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Abstract: In recent years, the new technology of using commercial microwave links to measure pre- 16 

cipitation has received more and more attention. Accurate rainfall observation data with high tem- 17 

poral and spatial resolution is essential for national disaster prevention and mitigation and climate 18 

response decisions. This paper introduces a field experiment of using an E-band millimeter wave 19 

link to obtain rain rate information in Nanjing area. The link is 3km long and operates at 71 GHz 20 

and 81 GHz. The post-processing of experimental data is crucial for accurate rainfall rate estimation. 21 

The difficulty in determining the attenuation baseline value is that the attenuation baseline is not 22 

constant over time. We first distinguish between the rainfall and the sunny periods, and then deter- 23 

mine the classification threshold to determine the attenuation baseline in real time. We use the 24 

raindrop size distribution to calculate the rainfall rate and rainfall-induced attenuation, estimate 25 

and correct the influence of the wet antenna attenuation, and finally calculate the rainfall rate 26 

through the power law relationship between the rainfall rate and the rainfall-induced attenuation. 27 

The experimental results show that the correlation coefficient of the rainfall rate obtained from the 28 

inversion of the attenuation value of the E-band link in the 71 GHz band is about 0.90, and the mean 29 

square error is about 0.11 mm/h. It is about 0.91 in the 81 GHz band, and the mean square error is 30 

about 0.15 mm/h. By comparing with the rainfall rate measured by the laser raindrop spectrometer 31 

set up at the experimental site, we verified the reliability and accuracy of monitoring rainfall using 32 

the E-band millimeter wave link. 33 

Keywords: electromagnetic wave propagation; E-band millimeter waves; rainfall induced attenua- 34 

tion; rainfall observation 35 

 36 

1. Introduction 37 

Precipitation plays an important role in our lives and is the source of life. It is an 38 

extremely important and active factor in the natural and social environment. The uneven 39 

distribution of precipitation in space and the instability of time change are the direct 40 
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causes of floods and droughts. Therefore, accurate real-time monitoring of precipitation 41 

is essential [1]. 42 

Traditional rain gauges do not have high spatial resolution due to the uneven distri- 43 

bution of the influences of complex terrain and dense buildings [2]. However, weather 44 

radars are easily affected by ground echoes at low elevation angles, and their measure- 45 

ment results are limited [3]. Studies have shown that millimeter waves are affected by 46 

many factors such as scattering, reflection, and atmospheric absorption in the process of 47 

space propagation. Among them, the influence of rainfall is the most obvious. The atten- 48 

uation of the millimeter wave signal becomes greater with increasing frequencies [4-6]. 49 

Based on this feature, meteorological experts have proposed a method of using commu- 50 

nication links to monitor rainfall and retrieve rainfall rate [7]. 51 

At present, many countries have carried out research on using the rain-induced at- 52 

tenuation characteristics of microwave links to retrieve precipitation, mainly in the fre- 53 

quency range of 15-40 GHz [8-11]. For example, in Israel, Messer et al. studied the estima- 54 

tion of rainfall rate by commercial microwave links, and analyzed various error sources 55 

that affect the estimation accuracy, including signal changes caused by antenna wetting 56 

and the uncertainty of the attenuation baseline [11-12]. Chwala et al. used the attenuation 57 

data of commercial microwave links in the high mountains of southern Germany, and 58 

used a method of detecting dry and wet periods through spectral time series analysis to 59 

estimate the near-surface rainfall rate [13]. In South Africa, Ahuna et al. evaluated the 60 

rainfall rate measurement of 10 locations in South Africa with a 5-minute integration time 61 

to obtain its cumulative distribution [14]. These studies have all contributed to the estima- 62 

tion of rainfall rate using microwave links, but they are all based on data collected from 63 

low-frequency links. With the rapid development of fifth-generation wireless communi- 64 

cation technology (5G), more spectrum and wider bandwidth are required. However, the 65 

global bandwidth shortage has prompted the exploration of the underutilized millimeter- 66 

wave frequency band. Millimeter-wave has become one of the core technologies of 5G, 67 

and research on E-band link has gradually attracted attention recently [15-17]. Al-Samman 68 

et al. used a 1.8 km 73.5 GHz E-band link to analyze the rainfall rate and rainfall attenua- 69 

tion in tropical areas [18]. Luini et al. used two 325 m long links in the E-band (73 GHz 70 

and 83 GHz) to collect power data, identify rainfall events and eliminate wet antenna ef- 71 

fects, and provide a higher-precision prediction model [19]. Their experiment also evalu- 72 

ated the accuracy of the statistical prediction model for terrestrial links currently recom- 73 

mended by the ITU-R in predicting rainfall induced attenuation along short-distance and 74 

high-frequency links in 5G networks. 75 

In general, most of the published experimental studies are based on low-frequency 76 

link measurement data, and some are based on E-band link data collected in a few regions. 77 

However, there is not much research on rainfall rate retrieval based on E-band millimeter- 78 

wave links in China. Research experiments are needed to provide a highly accurate rain 79 

rate inversion model suitable for China. This article introduces an experiment for rainfall 80 

monitoring using data collected from an E-band millimeter wave link built in Nanjing, 81 

China. The structure is as follows. Section 2 introduces the system equipment used to 82 

build the E-band millimeter wave link, the auxiliary equipment for collecting rainfall data, 83 

and the propagation characteristics of the link. Section 3 introduces the method of pro- 84 

cessing the experimental data collected by the link, including wet-dry classification and 85 

real-time attenuation baseline calculation. Section 4 introduces the estimation method of 86 

the wet antenna effect, and finally obtains the attenuation value caused by rainfall to re- 87 

trieve the rainfall rate. Section 5 presents the analysis and discussion of experimental re- 88 

sults. Section 6 gives the conclusion. 89 

2. Experimental equipment and link propagation characteristics  90 
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Figure 1(a) shows the E-band radio transceiver that we used. This device works in 91 

the frequency range of 71-76/81-86 GHz, adaptive modulation, and can directly configure 92 

local and remote devices through the network graphical user interface. Figure 1(b) shows 93 

the CLIMA laser precipitation monitor (also called raindrop spectrometer). The time res- 94 

olution of the data recorded by this instrument is 1 minute, which is very suitable for 95 

measuring and detecting different types of precipitation, such as drizzle, rainfall, hail, 96 

snow, and mixed precipitation. The observed particles are divided into 22 diameter cate- 97 

gories and 20 velocity categories. We can use this information to calculate the rainfall rate 98 

and the attenuation caused by rainfall. 99 
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Figure 1. (a) E-band radio transceiver; (b) CLIMA laser precipitation monitor. 100 

On a rainy day, the transmitted wireless signal is attenuated by raindrops due to 101 

scattering and absorption, which causes the signal level at the receiver to attenuate, so we 102 

can estimate the rainfall rate on the path. Figure 2 shows the E-band millimeter wave sig- 103 

nal transmission structure. 104 
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Figure 2. E-band millimeter-wave signal transmission structure. 106 

The received power RP (dB) can be expressed as: 107 

OLALPLGGPP RTTR   (1) 
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where RP (dB) is the transmitted signal power, TG (dBi), RG (dBi) are the antenna gains of 108 

the transmitter and receiver, PL (dB) is the propagation path loss, AL (dB) is the atmos- 109 

pheric loss(5), and OL (dB) for other losses. PLcan be expressed by the following formula 110 

[20]: 111 

      mdddnfdfPL cc 1,/10log1010log204.32, 0    (2) 

where cf (GHz) is the carrier frequency, d is the distance between the transmitter and the 112 

receiver, the reference distance 0d is 1m, and n is the path loss index.  is a zero-mean 113 

Gaussian random variable with standard deviation, and the unit is dB. 114 

The attenuation model of AL is as follows: 115 

povr AAAAAL   (3) 

Atmospheric loss mainly includes the attenuation effects of dry air (including oxygen), 116 

humidity, fog, and rainfall. rA (dB) is the attenuation caused by rainfall, vA (dB) is the at- 117 

tenuation caused by water vapor, oA (dB) is the attenuation caused by dry air, and pA (dB) 118 

is the attenuation caused by non-rainfall, such as fog, rain, and snow. 119 

Attenuation caused by rainfall rA and equivalent path-averaged rainfall rate R 120 

(mm/h) have a power-law relationship. We can calculate the attenuation caused by rainfall 121 

through the simple formula provided in ITU-R P.838-3 [21]. The model is as follows: 122 

lkRlA RITU
r

RITU
r

    (4) 

In the formula, RITU
r

 is the rainfall induced attenuation, l is the link length, which is 3 km 123 

in this experiment, and k and are the frequency compliance coefficients, which are re- 124 

lated to the millimeter-wave operating frequency, rainfall temperature, polarization 125 

mode, and raindrop size distribution. In [21], the power-law coefficient corresponding to 126 

the 71 GHz link is [1.0409, 0.7193], and the power-law coefficient corresponding to the 81 127 

GHz link is [1.1793, 0.7004]. Assuming that the rainfall rate is constant along this path, if 128 

we obtain the attenuation caused by rainfall, we can also calculate the rainfall rate based 129 

on this model. Next, we will introduce the steps and methods for obtaining the attenua- 130 

tion caused by rainfall from the link data. 131 

3. Data processing 132 

3.1. Preprocessing 133 

We built an E-band millimeter wave link in Nanjing area and collected the received 134 

power data from December 2019 to March 2020, sampling every 1 minute with a resolu- 135 

tion of 0.1 dB. First, the level signal received by the millimeter-wave link is processed. Due 136 

to the interruption of the data acquisition system, the original data shows missing values 137 

(Nan), and we will exclude the data with missing values. The total attenuation value on 138 

the link path is obtained by subtracting the transmit power from the received power. This 139 

link is a dual-polarization link, and only vertical polarization is used in this article. The 140 

raindrop spectrometer we use has a time resolution of 1 min for measuring rainfall rate, 141 

which is consistent with the time resolution of path attenuation. Figure 3(a) shows the 142 

signal strength RP received by the E-band link on January 7, 2020. The frequencies are 71 143 

GHz and 81 GHz, respectively. Figure 3(b) shows the rainfall rate outR output by the 144 

raindrop spectrometer set up at the experimental site. It can be seen that after a rainfall 145 
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event occurs, the received signal intensity is attenuated accordingly, and the rainfall rate 146 

is positively correlated with the signal attenuation. 147 

 148 

Figure 3. (a) The received signal intensity on January 7, 2020; (b) The rainfall rate output by the 149 

raindrop spectrum instrument. 150 

3.2. Attenuation baseline calculation 151 

From Figure 3(a), it can be observed that after the rainfall event ended (approxi- 152 

mately at 12:00), RP
 
did not return to the signal strength during the drought period (be- 153 

fore the rainfall event), but changed with time after the rainfall event. In the dry period of 154 

this day, when the frequency is 71 GHz, RP
 
fluctuates between -71 dBm and -70 dBm, and 155 

when the frequency is 81 GHz, RP fluctuates between -73 dBm and -72 dBm. Therefore, the 156 

attenuation value during the drought period cannot be directly used as the baseline. We 157 

use the method in [22] to determine the attenuation baseline. Assuming that  tAT is the 158 

total attenuation of the link over time, expressed here as: 159 

     tAtAtA rbT   (5) 

where  tAb represents the attenuation baseline, and  tAr represents the attenuation 160 

caused by rainfall. We define a moving window  twtW , with a width of 0w . 161 

 




WtkW
Wt kA

N
A

1
 (6) 
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Wt AkA
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S  (7) 

where WN represents the number of measurements in tW . The choice of window size has 162 

a great impact on wet and dry classification, and it should not be too large or too small. 163 

After weighing the results in this experiment, we choose min25w . According to the de- 164 

cision rule in [22], for a given threshold 0 , 0WtS , it means a rainy period; if 0WtS , 165 

it means a dry period. 166 

The value of 0 is estimated from attenuation measurements collected during a dry 167 

period (usually 24 hours). Assuming that D represents a dry period and R represents a 168 

rainy period, the value of 0 is obtained by the following formula: 169 



Sensors 2021, 21, x FOR PEER REVIEW 6 of 16 

 

 

 DtSq Wt  850  (8) 

Among them, 85q denotes the 85% quantile, which is the threshold obtained after we ana- 170 

lyzed the data of Nanjing from December 2019 to March 2020. When the window sizes w 171 

and 0 are determined,  tAb  
can be determined according to the method in [22]: 172 
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where m is the minimum value that makes Dmt  . Let's take the attenuation on January 173 

19, 2020 during the dry period as an example, and the calculated values of WtA and 0 are 174 

shown in Table 1: 175 

Table 1. WtA and 0 obtained from the data on January 19, 2020. 176 

Frequency WtA  0  

71GHz 67.8 0.03 

81GHz 69.9 0.04 

4. Rain rate inversion 177 

4.1. Raindrop size distribution 178 

For rainfall inversion, it is very necessary to find the rainfall rate and related attenu- 179 

ation of the actual rainfall event. We need to know the change of the raindrop size distri- 180 

bution (DSD) in the rainfall of a given intensity. We use the raindrop shape and size func- 181 

tion to calculate the rainfall rate DSDR (mm/h) [23], and use DSDR to compare with the in- 182 

verted rainfall rate in subsequent experiments. According to the DSD data of raindrops, 183 

the droplet density distribution is calculated as follows [24]: 184 

   13
02

1








 mmm
DTSV

N
DN

j ij

ij

i  (10) 

where ijN represents the number of raindrops with a diameter at level i and speed at level 185 

j , and iD is the diameter of raindrops at level i . S is the measurement area of the raindrop 186 

spectrometer, where the value of S is 0.0044.T is the sampling time of 60 s, iD is the di- 187 

ameter interval between two adjacent levels i and  1i , and jV is the falling speed of the 188 

droplet with a speed of j .The rainfall rate DSDR can be calculated using the formula pro- 189 

posed in [25]: 190 

   hmmDDNDVR iii

j

j
DSD /106 3

22

1i

20

1

4  
 

  (11) 

Figure 4 shows the comparison between the output rainfall rate outR of the raindrop 191 

spectrometer on January 7, 2020 and the rainfall rate DSDR calculated by the raindrop DSD. 192 

Through observation, it can be seen that the output result of the raindrop spectrometer is 193 

higher than DSDR , indicating that the actual rainfall rate and the instrument output rainfall 194 
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rate are different, so DSDR is used as the reference rainfall rate in the subsequent experi- 195 

ments. 196 

 197 

Figure 4. On January 7, 2020, the raindrop spectrum instrument output rain rate (green line) and 198 

raindrop DSD calculated rain rate (red line). 199 

The raindrop shape and size function can be used to not only calculate the rainfall 200 

rate, but also express the specific attenuation  (dB/km) [26]. Mie theory [27-28] is used to 201 

calculate the extinction coefficient of a single particle at millimeter-wave frequencies, ex- 202 

pressed in integral form as follows: 203 

   

D

DSD
r dDDNfDC ,104.343 ext

3  (12) 

where  fDCext , is the Mie extinction cross-section with a droplet diameter of D , which 204 

depends on frequency and temperature. It characterizes the scattering and absorption 205 

characteristics of each raindrop at a given frequency f and polarization, and determines 206 

the attenuation caused by a single droplet. In addition to dimensional information, the 207 

application of Mie theory to calculate the extinction cross-section also requires a complex 208 

refractive index. Using the dielectric function of Liebe et al. [29], it covers the frequency 209 

range from 1 GHz to 1000 GHz. 210 

The propagation experiment of Hansryd [30] et al. showed that compared with the 211 

low frequency band, the E-band millimeter-wave has a higher scattering efficiency for 212 

smaller raindrops and has a stronger dependence on DSD. The model provided in ITU-R 213 

P.838-3 shows that there is a power law relationship between the specific attenuation and 214 

the rainfall rate, therefore: 215 

DSD

DSDDSDDSD
r Rk


   (13) 

This is a good approximation of the relationship between attenuation and rain rate. 216 

Our link length l  is 3km, so the rainfall induced attenuation DSD
rA calculated by DSD can 217 

be expressed as: 218 

lRklA
DSD

DSDDSDDSD
r

DSD 
 r  (14) 

Figure 5 is the first rainfall event that occurred in the 71 GHz band on January 7, 2020, 219 

comparing the three methods outlined above for estimating the rainfall induced attenua- 220 

tion. The blue line represents the rainfall induced attenuation after the link measurement 221 

data is processed by the method in Section 3, the red line is calculated from the measured 222 

DSD data, and the green line represents ITU-R P.838- 3. The proposed method is esti- 223 

mated. Comparing the corresponding rainfall induced attenuation in Figure 5, it can be 224 

seen that the trends of the three curves are similar. However, the attenuation rA meas- 225 

ured by the link is higher than the other two methods when the rain reaches the maximum 226 

as the rainfall event occurs, until the rainfall event ends. This deviation directly affects the 227 

accuracy of rainfall induced attenuation measured by link data. After excluding other ef- 228 

fects, the wet antenna effect is the main reason for the difference between the measured 229 
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rainfall induced attenuation and the actual attenuation of the link [31]. We will study 230 

methods to eliminate this effect in the next section. 231 

 232 

Figure 5. Rainfall induced attenuation at 71 GHz on January 7, 2020, blue line: predicted from link 233 

data, red line: estimated from DSD data, green line: using the method recommended by ITU-R 234 

P.838-3. 235 

4.2. Wet Antenna Correction 236 

When it rains, the water layer adheres to the surface of the reflector, radome, and 237 

horn cap. In this case it will cause significant signal attenuation [32-34]. Since they are 238 

almost vertical surfaces made of hydrophobic materials, the amount of water attached to 239 

the surface of the radome may have a maximum value, which will cause the attenuation 240 

caused by it to reach a saturated value. 241 

An exponential relationship between the measured attenuation value rA and the at- 242 

tenuation waA caused by the wet antenna is proposed in [35], as follows: 243 

  rwa AdCA  exp1  (15) 

where C and d are model parameters. Tests have proved that the wet antenna attenuation 244 

increases with the lowest value of measured attenuation and rainfall rate, and finally it 245 

reaches the saturation value. In this case, C is selected as the representative of the largest 246 

difference between the forecast and the measurement observed in the time series. d is cal- 247 

culated by nonlinear regression of the model during the observation period [36]. 248 

It can be seen from Figure 6 that at 71 GHz, when rA is 5.5 dB, waA reaches the satura- 249 

tion value mentioned in [28], so the wet antenna attenuation waA can be expressed as: 250 
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Figure 6. Curve fitting of rA and waA at 71 GHz. 252 

Similarly, as shown in Figure 7, at 81 GHz, when rA is 4.5 dB, waA reaches a saturation 253 

value, so waA is expressed as follows: 254 
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 255 

Figure 7. Curve fitting of rA and waA at 81 GHz. 256 

We apply the wet antenna correction model to the link data to predict rainfall-in- 257 

duced attenuation, and the corrected attenuation level rA can be obtained from 258 

warr AAA  . 259 

Figure 8 shows the first rainfall event that occurred in the 71 GHz band on January 7, 260 

2020. The rainfall induced attenuation after correcting the influence of the wet antenna 261 

shows a better fitting effect than before the correction, and is closer to the result estimated 262 

from the DSD data and estimated using the ITU-R P.838-3 recommendation. 263 
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 264 

Figure 8. Rainfall induced attenuation at 71 GHz on January 7, 2020, black line: rainfall induced 265 

attenuation after correction, blue line: predicted from link data, red line: estimated from DSD data, 266 

green line: using the method recommended by ITU-R P.838-3. 267 

4.3. Rain rate inversion result 268 

We use the millimeter-wave link to collect data from December 2019 to March 2020 269 

and analyze the rainfall events in these four months. We then apply the above model to 270 

invert the rainfall rate, and evaluate the inversion effect by calculating the Pearson corre- 271 

lation coefficient and the mean square error. The formula is as follows: 272 
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(19) 

Among them, MR represents the rainfall rate estimated by the link data, and DR represents 273 

the rainfall rate calculated by the DSD and the raindrop spectrum instrument measured 274 

the rainfall rate. X and X are the mean and standard deviation of Mi RX  , and Y and 275 

Y are the mean and standard deviation of Di RY  . The higher the correlation coefficient 276 

and the smaller the mean square error. It means that there is better similarity between the 277 

two data sets, indicating that the rainfall rate estimation from the millimeter-wave link is 278 

closer to the true rain rate. Figure 9 shows the received signal strength and rainfall rate 279 

results. Table 2 lists the 6-day rainfall rate correlation coefficient and mean square error 280 

value. 281 
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Figure 9. The received signal strength rP of 71 GHz and 81 GHz on different days. The comparison result of link retrieved 282 

rainfall rate GHzR71 and GHzR81 , raindrop spectrometer output rain rate outR and DSD data to calculate rainfall rate DSDR . 283 

 284 
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 286 

Table 2. Correlation and mean square error of the estimated rainfall rate (based on the 71 GHz and 81 GHz link) 287 

 and rainfall rate recorded by disdrometer  288 

Date Frequency 

outR  
DSDR  

r  

 -  

MSE  

 hmm /  

r  

 -  

MSE  

 hmm /  

2020/02/28 
71GHz 0.90 0.11 0.89 0.10 

81GHz 0.91 0.15 0.89 0.06 

2020/02/29 
71GHz 0.88 0.19 0.86 0.33 

81GHz 0.89 0.22 0.87 0.07 

2020/03/09 
71GHz 0.59 0.37 0.61 0.16 

81GHz 0.57 0.36 0.60 0.17 

2020/03/10 
71GHz 0.55 0.22 0.53 0.17 

81GHz 0.67 0.18 0.65 0.21 

2020/03/13 
71GHz 0.59 0.01 0.61 0.01 

81GHz 0.63 0.01 0.63 0.01 

2020/03/21 
71GHz 0.87 0.36 0.87 0.13 

81GHz 0.84 0.37 0.84 0.16 

5. Discussion 289 

From the experimental results, the accuracy of the rainfall rate retrieved from milli- 290 

meter-wave link data is relatively high. As shown in Table 2, about 73% of the correlations 291 

are above 0.6, and 95% of the mean square errors are less than 0.5 mm/h, which shows 292 

that the millimeter-wave link in the E-band can monitor rainfall well. Figure 9 shows the 293 

received signal strength and rainfall strength of the day. It can be seen that as the rainfall 294 

event occurs, the signal strength is attenuated accordingly. The GHzR71 and GHzR 18 shown 295 

in the figure are the results of eliminating the wet antenna effect. It can be seen from the 296 

comparison results of link retrieved rainfall rate with outR and DSDR that the retrieved rain- 297 

fall rate is lower when the rainfall is heavy. This may be related to the excessive elimina- 298 

tion of attenuation when removing the effect of the wet antenna, which means that part 299 

of the attenuation caused by the wet antenna will be eliminated when the above method 300 

correctly extracts the rainfall induced attenuation, which is consistent with the conclu- 301 

sions in the previous study [19]. The estimation process is relatively insensitive to the at- 302 

tenuation of the wet antenna that occurs on a long link because the attenuation along its 303 

path is greater than the attenuation of the wet antenna. In addition, it can be seen from 304 

the figure, under the same conditions, compared with the 71 GHz millimeter-wave link, 305 

the 81 GHz millimeter-wave has a larger attenuation, and the estimated rainfall rate is 306 

slightly higher than the rainfall rate estimation based on the 71 GHz link, which indicates 307 

that the 81 GHz link provides better estimation accuracy for rainfall monitoring. In addi- 308 

tion, it can be seen from the figure that, under the same conditions, the signal attenuation 309 

of 81 GHz millimeter-wave is larger than that of 71 GHz millimeter-wave link. Moreover, 310 

the rainfall rate retrieval result is also slightly higher than the 71 GHz result, indicating 311 

that the millimeter-wave link in the high frequency band is preferrable for monitoring 312 
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rainfall. From Table 2 we can also see that the mean square error of GHzR71 , GHzR 18 and 313 
DSDR is about 0.01-0.35 mm/h lower than the mean square error of outR , and this difference 314 

is relatively small. This shows that the difference between outR and DSDR will not have a 315 

great impact on the results of rainfall retrieval. But in order to retrieve rainfall more accu- 316 

rately, this cannot be easily ignored. 317 

Taking the rainfall event on February 29, 2020 as an example, it can be determined 318 

from the data of outR and DSDR in Figure 9(d) that there has been some drizzle since 00:00 319 

on this day. We found that for small rainfall, the received signal strength of millimeter- 320 

wave has small fluctuations, which can be seen from Figure 9(c). But this is a fluctuation 321 

lower than the attenuation baseline, and the inverted rainfall is not reflected. From the 81 322 

GHz signal receiving strength in the figure, it can be seen that the small fluctuations from 323 

00:00 to 01:00 are higher than the attenuation baseline, which is also reflected in the rainfall 324 

inversion results. It shows that the high-frequency link is more suitable for light rain mon- 325 

itoring. On the other hand, this may be related to the size of the time window selected in 326 

Section 3.2, which affects the determination of the attenuation baseline. If a small one is 327 

chosen, this attenuation will be reflected. But the disadvantage of this is that it will over- 328 

estimate the rainfall attenuation, thereby reducing the accuracy of rainfall retrieval. The 329 

improved correlation and lower mean square error in Table 2 indicate that the window 330 

size we choose is appropriate, which also shows that this rainfall retrieval model is accu- 331 

rate and effective. 332 

6. Conclusions 333 

This article introduces the research results of the E-band millimeter-wave link built 334 

in Nanjing, located in Southern China. Signals at E-band experience greater attenuation 335 

by rainfall. It is relatively easy to measure. We use a 3 km long link, so the link’s ability to 336 

accurately quantify the rainfall rate during light rainfall is stronger than that of the tradi- 337 

tional microwave links operating at 15-40 GHz. The measurement data is collected with a 338 

high time resolution at 1 min sampling interval. 339 

The experimental results show that the method of separating rainfall induced atten- 340 

uation and eliminating wet antenna attenuation studied in the low frequency band is also 341 

applicable to the E frequency band. We are doing research on rainfall events with a rain 342 

rate of about 0-4 mm/h. The correlation between the retrieved rainfall rate and the rainfall 343 

rate measured by the raindrop spectrometer at 71 GHz is about 0.9, with a mean square 344 

error of about 0.11 mm/h. The correlation at 81 GHz is about 0.91, with a mean square 345 

error of about 0.15 mm/h. This further confirms the high sensitivity of the E-band milli- 346 

meter-wave link to light rainfall. The determination of the attenuation baseline is very 347 

important for accurately separating the rainfall induced attenuation. This article uses a 348 

simple wet and dry classification and then determines the baseline method. Compared 349 

with the model provided by ITU-R P.838-3 and the attenuation calculated by DSD data, 350 

the rainfall induced attenuation estimated by this method is closer to the calculation result 351 

of DSD data, indicating that this method is accurate and effective. In our research, the 352 

attenuation caused by the wet antenna is estimated through DSD data and an effective 353 

model. The attenuation caused by the wet antenna in a rainfall event is about 2 dB, which 354 

is a relatively small value, indicating that the impact of the wet antenna attenuation on 355 

the rainfall rate retrieval in the E-band is less than the low frequency band of 15-40 GHz. 356 

For a long E-band millimeter wave link, since we cannot always assume that the rainfall 357 

rate along its path is uniformly distributed, this may cause some errors, which is also a 358 

factor that affects the experimental results. In a sufficiently long link, it is also possible to 359 

separate the attenuation caused by water vapor, which of course is challenging in practice. 360 
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