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Fig. 1. (color online) Microwave attenuation of dry
air(1013 hPa).
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Fig. 2. (color online) Microwave attenuation of dry air
(15 °C).

0.30
0.3 0.25
£
o 0.2 0.20
N
; 1
Z o1 015
fird

0.10

0.05

B3 (BT ) AN R AR 2 K O s 3 Ik (i JEE
15 °C./A /% 1013 hPa)

Fig. 3. (color online) Microwave attenuation of dif-
ferent relative humidity and water vapor (15 °C,
1013 hPa).
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Fig. 4. (color online) Microwave attenuation of water
vapor (15 °C, relative humidity 80%).
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Fig. 5. (color online) microwave attenuation of water

vapor (1013 hPa, water vapor of density 3.8 g/m3).
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Fig. 6. Microwave attenuation of the atmosphere
(1013 hPa, 15 °C).
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at 15 GHz.
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Table 3. a in power-law relationship for different temperature and frequency.

$i% /GHz 5°C 10 °C 15 °C 20 °C 25 °C 30 °C
15 0.0765 0.0795 0.0825 0.0851 0.0872 0.0887
16 0.0896 0.0934 0.0973 0.1009 0.1041 0.1066
17 0.1035 0.1081 0.1129 0.1175 0.1216 0.1252
18 0.1184 0.1236 0.1292 0.1346 0.1398 0.1443
19 0.1343 0.1401 0.1462 0.1525 0.1584 0.1639
20 0.1513 0.1574 0.1641 0.1710 0.1777 0.1839
R4 AFEHRET BN FRERK R b RE
Table 4. b in power-law relationship for different temperature and frequency.
Hi# /GHz 5°C 10 °C 15 °C 20 °C 25 °C 30 °C
15 1.111 1.111 1.111 1.111 1.113 1.115
16 1.104 1.102 1.100 1.098 1.098 1.098
17 1.098 1.094 1.091 1.088 1.086 1.085
18 1.093 1.088 1.083 1.079 1.076 1.073
19 1.088 1.083 1.077 1.072 1.068 1.064
20 1.084 1.078 1.071 1.066 1.061 1.056
%5 ITUHKIM a, b 5
Table 5. a and b in ITU model.
i /GHz 15 16 17 18 19 20
a 0.0448 0.0528 0.0615 0.0708 0.0808 0.0916
b 1.1233 1.1086 1.0949 1.0818 1.0691 1.0568
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Fig. 8. Inversion result of microwave link (2013.07.05).
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Table 6. Comparison of inversion result by microwave link.
TR R S N N .
—— e HXRH #ax} i % /mm HIxH 2 /%
T B B[] OTT & E SN E/mm
MR /mm TV A3 ITU Ax ITU AX ITU A3
R A R A G EiE I vt it R
2013.7.5 10:41—11:40 2.5463 4.9130 2.4612  0.4663 0.4663 2.3667 —0.0851 92.9449 3.3415
2013.7.5 13:38—14:37 1.0722 1.8747 0.9542 0.6473 0.6473 0.8026 —0.1180 74.8543 11.0067
2013.7.5 17:01—18:00 1.0252 1.8961 0.9425 0.8161 0.8161 0.8709 —0.0827 84.9474 8.0623
2013.7.6 07:37—08:36 2.8118 4.7575 2.4610 0.5732 0.5732 1.9457 —0.3508 69.1972 12.4777
2013.7.6 11:30—12:29 3.9257 6.7178 3.3773 0.8307 0.8307 2.7922 —0.5483 71.1270 13.9673
2013.7.6 12:32—13:31 1.8214 4.3214 2.1762 0.9647 0.9647 2.5000 0.3548 137.2602 19.4800
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Research on the method and experiment of path rainfall
intensity inversion using a microwave link”

Gao Tai-Chang? Song Kun! Liu Xi-Chuan"’ Yin Min? Liu Lei” Jiang Shi-Tai?

1) (College of Meteorology and Oceanography, PLA University of Science and Technology, Nanjing 211101, China)
2) (Unit No. 93721 of PLA, Shuozhou 038301, China)

( Received 26 January 2015; revised manuscript received 24 March 2015 )

Abstract

Accurate measurement of rainfall with high spatial and temporal resolution have important significance in mete-
orology, hydrology, agriculture, environment, flood warning and weather forecasting, etc. Based on the rain-induced
power-law attenuation, an inversion method of the path rainfall intensity is proposed by using a microwave link. Starting
from the atmospheric gas absorption attenuation model, a correction model of rainfall effective attenuation and a rainfall
inversion model for line-of-sight microwave links are proposed, based on the microwave rain attenuation characteristics
and raindrop size distribution statistics. A line-of-sight microwave link is designed and used to measure the rainfall,
and the path average rain rate is inversed by means of rainfall inversion model, which is compared with a disdrometer.
Results show that the correlation coefficient of rain rate inversed by microwave link with that of disdrometer is higher
than 0.6 mostly, and the maximum value is 0.9647; the error of the accumulated rain amount is less than 0.5 mm, and
the minimum value is 0.0827 mm; the relative error of the accumulated rain amount is less than 15%, the minimum

value is 3.3415%. Experiments confirm the feasibility and accuracy of rainfall inversion obtained using a microwave link.

Keywords: rain-induced microwave attenuation measurements, microwave link, inversion of rain rate
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