and have high (greater than 25 mmh) rain rates.

2.2.4 Long-Term Distributions

“The stratiformand cyclonic rain types cover |arge geograph. C
| ocations and so the spatial distribution of total rainfall from one
of these storms is expected to be uniform Likewise the rain rate
averaged over several hours is expected to be rather simlar for
ground sites located up to tens of kilometers apart.

Convective storms, however, are localized and tend to give rise
to spatially nonuniform distributions of rainfall and rain rate for
a given storm S.C. Bloch, et al (1978) at EASCON 78, denonstrated
an inmage-enhanced weather radar display which clearly showed the
decay and redevel opment of a convective cell while passing over
Tanpa Bay. Cearly the total rainfall and rain rate varies
significantly over the scale of 10 kmfor this region. The effect
is attributed to the presence of the |arge water mass and the heat-
i sland associated with Tanpa.

Over nmore uniformterrain, Huff and Shipp (1969) have observed
precipitation correlation coefficients of 0.95 over 5 mle extents
for thunderstorms and rainshowers in Illinois. The correlation was
al so higher along the path of stormnotion conpared to perpendi cul ar
to the path, as would be expected. This correlation is conputed for
the period of the stormand is not the instantaneous spati al
correlation coefficient required to estimte the effectiveness of
ground station site diversity.

Goldhirsh (1983) evaluated five years of rain gauge neasurenents
at Wallops Island, VA, and devel oped cunmulative rain-rate
distributions for yearly and conbined average time periods. Year to
year deviations in the neasured rain rates, relative to the five
year average, varied between 12 and 20 percent in the percentage
interval between .01 and 1.0. The results also showed that the four

year and five year averages fit a log nornal distribution al nost
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exactly down to 0.01 percent of the time, corresponding to rain
rates up to about 50 mmh. For larger rain rates, the distribution
deviates fromthe [og normal functional representation.

2.2.5 Short-Term Horizontal D stributions

Radars operating at nonattenuating frequencies have been
utilized to study both the horizontal and vertical spatia
components of convective rain systens. A typical horizontal
distribution (actually observed at 1.4 degrees elevation angle) is
shown in Figure 2.2-1 for a thunder shower in New England (Crane and
Blood - 1979). Here rain rate variations of 100:1 are observed over
ranges of 10 km for a shower containing four intense cells. Simlar
measur enents have been nmade by Goldhirsh (1976), at WAl | ops Island,
VA. Goldhirsh (1976) has al so observed that the rain cells are
el ongat ed al ong the northeast-southwest direction (the direction of
nmotion) . This direction also correlated well with the average or
median wind directions. The inpact of this result is that the
fadi ng was maxi num and the space diversity gain a mninmumin the
nort heast - sout hwest direction. (Space diversity is described in
detail in Chapter VII).

2.2.6 Short-Term Vertical Distributions

The calibrated radars are also ideal for neasurenent of the
vertical profile of rain events. The nedian reflectivity profiles
for a group of rain cells nmeasured fromthe ground as a function of
rain rate is presented in Figure 2.2-2 (Goldhirsh and Katz - 1979).
The nunbers in parentheses are the nunber of cells neasured and the
abscissa is the reflectivity factor based on the relation
z=200R1-® mmé/m3. These experinental results clearly denonstrate
that the rain rate is uniformup to 4 kmaltitude and then decreases
dramatically at altitudes in the 6 to 8 kmrange. This decrease is
al so associated with the OC isotherm height. Note how the nedian
i sot herm hei ght increases with the updraft, convective, high rain
rate cells. This effect will be used later in a dobal Rain

Prediction Mbdel along wth the seasonal dependence of the nedian
I sot herm hei ght.
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Above this isotherm the hydrometers exist in the formof ice
crystals and snow. These forms of hydroneters do not contribute
significantly to the attenuation, but they can give rise to
depol ari zation effects.

2.3 SPECI FI C RAIN ATTENUATI ON

2.3.1 Scattering

Rain drops both absorb and scatter mcrowave energy along an
earth-space path. From the basic Rayleigh scattering criteria (the
dimensions of the scatterer are nuch snaller than the wavel ength)
and the fact that the nedian rain drop dianeter is approxinmately 1.5
mm one would expect that Rayleigh scattering theory should be
applied in the frequency (wavel ength) range from 10 GHz (3cm) to 100
GHz (3mm). However, Rayleigh scattering also requires that the
i magi nary conponent of the refractive index be small, which is not
the case for water drops (Kerker - 1969). Because of this effect
and the wide distribution of rain drop diameters, the Rayleigh
scattering theory appears to apply only up to 3 GHz (Rogers - 1978).
Above 3 GHz Me scattering applies and is the primary technique
utilized for specific rain attenuation (attenuation per unit length,
dB/km) calculations. Me scattering accounts for the deficiencies
of Rayleigh scattering and has proven to be the nost accurate
t echni que.

2.3.2 Drop Size D stributions

Several investigators have studied the distribution of rain drop
sizes as a function of rain rate and type of stormactivity. The
three nost commonly used distributions are

Laws and Parsons (LP)
Mar shal | - Pal mer (MP)

Joss-thunderstorm (J-T) and drizzle (J-D)
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I n general the Laws and Parsons distribution (Laws and Parsons
1943) is favored for design purposes because it has been wdely
tested by conparison to nmeasurenents for both wi despread (lower rain
rates) and convective rain (higher rain rates). In the higher rain
rate regi me (>25 mm/hr) and at frequencies above 10 Ghz, the LP
val ues give higher specific rain attenuations (Olsen, et al - 1978)
than the J-T val ues (Joss, et al - 1968). I't has been observed
that the raindrop tenperature is nost accurately nodeled by the OC
data rather than 20°C, since for nobst high elevation angle earth-
space links the raindrops are cooler at high altitudes and warm as
they fall to earth.

An exanpl e of the neasured nunber distribution of raindrops with
drop dianeter as a function of rain rate R(mmh) is given in Figure
2.3-1. Here the neasurenents of Laws and Parsons (1943) and
Marshal | and Pal mer (1948) are fitted by an exponential relation of
the form

Np = Npe-AD cm-4 (2.3-1)

wher e

No 0.08 cm-4

and
A = 41 r0.21¢p"2

Note that the units in the equations and Figure 2.3-1 are different.
Multiply the Np obtained fromthe above fornula by 105 to convert to
the units of Figure 2.3-1. The nunber of raindrops with dianmeters
between D and D+ & in a volune V (cm3) at rain rate Ris

Nr = Np (8D)V (2.3-2)

As shown in Figure 2.3-1, the neasured data deviates from the
exponential relation for diameters below 1.5 nm  However, the
| arger drops tend to dom nate the specific attenuation at the higher
rain rates of nost concern for the system engineer, and so this
deviation tends not to be reflected in the integral over drop
dianeters utilized in specific attenuation calculations.
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Joss, et al (1968) have found significant variations of Np and A
for different types of rainfall based on one year’'s measurenents at
Locarno, Switzerland. These results are presented in Table 2.3-1;
however, the climatic regions where the Joss statistics apply have
not been determned. Therefore, it appears best to utilize the Laws
and Parsons results, realizing that in certain areas of the U S. and
Canada they have not been verified.

Table 2.3-1. Values of Np,AVersus Rain
Event as Determ ned by Joss, et al (1968)

Rai nf al | No A
Type (cm-4) (cm-1)
drizzle 0.3 57R-0.21
w despr ead 0.07 41R-0.21
t hunder st orm 0.014 30R-0.21

2.3.3 Measurenent Techni ques for Drop Size Distributions

Experi menters have enployed a wi de variety of techniques to
measure raindrop size distributions in situ. These include: (1)
optical systens requiring imaging or scattering light from
raindrops, (2) replicating techniques where a pernanent record of
each drop size is made such as the flour nethod (Laws and Parsons -
1943), dyed filter paper (Marshall and Pal mer - 1948), sugar coated
nylon or foil inpactors, (3) capacitive techniques due to changing
dielectric constant, and (4) inpact types of sensors (Row and -
1976)

Today the inpact-type of sensor (called a disdroneter after drop
distribution nmeter), is the favored technique. The Applied physics
Laboratory has devel oped two styles of disdroneter with decided
advant ages over the commercially available Distromet Ltd unit.

These three types have been described by Rowl and (1976) and their
calibration has been conpared. A typical experimental result for
two di sdroneters nmeasuring the same rain event on 9 March 1975, is
shown in Figure 2.3-2. Note that the data for the APL passive
plexiglas sensor which utilizes a piezoelectric crystal to “hear”
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the inpact of raindrops may be invalid belowa 1 mmih rain rate
because of noise in the preanplifier. Normally, this data would
more clearly follow the Distronet active styrofoam sensor data.

2.3.4 Estimates of the Specific Attenuation

The scattering properties of raindrops and the dropsize
distributions are inputs for the calculation of the attenuation per
kil ometer (specific attenuation) of a uniformrain at rain rate R

It has been enpirically observed (Ryde and Ryde - 1945, Kerr -
1951) that the specific attenuation a (dB/km is related to the rain
rate R (mmh) by a relation

o = a(f)RP(F) (2.3-3)
where the coefficients a and b are functions of frequency.

O sen, et al (1978) have nade extensive cal culations of the a
and b coefficients. These calculations extend from1 to 1000 Gz
and have been presented in both tabular and graphical format for
several raindrop distributions and tenperatures. For the U S. and
Canada the O C nunbers are nost applicable (Rogers - 1978). Table
2.3-2 (Osen, et al 1978) is given below for selected frequencies of
i nterest. The LP_and LPy refer to Laws and Parsons drop size
distributions associated with rain rates Rfrom1.27 to 50.8 nmh
and 25.4 to 152.4 mm h, respectively. Osen, et al (1978) have also
provi ded anal ytic approximations for a(f) and b(f) which are quite
adequate for systens engineering applications. These are

a(f)4.21 x 1075(£)2-42 2.95f<54 G
(2.3-4)
“4.09 x 1072(f)0-699 54 < f< 180 GHz
and
b(f) = 1.41 (£)70:0779 8.5< f< 25 GHz
(2.3-5)
- 2.63 (£)70-272 25 < f <164 GHz
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Table 2.3-2.

Regression Calculations for a and b in a=aRb (dB/ km

as Functions of Frequency and Dropsize Distribution, Rain
Tenperature = 0°C
FREQ. a b
(6Hz) ] L, w 3T J-D LP, LP, NP J-T J-D
10| 1.17x104 | 1.14x10- | 1,36X10-° | 1.69x107 | 1.14X10-° | 1.178 | 1.189 | 1.150 | 1.076 | 0. %8
11 |1.50x072 | 1.52x10° | 1.73x10-2 | 2.12x102 | L.41x10* | 1170 | 1.167 | 1.143 | 1.065 | 0.977
12 | 1.86X10-° | 1.96x10° | 2.15x10° | 2.62x10° | 1.72x10° | 1.162 | 1.150 | 1.136 | 1.052 | 0.985
15 |3.21x10° | 3.47X10-° | 3.68x10° | 4.66x10° | 2.82x10° | 1.142 | 1.119 | 1.118 | 1.010 | 1.003
19.04 |5.59X10-" | 6.24x10” | 6.42x10" | 8.68X10-* | 4.76x10° | 1.123 | 1.091 | 1.001 | 0.957 | 1.017
9.3 [ 5.77X10-* | 6.46x10” | 6.62x10” | 8.99x10° | 4.90X10-2 | 1.122 | 1.089 | 1.100 | 0.954 | 1.018
20 |6.26x2072 | 7.00X10-* | 7.19%10-2 | 9.83x1072 | 5.30k10* | 1.119 | 1.083 | 1.097 | 0.946 | 1.020
25 0. 105 0.132 0.121 0.173 8.61X10-" | 1.094 | 1.029 | 1.074 | 0.884 | 1.033
%8, 56 0.144 0.196 0. 166 0.243 0.115 1.071 | 0.983 | 1.052 | 0.839 | 1.041
30 0.162 0. 226 0. 186 0.274 0.128 1,061 | 0.964 | 1.043 | 0.823 | 1.044
34.8 0.229 0. 340 0. 264 0. 368 0.177 1.023 | 0.909 | 1.008 | 0.784 | 1.053
35 0.232 0. 345 0.268 0.372 0.180 1.022 | 0.907 | 1.007 | 0.783 | 1.053
40 0.313 0. 467 0. 362 0.451 0.241 0.981 | 0.864 | 0.972 | 0.760 | 1.058
50 0.489 0. 669 0.579 0.629 0.387 0.907 | 0.815 | 0.905 | 0.709 | 1.053
60 0. 658 0.796 0.801 0.804 0. 558 0.850 | 0.794 | 0.851 | 0.682 | 1.035
70 0.801 0. 869 1.00 0.833 0.740 0.809 | 0.784 | 0.812 | 0.661 | 1.009
80 0.924 0.913 119 0.809 0.922 0.778° 1 0.780 | 0.781 | 0.674 | o.980
90 1.02 0,945 1.35 0. 857 1.10 0.756 | 0.776 < 0.153 | 0.663 | 0.953
100 1.08 0. 966 1,48 0. 961 1.26 0.742 | 0.774 | 0.730 | 0.637 | 0.928
Note:

Values for 19.04, 19.3, 28.56 and 34.8 GHz obtainedfrom D. V. Rogers, Comsat Lab., Clarksburg, MO
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wheref is in GHz. Thus for 20 Gz

a = a(f)Rb(f) db/km (2.3-6)

-000779
4'21 X 10'5(20)2.42R1.41(20)

dB/km

= 0.059 R = 2.19 dB/km @ R = 25.4 mm/hr.

The value in Table 2.3-2 for this frequency is 0.0626 gri.119 = 2. 34
dB/km @ R = 25.4 mm/hr, an error of 6%

The specific attenuations for several of the common earth-space
bands are shown in Figure 2.3-3 for rain rates fromO0.1 to 10
inches/h (2.54 to 254 mm/h), cal cul ated using the approximate
equations given. The 85 and 94 Giz curves overlap the 50 Gz data
because of inaccuracies in the approximtions. Mre accurate results
are obtained frominterpolation of Table 2.3-2. The CCIR (1986) has
recently published tables of coefficients for specific attenuation
t hat show the dependence of specific attenuation on wave
pol ari zation. These coefficients are given in Table 2.3-3. The H
and V subscripts refer to horizontal and vertical polarization,
respectively.

An earlier calculation of the specific attenuation coefficients
by Crane (1966) nay be conpared to the results |listed above. Crane
enpl oyed the Laws and Parsons (1943) nunber density nodel to obtain
the arb power law relation coefficients. The results of these
earlier calculations are given in Chapter 3.

2.4 RAI NFALL DATA

The largest long-term sources of rainfall data in the U S. and
Canada are their respective weather services. The data collected by
t hese agencies is an excellent starting data base for rain rate
estimation. However, in situ measurenents are still the nost
accurate, but quite expensive technique for acquiring rain rate
statistics.
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Table 2.3-3. Specific Attenuation Coefficients* (CCIR-1986)

ey | o . .

1 0. 0000387 0. 0000352 “0.912 0. 880

, 2 0. 000154 0. 000138 0. 963 0.923
3 0. 000650 0. 000591 1.121 1.075

6 0. 00175 0. 00155 1. 308 1.265

7 0. 00301 0. 00265 1.332 1.312

8 0. 00454 0. 00395 1. 327 1.310
10 0. 0101 0. 00887 1.276 1.264
12 0.0188 0.0168 1.21.7 1.200
15 0. 0367 0. 0347 1.154 1.128
20 0. 0751 0. 0691 1.099 1. 065
25 0.124 0.113 1.061 1.030
30 0. 187 0. 167 1.021 1.000
35 0. 263 0. 233 0.979 0. 963
40 0. 350 0. 310 0.939 0.929
45 0. 442 0. 393 0. 903 0. 897
50 0. 536 0.479 0.873 0. 868
60 0.707 0. 642 0. 826 0. 824
70 0. 851 0.784 0.793 0.793
80 0.975 0. 906 0.769 0. 769
90 1.06 0. 999 9. 753 0.754
100 1.12 1.06 0. 743 0.744
120 1.18 1.13 0.731 0.732
150 1.31 1.27 0.710 0.711
200 1. 45 1.42 0. 689 0. 690
300 1. 36 1.35 0. 688 0. 689
400 1.32 1.31 0. 683 0. 684

* Values for a and b at other frequencies can be obtained by inter-
polation using a logarithmc scale for a and frequency and a
linear scale for b.
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2.4.1 U.S. Sources

2.4.1.1 Published Data. In the U S., the National Wather
Service’'s National Climatic Center* prepares and maintains extensive
preci pitation records obtained from Wather Service Ofices and over
12,000 observers and agencies. This rain data is available in

several docunments available from the National Cimtic Center.
Several of the key publications of interest to the earth-space path
engi neer are:

Hourly Precipitation Data (HPD)
15 mnute rain rate resolution
published nmonthly by state
District of Colunbia included in the Virginia HPD
avai |l abl e about 6 nonths foll owi ng date of recording
$1.95 per copy
$25. 40 per year

.Climatological Data (CD)

- 1 hour rain rate resolution

-published nonthly by state(s)

- District of Colunbia included in the Maryland and
Del aware CD

-Washi ngton National Airport WSO included in the
Virginia CD

- available about 3 months follow ng date of recording

-$1.50 per copy

-$19.50 per year

Climatological Data ~ National Summary, Annual Sunmary

- one 5 mnute rain rate resolution event per nonth

- avail able about 18 nonths followi ng |ast date of
recordi ng

-$1.50 per copy

*National Climatic Data Center, Federal Building, Asheville, Nurth
Carolina 28801, phone (704) 259-0682
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.Local climatological Data (LCD)
- hourly rain rate resolution
- published nonthly by |ocation
- avail able about 4 nonths follow ng date of recording
-$0. 65 per copy, $8.45 per year
- annual issue also published for each location, $0.65

Storm Dat a

-published nonthly for the U S.

- describes type of storm and extent of damage.
-$1. 05 per copy, $12.60 per year

The | ocal Climatological Data is available for the 287 stations
shown in Table 2.4-1; however, the Hourly Precipitation Data is
avail able for many nore stations.

Exanpl es of the precipitation-related data available in each of
t hese publications are given in Figures 2.4-1 to 24-4. Conparing
the results for either the Baltinore Weather Station O fice (WSO) at
the Airport (AP) or the Beltsville results, one observes that
precipitation data up to 15-mnute resolution is available in the
HPD's, while the nmonthly CD lists only the total precipitation per
day (see Figure 2.4-2). In the Annual Summary of the National CD
(see Figure 2.4-3) the total precipitation, snowfall (all frozen
preci pitation except hailstones) and the amount and date(s) of the
hi ghest precipitation accurmulation during the year for periods of 5
to 180 mnutes are given. Unfortunately it only includes one 5
m nute event per nonth, only the highest will be indicated in the
data, Additional techniques to retrieve nore data will be described
bel ow.

The Local Climatological Data (LCD) provides the rainfall by
hour at each of the 287 stations shown in Table 2.4-1. An exanple
for Asheville, NC, is shown in Figure 2.4-4. In this publication
the type of weather is provided so that one can ascertain if the
rainfall is froma thunderstorm or a general w de-coverage weat her
system  The water equivalent of the snow is shown in the hourly

2-17



Tabl e 2.4-1.

NATI ONAL ENVI RONMENTAL SATELLI TE

Logi cal

Climatological Data Stations

U. S. DEPARTMENTOF COMMVERCE
NATI ONAL OCEANI C AND ATMOSPHERI C ADM NI STRATI ON

DATA AND | NFORMATI ON SERVI CE

(Stations for which Local Climatological Data are issued, as of January 1, 1982)

ALABAMA

sbc e IRUINGWAW AIRPORY
BIRMINGHAM CITY OFFICE
abc HUNTSVIL LE

s MOBILE

8 MONTGOMEAY
ALASKA

¢ ANCHORAGE
< ANNETYE

¢ GARROW

ab¢ BARYER ISLAND
avc BETHEIL

abc BETYLES

avc BIGDELTA

”c COLDBAY

abc  FAIRBANKS
¢ GULKANA

s HOMER

. JUNEAU

st KING SALMON
¢ KODIAK

¢ ROTZEBUE

W MGRATH

b NOME

< ST PAUL ISLAND
¢ TALKEECTNA
< UNALAKLEEY
W VALDEZ

e VARUTAY
ARJZONA

abc FLAGSTAFF
abc  PHOENIX
o TUCSON

8 WINSLOW
8 YUMA

ARKANSAS

0 FO#(SMIYN
cLITTLE ROCK
No LITVLE @ m!!

CALIFORNIA

wo iIKRWIi o

avc o 15HOP

abc BLUE CANYON
EURERA

e FRESNO

abc LONG BEACH

abc LOS ANGELE ¢ ARRORT

3 LOS ANGELES C/VIC CENTER

¢ MT SHASTA

abc RED BLUF F

#b< SACRAUEN1O

ab¢ $AN DIEGO

obc SAN FAANCISCO AIRPORT
SAN FAANCISCO COITY

abc SANTA MARIA

* STOCKTON

COLONADO

. ALAMOSA

a6¢ COLORADO SPRINGS
abc DENVER

abc GRAND JUNCTION
e PUEBLO W)
CONNECTICUT

#b¢  BRIOGEPORY
e HARTFORD

DELAWARL
ax WI LMINC1OM
OISTRICT 05 COLUMBIA

B0 WASHINGTON NATIONAL AP
¢ WASHINGTON - DULLES INT'L AP

4 Wonthly surryvery rmumd.

FLORIDA

#bC APALACH ICOLA
< DAYTONA BEACH
sbc FORT MYERS

30 JA CKIONVI LLE

< ORLANDO

abc PENSACOLA

#bc  TALLAMASSEE

W< TAMPA

abc WEST PALM BEACH

GEORGIA

ATMENS
ATLANTA
AUGUSTA
COLUMBUS
MACON
SAVANNAH

1333321

< HI LO

.  HONOLULU
e RAHULUI
e LIMUE

1DAHO

o BOISE
e LEWISTON
s POCATELLO

WLINOIS

&« CAIRO

¢ CHICAGO O'HARE AIRFORT
¢ MOLINE

sx PEORIA

ac ROC KFORD

e SPRINGFIELD

HNDIANA

sbc EVANSY (LLE
abc FORT wAYNE
abc  INDIANAPOLIS
ax SOUTH BEND

owA

ax OES MOINES
ax DUBUQUE (2)
¢ SIOUX CITY
e WATER LOO

¢ CONCORODIA
sbx DODGE CHTY
ax GOOOLAND
e TOPE KA
200 Wi CHITA

KENTUCKY

¢ JACKSON
¢ LEXINGTON
e LOUISVILLE
LOUISIANA

b BATON m offic
¢ LAKE CHARL E3
¢ NEW ORLEANS
¢ SHAEVE POATY
MAINE

b CARIBOU
s PORT LAND

MARYLAND

soc BALTIMOAE

BOSTON
BLUE HILL 0BS
WORCESTER

El

AL PENA
Of TROIT CITY AIRPORT
OETROIT METAD AP
FLINY
GRAND RAP! DS
HOUGHYON LAKE
LANSING
MARQUETTE
MUSKEGON
W< SAULY STE MARI £

$323 31

.
4

- 4

MINNESOTA

at DULUTH

S0C INTEAN AT (ONAL FALLS
b MINNEAPOL 15 - ST PAUL
s ROCHESTER

ac ST CLOUD

MISSi55 (PP

o W JACKSON
b ME RIDIAN

MISSOURI

W COLUMBIA

SDCMANSAS COT" INT'L AP

3 KANSAS CiTY DOWNTOWN AP
s ST JOSEPH N

wc 5T LOUIS

#01 SPRINGFIELD

< BILLINGS

< GLASGOW

< GREAT FALLS
abc  HAVRE

¢ HELENA

abc KALISPELL
ax MILES CITY
< MISSOULA

NEBRASKA

< GRAND ISLAND

aBc LINCOLN

< NORFOLK

S0¢ NORTH PLATTE

abc  OMAHA

« OMAKA (NORTH)

o WSCOTVSBLUFF
VALENTINE

NEVADA

¢ ELMO
L

H

Ly

LAS VEGAS
abc RENO
v Wi NNEMUCCA

NEW HAMPSHIRE

¢ CONCORD
MT WASHINGTON

NEW JERSEY
abc ATLANTIC CITY AIRPORY
8¢ ATLANTIC CITY STATE MARINA

sbc NEWARK
®  TRENTON (8

NEW MEXICO

ac ALBUGUE RQUE
20c CL AYTON
ax ROSWE LL

b Monthiy summary mnciude availadls I hourly_obusrva1ony

NEW YORK

ac ALBANY

b BINGHAMTON

< B UFFALO

abc NEW YORK CENTRAAL PARK

m N v F KENNEDY INT'L Al RSORT
NY UGUARDIA FIELD

nx ROCHESTER

abc SYR ACUSE

NORTH CAROLINA

¢ ASHEWVIL LE

abc CAPE H ATTERAS
abc CHARLOTT E

abc GR €€ NSBORO

o wRALEIGH

e Wi LMINGTON

NORTH DANOTA

0o BISMARCK
w  FARGO
X WALLISTON

o0
AKRONCANTIN
CINCINNAT) ABBE OBS

CINCINNAY(I AIRPORT
CLEVELAND

RERRRARN
b4
3
2

PENNEYLVANIA

o ALLFNTOWN
B AVOCA WILKES BARRE SCRANTON AP
. ERIE

¢ RARRISBURG
s PULADELPHA

ax PITYSBURGH AIRPORT
SO0 WALLIANERORT

SOUTY CAROLINA

o CHARLESTON AIRPORT
3 CHARLESTONCITY

A
X GREENVILLE SPARTANBURG

. Al Sunvreny aessd

SUBSCRIPTION: Priceand  ordering  information gvsilable through; Nationsl Climatic Center, F sders! Buliding
Asheville, North Ceroline 28801, ATTN: Publicetions.

(1} NWS Operstions Terminated 1, 1981, Py ions D inued
(2) NWS Operations Terminated S 41431 Publiceti f" inued
{3) NWS Operstions Terminated 981. i imsed
{4) NWS Operstions Termineted Januery 1, 1982 ?ubhuuom Dneonnm»d
{5) NWS Operstions Terminsted D 1, 1981.

2-18

SOUTH DArOTA
ABE ROEEN (1)
HURON

L3
L

ax RARDCITY
. SOUNXFALLS

qOREEERR
]
H

H

RRRRR RRRRNRERRRERY
$

wx GREENBAY
0 LACROSSE
a0 MADISON
0 MULWAUKEE

WYOMING

ax CASER
o OEVENND
W LANDER
e PERIDAN



HOURLY PRECIPITAT 10N ooy
WOURLY WROUNTS _ A e
S$TATION w m . M.HOUR ENDING P. n. KDUR ENDING
- — .
& f2]afe]s s 2 Je]oiofu]i lJﬂi cisiefrie o 10 ufiz]om
NTMLY P Jm RMDUNT
WOURS | i . 2 I G 12 | ¢
- ACCURULATION
NINUTES 1s 30 I 4% S0 120 180
LY NEAD SPPROPR (A1
TR
PALTINORT N3O [ LI T} B
[} TR TR 0 o0 .0 | .0e B
[] 0! W01
9 LI 1) o0
H " o | 01 o8 o2 0.0 01 «| .0 .0 o o
ol o o B o K »f K of o O <04 o
NG A T A I I LS N I 1) .08 ] R TEST TR I
W oir et | o8 0 0| .00 .07 »
70 o8 00 .| w1 02 .01 01 ar
nlamo.n 0 9s x| .0¢ 08 .0 D
2 o0 0| o 92 0| .0 .18
» 0t 04 o -1
H 0 il
B E) -~ 1.89 1.8 1N
1079008 197041004 107111004 18712/008 19711008
BT IRORE w30 CI N1
01 .00 9 .0 .04 0] 0 .0 n
0 K1l
o .08
(1] (1]
0 0| .95 .. 01 01 0] .03 01 ¢ [ 00 .08 9 K
[T IS Y Tt LB I IS 1 BN e 01 01 K] TR T
9 Os 8| 8t &t 0| .02 & B
o008 002 02 8| 072 .02 .02 -n
01 .ab.di| .04 .08 0 40
ei .01 .0, | .01 a2
0?7 .t o4 on
18 B} 1.1 11 1.9
19791004 18210100 18/11 1008 1971 490% 19710008
MLIBYILL [ KU o .2
4 “ B .1
1] o B
" ? - Bl - -
H I r afs ) R N I
1 . . o ¥ »! » o . il . B .1 o . . . .
Monthly i a i ) 3
Max, Amounts i a o . ! v
m " «1 .t
¥ 4 . %) 1 -2
Resolution:
[ o Bl 1.3 1. 3. a9
1 hour » oarg/ting o ‘
W0 180 19721000 18701008, 18781004 107101008 187121008 1612400
npun N * o Bl 1.0 1.¢
16 mminute DATE/TIN O y
018G 19780484 19/ 71004 19700188 1970308, 19701508« 10791300
SLIIVILLE o (AxTRTAS [1 I T} k4
[ [ TR TOR T I TR 0 .0, 0] -0 .01 )
L1 01 .8 04
9 08 B .01
3 a1 .0 0 07 0] .0 01 & [ .0 .0 0 ol e
] 21 B
w0 o IS TR TS T O TR} 0.8 0 ETIES ) e 11 | M
19] 02 .02 .¢ 0 .02 B3] 01 .01 ot ¥ 34
20] 01 <01 0% +02 ot LT 1) 02 .01 .01 24
2 0 o1 02 .0 | 0 »
w0 0 .0 10
») B 01 ot A1 O L] a0
M .0 *1 o M .88 392
BAtL/VINE o
tactng 1079:008 197800 1851008 187101004 187111008 10711400
CATOCTIN MOUNTAIN PARY : o a o 1 :
18 a 1 1 11 Kt
I8 . 2 ]
19] <t .1 ELINE 2 Y Y B I B 1 ? 1 1 -
1 g 1 ol ol t B
20| o1 k] 1 o
1 N ! " ' .
I ' '
.2 3 . 7 [ [
10710007+ 20734000 19712100 18104004 187131008+ 18710000

Figure 2.4-1. An Exanple of the Hourly Precipitation Data (HPD)
I ssued Monthly by State



MONTHLY SUMMARIZED STATION AND DIVISIONAL DATR PARTLAND M0 B4 duant

PRI
— TEMPERATU] . PRECI? [ATION
- T . o parg . ALY n.rv "
st lan 1 ED ! i I [
I ;[l’l;,= B ik il ; {RUHE
A AR S TIHE i dading £ | 1 i L sl b |ME
AR TL A0
Lowtr SOUTREAN 03 L
LA PLATA Y . s0.3 | Moo wene] - auef oo v ] v2|ree]| 23] of of 2] o] 2.va] - 32| .eofre al e o|sfe
RECHWAND EBVILLE 1 BE oe.s | 421 | e of| 1 | )16 | 208] ol 0] b} 0] 3.a4 N al e i|eje
ONINCS PERRY \ ADIND Y| MW | 8. - 3.7 o4l 1 ] 1|9 9| 0jof2]0]| 2.08| -1.10 40 2s ] L] IR L]
PATYXE NT RIVER 0.8 | 4.0 | 840 o) 1| M2e | N2 0| 0j Oj O] 2.84 1.u .0 [] a2y
LT ) Sa.at| as.c | sa.o| - voa| o3fnr | soj2e<| 297 0] O] 6| 0| 3.4 29 .0 ]
se2| -1 ta - to K
_ DRAILY PRECIPITATION R
3 DRY OF MONTH
STRTION |=
E ] I? l! CJSJS ? 104[9 O]IIIIZ IJINJIS slnvlw 1%}20]?1 ??]?3 24 5]26]27 20]29]30
T, A
PR )
St o n“lll o o » ol S e v v - on
BN e |1 SN FEL L
et e R Rt - -
[y v - 1.0 A ) I ) BT
AT IO, MO TV § 1.9 K. [ K L2 1) Y .00 v
WROLH MG, 0008 3 Wwa ] ) - - B

Figure 2.4-2. An Exanple of the climatological Data I|ssued
Monthly by State

2-20



1Z-2¢

ANNUAL CLIMATOLOGICAL DATA

METRI C

UNITS

[verages m(-vl-- g ‘E' === Snow ¢ m ‘T,m Suarise o suase? w‘mh—-
aaad W |l (TRl T T
R I IR AEEH I HE BH L R
s < | c|ec]c 3 . 5 - -l - NS Rt o ) 1 {
Va ten o | er| aralsecnl 2 -1gece W hoen | o] o] o] e | se wee™ se e [ssfae | vs] raa] mlae [ ™ | 0 ae e e 2 os| e » nrl m{
NORMAIS, MEANS AND EXTREMES
Tamcervnee €1 Normat Preciphetion (Mmewrs) .:':" Wind Speed gi Arvst Meer Meombes of Gora
i ormat (1941-1970) n_.:‘;" w) Snow ® m.rn :’ 33 — Temparsars
L3 — oy (1941-1970)] (19411970 e Torst |5 Laomanryl sty | soume 7] Swam haad wn
Stves end Swwtion § - 3G E T
: . i Sledelded o | JE0 | 18] BaRe il
Ladlad lod ] 2 [slnlmn) 810 sl 2 (a3 |1 fe oA 5 o EURHEH L EHEEIBE
ut:;::::m;-u a of 3.4 -2.4 10.4 194 12.4 :: ;f:ﬂ»;‘:‘:‘l saq 2627 1c1 71 1024 aed g ::: 124] Say o4y Lln 4.4 ,'.L"'L‘L’L”L"JL"’L"‘ 4,4 4 "LCJ .

MAYIMIN SHORT DURATION PRECIPITATION

e s @

o e 1
—

% in

infnisis

[ 1
i
L
i
i
3

n BRI ] w] 8] 8] 8] W] R] e
. o sod vond 1039 s 170d 170 177 101

1y ool 1508 10 G 104 199 1o
- W o] o] ] o -'ee
- P 1ad 100l 1934 bvad 1014 rerq 20y reud
""' P Y “M B! ;:1 o -"
- i i I i
Tim 1514 150 1724 17ned 199 10 10re voud]
oo o] of cod codu]iodiod 0
e 0] ia] o] is] is]'is]ia] ie
b rord tord 100 190 193 vore 10anf sordd rendd sieal
L Jre et T e RVt Y SN I REPL BLRL IR
v @] el wl w] Gl nle v i
tren i»e yord 1Sood 1909 1one] 1504 2030 1ol 1ol 210t viewt niid | v
- e M.g::ngl.:q 1
~ar Fa ik
e NEN Y ood ciif ched srad ared ored ored orna

o r! o G

et ] - a1 38 a0 # &1 S o
- g ered 0794 snid rdf oref ored sard et

K2
i
vinw | 1o rond
pr

~

v

Figure 2.4-3.

B RO R
EEEE a4 AnExampleof the

Annual Summary of

voan | 0 9% o4
o) aal o

L’:-".‘ '1 :!1 ;31 ‘;5‘! o ‘;!1 F

Figure 2.4-3. An Exanple of the

Annual

Climatological Data

Summary of Climatological Data



NORTH CAROL INR

ASHEVILLE.

Figure

4 LOCAL CLIMATOLOGICAL DRTR A Lrinte Scai Ceore
({/ U.S. OLPARTWENT OF COMMERCE ATt e

NATIONAL DCEMMIC AND ATROSPHERIC RDNINISTARTION
ENYIRONAENTAL DATA SERYICE

wrror 38 28 n \oncituat 82° 33w CLEsaTion 10M0vags 2140 #T.  BISabard 1inf UMD Tean HeAn 9033812
. warve jild o erie
TempeRRTURE  CF - ooany ¥ necIsirative "» wIND et tarnt
ot o oCCvertact Lo, 4] TR T
(214 ' 170 .y o
2038 49° 2o v ha i Mhandl IS H = He |12
i g H o 0e M Ladindl B 5 [ Ll L
H AR R w fdly e £ | 2 Egzslis
4 ] . sl & Ienteen " ¥ sleel ¥ [ L1 XA
g| i H Blegl 5| F [l | H R RN R
L] ] " 0, [ ] L ] 10 1] | 6] 17 10 Jio] 20) 31|22
1 .1 ° ol 2 . ° ° ° s.af s0fa0 | «e3]sa] o | s |
2 -1 o s| a3 ° v 0 s.efrol s Jaal ] a) 3|2
3 ] 3 0| 3 [] [} [ . 13] 10 BUBIEI ERE]
. 1 o w| 2 [ ] 0 [} ? | » [ 1} . s |4
s ] [] 0] ¥ [ ] .2 [ L] ") 3 38| M 7 T |
. -4 ° 8] 3 [ ¢ 8 [} L ? 0| 10 w0 |s
? -4 0 0 s ° M ° .. E o] | o] o[
L4 -7 © al * . ° L4 0 .. 1 o8] 13| 9 a|.
L] -3 ° . a L] ° L ° a i sy o |
-7 4 2l @ o 04 0 4 o1 o| 10 10 |0
° 0 LI} [] [ ° v 4 4 |1
° © LIR] » [ ] v [ ] .. 3 2 |2
[] o o 2 . ° © [3 . 2| 2|
-1 ° * 3 [ ] o .03 [} 3 [] LB
3 [] [ 3] » [ [ <10 ° 4 1 3 s |1
3 0 1| 2 . ° B ° [} sl & 1s
3 [] ] n L] [ ] 93 [} L] L] 7 |
2 ° ul ] ° M ° ’ . 7 |1
® [} 8l 13 [} [} 0 ° L] r ? |19
1 0 o 2 [ [ -0 [ . Q s |20
2 [ .’ 2 [ ] 0 [ .70 0 3 3|3
3 L] 10| a [ ] 0 9 -] 3.3 3f s |22
N o TR L3 [ v ° a.e|s nl 3] s |0
» |8 ° 53 n ] [] + 73 [ 1.31 3 a3 o 4|24
4|8 0 1] 2 [] [] [ 4.0 [ ] I
3 [ o] 0 0] 2 [} [ o [ s.11 s [+d B s (3¢
s | o8 ° TIRR) ° .50 ° 2.¢| 90 " 20s] 8] » »”
) [ o 0 ? 2 o .43 [ 2.1| 8.2 " el ] © 8|20
0] e 0 sl 2 ] ° o 0 4.4] a0 ” wy sof o |20
-1 . 0 s 2 [} [ ] [} 2.3 3.8 9| 21 a0l sof] < LRk
Q.1 8% e ] _!...ILH._H & |-
—— (1Y iU 1 1 | M
——— 0 ] ; e (11
¥ N io. [ Tl [T X
Ty
s Tratm ] ot & sube
1w
. e ;
B B 0 £ el -3p U Y LI Y T¥ 70T T
nOURLY PRECIPITATION 1) @ goulyA Ent in [n(ml3!
[ g ) ar - T
AT | If Y | IO XTI C /] ?& 17 0 I 14
) | )
2 ’ 1 2
3 3
L L]
[ v 02| .02 v i}y * [ ] [3
(] LRI Y I 1 A ] .33 s*| O8] # v .
’ v v ?
[
. 1,
A 1 .01] .01 L A o1]e v ]
"
v 12
)
v A [} "
01 .08 v "
1 "
1 ” 1] v Al 13
v 10
1 ] v \ .0 1.
0% 20
2
2
« 3
.43} .30 24
I3
t el
' .02f sl vv ] .02 wlaly
e O8] .0 26
e
0
s 4 b s e we = LIRS s 'Y BY WOURS
- ot (POl [ L Y 51 bun Vou 0
@ HAPLOAIYR] $0 WiLATIE] BIPMIIgag Pope 6. N . oes e
Losaem 8100 gy :\.\ 0L [11] s
TSR N L RY o 18l L]
SEIOICI0 SERIBI 1V 00 178 AILE 98 \EDS. L L 22 T
why o LR YR NI TN P T3 g
L U IEe) an enval 108 S 1Y Ve TN H
_ [
3]
tee o IR JAEIILY oy| o] 24
run Al W et|oma OCEAaIL o 4]
o* M O*INESIRATION. M0 Y [
151 1 ', "
LCTI T 3
viw ' aa 1
prag croe. *?, - it matiCCEarEe UILCAA - NOAR - ASWLYILLE an

"wivn

2.4-4. An Exanple of the Local Climatological Data for
Ash- -ille,

2-22



precipitation data. Note that the sane information is available on
the Hourly Precipitation Data records but that the type of rainfal
event is not noted in the latter.

Finally the National Cimatic Center prepares a Storm Sunmary on
a nonthly basis. This information is of little value to system
engi neers since it enphasizes the damage done by the storm rather
than the neteorol ogical paraneters of the storm  For exanple, the
most severe rain event in Asheville, NC in 19750ccurred on August
24; however, this event is not indicated in the Storm Summary
because it apparently caused no significant damage.

2.4.1.2 Rain Gauges. If nmore information is desired regarding
higher rain rates associated with thunderstorns it can be obtained
for most first-order Weather Service Ofice (defined as those
offices manned by \Weather Service personnel) sites. These sites
general ly have both tipping bucket and universal weighing gauge
precipitation nmonitors. The tipping bucket gauges generally
accunul ate the number of 0.01 inch precipitation events in a day
which is utilized to collaborate with the accunmulation in the other
gauges. However, sone tipping bucket gauges enploy a readout strip
chart (triple register chart of operations recorder register)
simlar to that shown in Figure 2.4-5. By estimating the tinme
between tips the rain rate may be estimated. The location of those
stations having triple register charts was not available from the
National Cimatic Center.

The universal weighing gauge is also capable of providing rain
rate information and is the main instrument utilized to provide the
5-minute to 1 hour precipitation data. This neasurenent is
acconplished by reading directly fromthe 24-hour strip chart on the
gauge. An exanple of one of these strip charts is shown in Figure
2.4-6. These charts are avail able dating back about 10 years from
the National Cimatic Center for 25 cents per chart. By measuring
the slope of the line, the rain rate to at |least 5 mnute resolution
may be obtained and even |-ninute rain rates may be inferred from
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somecharts. It appears that these charts are the best source of
information for a short duration rate data.

The last automated rain gauge utilized by the U S Wather
Service is the Fischer-Porter gauge. This unit is a weighing gauge
whi ch punches a paper strip chart in a binary “coded decinal (BCD)
format every 15 mnutes. The gauge may be set to record every 5
mnutes, but that resolution is generally not utilized by the
Weat her Service. The gauge records to only the nearest 0.1 inch

2.4.1.3 Estimating Rain Rate From Gauge Records. An exanple of how
intense rain rates may be estimated is now given. The dates of the
highest rain rate events are found in the CD, Annual Summary. Note
that from Figure 2.4-3 the nost intense rain rates (0.38 inches in 5
mnutes) at the Asheville, NC, WSO occurred on August 24, ending at
1658 Eastern Standard Time. This occurred during a thunderstorm
(see Figure 2.4-4) but it was not the nost rain in a 24-hour period,
whi ch occurred on August 17. The ampunt of precipitation between
1500 and 1700 EST on August 17 is noted in the LCD in Figure 2.4-4.
This process is utilized to determne the list of dates for the high
rain rate events. Copies of the rain gauge charts for these dates
are then obtained from National Cinmatic Center. For the August 24
event, the nost accurate data appears directly on the gauge readout
shown in Figure 2.4-6. By estimating the slope of the cunulative
data, the rain rate just before 4 PM was nore than 4.56 inch/hr (116
mm/hr) for the first several mnutes. Interpolation yields a rate
approaching 150 mm/hr for 2 mnutes. Another exanple of a cloud
burst is shown in Figure 2.4-7. Herein rain rates approaching 300
m hr (12 inches/hr) occurred at 8 PM and contributed to the airline
crash at this airport at that tine. Cearly the attenuation at a
ground station would be significant for this severe 2 mnute event
(0.00038% of a year).

Bodt mann and Ruthroff (1974) have denonstrated a techni que of
estimating rain rate distributions directly fromthese rain gauge
charts with |-minute resolution. Since conputing derivatives from
these charts is notoriously inaccurate, considerable processing is
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necessary to get accurate results, especially at high rain rates.
Figure 2.4-8is an exanple of a Dallas, TX rain event cunul ative and
rain rate (l-nminute integration) distribution. Cearly the nethod

is powerful and readily adaptable to field neasurenents nade using a
commerci al wei ghi ng gauge.

2.4.2 Canadi an_Sources

The Atnospheric Environment O fice* prepares several docunents
containing rain and snow precipitation data. These docunents** are

Monthly Record - Western Canada - Part 1

- Provinces of British Colunbia, Alberta, Saskatchewan and
Mani t oba

- $23.40 foreign per year

- $ 2.40 foreign per issue

Monthly Record - Northern Canada - Part 2
- Territories of Yukon and Nort hwest
-$14.90 foreign per year

- S 1.50 foreign per issue

Monthly Record - Eastern Canada - Part 3

- Provinces of Ontario, Quebec, Nova Scotia and New Brunsw ck
- $23.40 foreign per year

- $ 2.40 foreign per issue

.Canadi an Wat her Revi ew

- published nonthly
- covers about 250 surface stations throughout Canada
-$8.40 f orei gn per year

- $.85 foreign per issue
- avail able about one nonth followng the date of recording

* Head O fice, 4905 Dufferin Street, bDownsview, Ontario MBH sT4,
Canada

** Available f rom:  supply and Services Canada, Publishing centre,
Hul |, Quebec, KDA 0S9, Canada. Make checks payable to Receiver
CGeneral for Canada. Canadi ans shoul d request donestic price
schedul e.
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The data in the Monthly Records (avail abl e about four nonths
follow ng recording) is'of nost inportance to the earth space path
engineer. As shown in Figure 2.4-9, the rainfall, snowfall and total
precipitation are given for each day of the nonth. The Mnthly
Summary table indicates the nunber of thunderstorms, etc., and the
recording rain gauge data for selected cities is given. These are
the maxi mum anmounts for the duration periods indicated on the date
of occurrence. In addition, the nunber of hourly periods with
rainfall accumul ati ons between 0.01-0.09, 0.1-0.19, etc., inches is
noted. These data are obtained from tipping bucket rain gauges
measuring in increments of 0.01 inches.

The tipping bucket rain gauge data is available for nany nore
Canadi an locations. The charts from these gauges are avail able upon
request fromthe climatological Recordi ng Services Branch of the
Head Office in Downsview, Ontario, at a nom nal charge.

2.4.3 Wrl dw de Sources

Many countries prepare neteorological data simlar to the U S.
and Canada. Many of these are on file at the National Wather
Service Library, Room 816, G anmax Bldg., 13th Street, Silver Spring
MD. One docunent, the Mnthly Cimatic Data for the Wirld, does
l'ist the nunber of days per nonth a station receives nore than 1 nm
of rain and the total rainfall per nonth. The data is coarse and
can only provide a general indication of the precipitation clinate.
An exanple is shown in Figure 2.4-10. This document was discon-
tinued wwth the Decenber 1980 issue, but back issues are avail abl e
for $4.20 per nonthly copy fromthe National Cinmatic Center

2.5 ESTIMATION OF RAIN RATE

The rain rate measurenment is an inexact process because of the
discrete nature of rainfall. CObviously, because rain falls as
raindrops, the rain rate is conputed by neasuring the rain
accunul ation per given” a- -a for a known period of time at a point.
The shortest period of t.me reported by the U S. and Canadi an
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Figure 2.4-10. An. Exanple of the Monthly Cimatic Data for .
the Wrld

2-30



Weat her Services is five mnutes. Assuming the rain rate is uniform
for that period of time, the conputed point rain rate and the

“i nstantaneous” point rain rate are equal. However, the question
arises as to how the apparent rain rate varies as the integration
(conputing) time is varied. This effect has been addressed
experimentally by experinenters at the Bell Tel ephone Laboratories

At Holmdel, NJ, neasurenents (Bodtmann and Ruthroff-1974) of the
apparent rain rate versus the gauge integration period over a 2-year
period have yielded the results in Figure 2.5-1. These results
extend from 1.5 seconds to 2 mnutes and are normalized to a one-
mnute integration time. Unfortunately, the measurenment do not
extend to a 5-mnute integration time which would be veryconveni ent
for conparison of the Lin nodel with other rain nodels which enpl oy
a one-nmnute integration period (see Chapter 3). The variation
between a 2-mnute and a 5-minute integration time is expected to be
significant for high rain rates. However, Figure 2.5-1 clearly
shows that for rain rates below 50 mih the error due to the
integration time is small. This effect arises because the low rain
rate events tend to be spatially and tenporally uniform while the
rain rates between 50 and 120 mm h are dom nated by spatially and
tenporal Iy nonuniform convective rains.

Only the nost severe cells create rain rates above 120 nm h and
these are highly variable. Therefore, a significant peak rain rate
two or three tines as high as the one-m nute average can occur for
one second during the one-minute period. As an exanple, a typical
rain rate versus time profile conparing the one-mnute and ten-
second integration tinmes is shown in Figure 2.5-2 (Bodtmann and
Ruthroff-1974) .

The inpact of varying integration tines can be significant for
both the neasurenent of cunulative rain rate statistics (related to
curmul ative attenuation statistics) and rain rate duration
measurenents (related to attenuation fade duration). Lin (1978) has
experimental ly determned the effect of the integration time on
curmul ative statistics. The results for Palnetto, GA are shown in
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Figure 2.5-3. Cearly the difference between a |-mnute and 30-
second integration time is significant. Simlar results for rain
rate duration statistics are not avail able.
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