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An analysis of issue related to rain attenuation for radar signals
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[ ABSTRACT ]

In the proposed paper, we analyzed the attenuation by atmospheric factors in the frequency bands for Radar.
Radio frequencies using radar systems is susceptible to attenuation by atmospheric factors. The proposed paper
analyze the attenuation by atmospheric factors in L, S, C and X bands. Among the attenuation of signals by
atmospheric factors, the attenuation by water vapor and oxygen, which is atmospheric attenuation compared to the
detection range, is minimal. The attenuation by rainfall is at least 0.06dB in the L band and 20.2dB in the X band.
Finally, the attenuation by atmospheric factors is at least 0.416dB in the L band and 22.8dB in the X band. In
conclusion, it is judged that the attenuation of atmospheric and rainfall is minimal in the L, S, and C bands, and
that the influence of attenuation is large in the X band.
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Table 2. Free Space Loss of Two-Way Radar
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C g 280.1 287.1 292.1 296.0

X o 289.0 296.0 301.0 304.9
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Table 5. Atmospheric Attenuation
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Table 6. Atmospheric Attenuation of Detection Range
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C g« 0.640 0.960 1.28 1.60
X g 1.04 1.56 2.08 2.60
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p%) | AN | FAY | KA | QA
1.0 0.1 1.7 2.0 24
0.1 2 8 12 72
0.01 8 28 42 115

AWF | gt AlE P74 FE W [mm/hr]
=

p%) | Mg o 2| @R
1.0 6.37 6.25 6.46 6.22
0.1 33.58 28.65 29.91 30.97
0.01 95.09 81.98 86.95 82.66
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Table 8. Coefficients for estimating specific attenuation'®

Zps a, bt

i ay ay by by
L o9 | 0.000154 | 0.000138 0.912 0.880
S o9 | 0.00065 | 0.00059 1.121 1.075
C el | 0.00175 | 0.00155 1.308 1.265
X o9 | 0.0101 0.00887 1.276 1.264
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Table 9. Polarization Attenuation of Average Rainfall

AP+ | ITU K 71F

Foa | Coe | mg e ge |8 BT 44w
A9 e | W i | [4B/km] | [dB/km]
1.0 2 0.0003 | 0.0002
Lo | 01 12 0.0014 | 0.0012
0.01 ) 0.004 0.003
1.0 2 0.0014 | 0.0012
so | 01 12 0.010 0.008
0.01 42 0.04 0.03
10 2 0.004 0.003
coa [ 01 12 0.04 0.003
0.01 ) 0.23 0.17
1.0 2 0.024 0.021
X e [ 01 12 0.24 0.20
0.01 42 1.19 0.99

EPY AP | TTA Mg 71E

o0 Mo} | Al Ho}
T o v T v
A | WE B =

o D% W [mrn/hr] [dB/km] | [dB/km]
1.0 6.37 0.0008 0.0007
L o 0.1 33.58 0.0038 0.0030
0.01 95.09 0.01 0.007
1.0 6.37 0.0051 0.0043
S dd 0.1 33.58 0.033 0.025
0.01 95.09 0.1 0.07
1.0 6.37 0.019 0.016
C 4 0.1 33.58 0.17 0.13
0.01 95.09 0.67 0.49
1.0 6.37 0.1 0.09
X o4 0.1 33.58 0.89 0.75
0.01 95.09 3.37 2.81
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Table 11. Atmospheric Attenuation of Detection Range

da’ /| ITU 71E BAI7R) RO THE B9 P4 A [dB]
A]f;i R:40km | R : 60km | R : 80km |R : 100km

1.0| 0.006 0.007 0.008 0.008

EHLOE] 0.1| 0.031 0.034 0.036 0.037

001 0.070 0.075 0.077 0.079

1.0 0.033 0.037 0.039 0.041

qfoﬂ 0.1 0225 0.247 0.260 0.268

001 0.648 0.692 0.716 0.731

1.0 0.103 0.114 0.121 0.125

qcoa 0.1| 0.966 1.061 1.115 1.151

o0l 3513 3.749 3.880 3.962

1.0 | 0.583 0.647 0.685 0.710

qx(ﬁ 0.1| 5152 5.656 5.948 6.137

0.0t 17.99 19.20 19.86 20.29
T TTA 7|& ©A|72] RO @2 3¢ 42| A, [dB]
A]{‘:ﬂ;i R : 40km | R : 60km | R : 80km |R : 100km

1.0| 0018 0.020 0.022 0.022

EHLOE] 0.1 0063 0.068 0.070 0.072

10.01|  0.074 0.077 0.078 0.079

1.0 0.117 0.130 0.137 0.142

EHSOE] 0.1| 0558 0.600 0.623 0.638

0.0t 0815 0.842 0.856 0.865

1.0 | 0.448 0.495 0.523 0.541

EHCOE] 0.1 2901 3.118 3.240 3.317

001 5.148 5.316 5.405 5.459

1.0 2.441 2.696 2.845 2.943

EHXOE] 0.1| 14.9 16.08 16.71 17.11

10.01|  25.68 26.52 26.96 27.23
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A2 R Y] Fma-d
T Az 7243 A, [dB]
> R :40km | R : 60km | R : 80km |R : 100km
L g 0.416 ~ 0.624 ~ 0.832 ~ 1.04 ~
o 0.476 0.714 0.952 1.19
S ol 0.552 ~ 0.828 ~ 1.01 ~ 1.38 ~
- 0.982 1.468 1.87 2.45
C oo 0.64 ~ 0.96 ~ 1.28 ~ 1.60 ~
2.55 3.83 5.11 6.39
X jed 1.04 ~ 1.56 ~ 2.08 ~ 2.60 ~
9.15 13.66 18.31 22.8

AR 7] EA1A50] Rec. ITU-R P. 676, P. 837, P. 838
2 P. 530014 Algshe AlEd =2 tolHZ &7 QQld
o2 Fukped Zh QIARY] JEdS BAISH Zut 2llo]oofA

AHRElE ZF FuppdE AlS s 2|4 0.416 ~ 22.8dB O]
dol A5 427 WAshs Aoz THEn 5], X oY o]
Aol A 5As EX|AZo A= AlS 7Ha7) 8.11 ~ 20.2dB
o] Zfo7p W 4 Q1SS AU o] Foff b Of
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Table 12. Total Attenuation of Detection Range

A2 R tijv] ARR3tdAl U 257], Ak,
ﬁj 7o0] olat Als 744 L, [dB]
o R : 40km | R : 60km | R : 80km |R : 100km
261.416 | 268.624 | 273.832 277.04
L o ~ ~ ~ ~
261.476 | 268.714 | 273.952 277.99
273.552 | 280.928 | 286.110 | 290.380
S o4 ~ ~ ~ ~
273.982 | 281.568 | 286.970 | 291.450
280.74 288.06 293.38 297.60
C e ~ ~ ~ ~
282.65 290.93 297.21 302.39
290.04 297.56 303.08 307.50
X o ~ ~ ~ ~
298.15 309.66 319.31 327.70
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