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Comparison of millimeter waves attenuation by
formulas of raindrop-size distribution

by Seizo FUKUSHI

This paper described that on the comparison of the radio attenuation of 48 GHz duc to
rain, there is little variation between three, my results of propagation tests, the calculated
results of Laws and Parsons’ distribution, and that of Joss® distribution of drizzle in the light
rain region. When precipitation rate is 1.25 mm/hr, attenuation due to rain of Joss™ distribu-
tion is 1.3 times larger than that of Laws and Parsons’ distribution at 100 GHz.

The volume of reaching ground by Joss' drizzle is 8-16 per cent less than the intensity of
inserted precipitation and amount of liquid water per unit volume of air is 10-20 per cent more
than the intensity of inscrted precipitation but drop-size intervals is 0.125 mm radius.

There are some questions in Joss’ distribution of drizzle when precipitation rate is 50-150
mm/hr, because in my previous measurement of water bluc method, the drizzle was usually
small intensity of rainfall.

When precipitation rate was high, radio attenuation by the 48 GHz propagation test was

slightly larger than theoretical values of Laws and Parsons, and Joss’ distribution.
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n(a)=Nyexp (— A-2a) (6)
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#1
7 E(H No A B
Drizzle 30, 000 5.7 0.21 a : WREYEE (mm)

n, Ny : (m=Smm-1)

Thunderstorm 1,400 3.0 0.21 A, A : (mm~1)

Wide spread 7,000 4.1 0.21
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10°

10°

———- Laws and Parsons
ae--=--2 Joss et al. Drizzle
o—-—a Joss et al. Thunderstorm
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Unit Volumc per Sccond [drops/m?/s,

10!

10°

10"

Number of Raindrops per

10 ¢ !
1.5
Radius of Raindrops [mm]
43 WRTBRESC S 5 WAR RS b o REEA
# 2 WALEARY b ORI & BATZERMATTYS ) 0B KR O T
L-P: Laws and Parsons, J-D: Joss. Drizzle, J-T: Joss. Thunderstorm.
R TR Ry [mm?®/m?/s] ZefiaKE [mmé/mi/s]
[mm /hr} L-P j-D J-T L-P j-D J-T
0.25 69.44 58.13 62.51 22.31 27.72 16.89
1.25 347.2 308.6 313.2 85.34 107.4 65.43
2.5 694.4 626.9 619.0 152.2 192.4 117.1
12.5 3472 3177 2907 604.7 744.6 451.5
25 6944 6327 5567 1102 1333 806.0
50 13888 12513 10445 2061 2386 1425
100 27777 24543 19122 3911 4271 2487
150 41666 36263 26844 5730 6003 3412




Attenuation [dB/Km]

100

150zm/hr, - -

K p /—/ - e—— Laws—DParsons
/ﬂ)l—. * a-----aJoss. Drizzle
. 7 s—-—sJoss. Thunderstorm
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Yrequency [GHz]
R4 WS 0 X % REE T

23 L-P Hicsdds J-D, J-T Giiomstiiol

I 48 GHz 100 GHz

[mm/hx] J-D/L-P J-T/L-P J-D/L-P J-T /1P
0.25 0.67 0.94 1.13 0.76
1.25 0.92 0.85 1.29 0.73
2.5 0.84 0.85 1.36 0.71
12.5 1.02 . 0.72 1.50 0.66
25 1.09 0.66 1.54 0.67
50 111 .0.60 152 0.59
100 1.15 0.55 1.46 0.53
150 1.19 0.54 1.39 0.49
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CHREINTHELEIN TN D, L L, TRENOWMM EN O GTRE ORI % 558
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IZIRBNS D TLEIEN D,
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ATT (48 GHz)=gR? [db/km]
L S a b

4| o 9% 0.346 0.990
52 &£ @ 52 0.398 0.996
L-r & A 0.395 0.922
NS LT S T} 0.324 1.004
T & % 0.349 0.831

< e BETHE D (B4)o LichioT, 50 GHz # oMM & % ME KRR
O e E, BRELERELEEHLIVEND T ETiV,
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Oy 10dB L7ch, 150mm/hr ¢id 18dB kg D RELILH T ENG Do L
L, 1L.25mm/hr G2 L 5 2 & G hTWE R, EFOFE T 0.8dB (30%)
S I BTH B, Tio 50-150mm/hr ORFHTO [FHI LI LEHD 5DnE
5B B Do

7. L 3 U
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