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Monitoring and analysis of water vapor density based on wireless
communication network in Gothenburg area
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Abstract: The use of microwave links in wireless networks to monitor rainfall and water vapor is the lat-
est technology in atmospheric environmental monitoring. This technology can measure meteorological
elements such as rainfall and water vapor near the surface and has the advantages of high spatial and
temporal resolution and low cost. The water vapor density from June 13, 2017 to July 13, 2017 is cal-
culated and analyzed by using the data of the microwave communication link in the E-band of Gothen-
burg provided by Ericsson, the data of meteorological station 1 provided by the meteorological station
at one end of the link and the data of meteorological station 2 provided by the meteorological website
of the Swedish Institute of Meteorology and Hydrology (SMHI). The results show that the environ-
mental conditions at different locations in the same area have certain differences, the temperature of
the same area shows a variation (O~4OC), the correlation between the two is 0. 87; We retrieved water
vapour density value from the microwave communication link and compared with the measurement
from ground weather station in the study area, and we found the results have good consistency. The
correlation between the two is 0. 89, and the root mean square error is 0. 75 ¢g/m’. We have demon-
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strated that microwave links can be utilized to provide an extra rich data source for existing weather

monitoring networks in addition to existing humidity monitoring methods.

Key words: microwave links, water vapour monitoring technique, Gothenburg area, E-band
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Fig. 1 Research areas and equipment locations in the Gothen-
burg area. The two points A and B in the figure are the loca-
tions of the microwave link antenna, and the white straight
line is the link propagation distance of 3 km. Point C in the fig-
ure is the location of the Gothenburg area weather station site
provided by the Swedish Meteorological and Hydrological Re-
search Institute (SMHI) meteorological website, which is 21

km away from the B-end of the link
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Fig. 2 Attenuation characteristics of electromagnetic wave

signals in different frequency bands in the atmosphere
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Table 2 Theoretical Attenuation Values of ITU Model for Typical 5G Frequency under Different Humidity Condi-

tions(dB/km )

s
X 10% 20% 30% 40% 60% 70% 80% 90% 100%
i
25GHz 0.0217 0. 0437 0. 0661 0. 0888 0.1118 0. 1351 0. 1587 0. 1827 0. 2069 0.2315
28GHz 0.0137 0. 0280 0. 0427 0. 0579 0.0735 0. 0897 0. 1063 0. 1235 0.1411 0. 1592
38GHz 0.0119 0. 0246 0. 0381 0. 0525 0. 0676 0. 0836 0. 1004 0.1180 0. 1365 0. 1557
71GHz 0. 0338 0. 0704 0. 1097 0.1518 0. 1967 0. 2443 0.2948 0. 3480 0. 4040 0. 4627
81GHz 0. 4343 0. 0905 0. 1411 0. 1954 0. 2533 0.3148 0.3799 0. 4486 0.5209 0. 5969
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Table 3 Statistics of daily variation of atmospheric parameters from two meteorological stations at different loca-

tions
Weather Station 1 Weather Station 2

KEE KRE KIRE KIKE KRE KRE

N BrR RITR P EEOK ER/N O ETYH gmenR B0 PmiR ERK ERON BTN
BE(C)  BE(C) EE(C) 16 fi i BE(C)  E(CQ) () iEA iEA ic1

(&/n7) (/%) (&/n) (&/m) (&/n7) (8/n)
2017/06/13  20.30 16. 40 13.30 10. 13 9.26 7.74 20.77 17.31 13.90 10. 95 10. 43 9.59
2017/06/14  20. 40 16. 64 12.70 11.03 9.67 8.54 17.71 15. 69 13.40 11.30 10. 46 9.77
2017/06/15  20.60 17.37 13.80 11.24 10. 60 9.12 20. 67 17.75 14. 64 12.35 11. 69 10.95
2017/06/16  18.70 16.78 15.20 13.82 12. 67 10. 59 18. 06 16. 59 15.23 13.39 12.49 11.12
2017/06/17  21.80 18.43 15. 80 13.23 11.21 8.07 19. 67 17. 54 15.70 13.22 11.87 9.36
2017/06/18  22.50 19.10 15.90 13.19 12.47 11.79 19. 89 17. 67 15. 64 13.95 13.00 11.85
2017/06/19  21.60 18.59 15. 10 13.60 11.98 10. 85 20. 08 17.39 14. 80 14. 07 12.70 11.77
2017/06/20  18.80 16. 88 15.30 11.93 8.37 6.28 17.07 15.95 15.17 13. 14 9.54 7.70
2017/06/21 19. 40 16.22 13.40 8.84 7.35 5.17 17.28 15.52 13.72 9.61 8.34 6.48
2017/06/22  16.00 14.79 13.40 10. 51 9.59 8.87 15.75 14. 46 13.44 10. 77 10. 16 9.42
2017/06/23  20.70 16. 32 13.50 12.83 11.34 10. 29 20. 02 15.92 13.45 12.53 11.59 10. 17
2017/06/24  18.80 16. 16 13.70 11.59 9.31 6. 84 16. 49 15.34 14.12 11.83 10. 22 8.25
2017/06/25  16.40 13.81 11.50 9.81 8.94 8.31 14.47 13.38 11. 64 9.74 9.38 9.06
2017/06/26  18.00 15. 04 12.30 9.12 8.57 7.80 15.83 14. 19 12.50 9.60 9.29 9.00
2017/06/27  20.20 16. 68 13.50 9.16 6.68 5.24 19. 06 15.85 13.21 9.75 7.60 6.15
2017/06/28  23.60 18.50 13. 10 8.65 7.55 6.01 22.07 18. 00 13.37 9.63 8.56 7.36
2017/06/29  21.20 18.33 15. 60 9.26 7.79 6.50 20.71 17.95 15.40 10. 21 8. 81 7.59
2017/06/30  22.00 18. 63 15.30 9.89 8. 66 7.42 21.50 18.28 15.18 10.70 9.55 8.57
2017/07/01  24.30 19.77 15.10 10. 65 8.78 6.78 22.91 19. 00 15.85 11.18 9. 81 7.91
2017/07/02  18.50 15.50 13.80 10. 57 9.22 7.98 16. 48 14. 82 13.56 10.91 10. 06 9.19
2017/07/03  18.30 15. 19 13.00 9. 64 8.50 7.55 16. 29 14. 41 12. 63 10. 24 9.28 8. 47
2017/07/04  20.20 16. 38 12.40 9.88 8.43 6.43 17. 62 15.34 12.35 10. 14 9.23 8.26
2017/07/05  19.80 16. 32 11.20 11.57 9.94 8.51 17. 80 15.53 12. 14 11.90 10. 66 9.59
2017/07/06  18. 60 15.96 11.40 10. 51 9.85 7.59 17.27 15.38 12.49 11.13 10. 55 9.50
2017/07/07  21.60 17.48 14. 80 11.56 10. 18 8. 44 18. 82 16. 60 14.76 11.86 11.17 10. 42
2017/07/08  18.50 16. 09 14.20 12.35 10.95 9.04 17.43 15. 60 14.26 12.21 11.36 9.92
2017/07/09  18.70 16. 28 14. 00 10.70 9.42 8.19 17.32 15.42 13.88 11.29 10. 17 9.09
2017/07/10  19.70 17.26 12. 80 11.43 9.92 8.77 18.35 16. 49 13.16 12.05 10. 88 10. 21
2017/07/11  21.50 17.73 13.90 12.50 11.16 9.18 18. 90 17. 08 14.17 13.12 11. 84 10. 69
2017/07/12  18.70 16. 15 13.30 11.37 8.97 8.00 17. 14 15.31 13.82 12.09 9.94 8.82
2017/07/13  19.70 16. 11 10. 60 10. 13 7.90 5.84 17. 63 15.41 11.63 10. 35 8.76 7.59
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Fig.4 Environmental condition assessment (a) Comparison

5 1 1 1
6J13H  6/19H

of temperature measurements from two weather stations in the
same area, (b) Comparison of absolute humidity level mea-

surements from two weather stations in the same area
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Table 4 Statistical Analysis of Water Vapor Density

of Microwave Link and Weather Station 1

M 77 =K FHIE bRz T2 MCRE
KLk 10.22 1.29

0.75 0. 89
Microwave 10. 46 1.62
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Table 5 Statistical Analysis of Water Vapor Density

of Microwave Link and Weather Station 2

M7 =K FHIE brifEzE  BOriEZE MCRE
K42 11.22 1.83

0.79 0.97
Microwave 10. 46 1.62
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Fig.5 Day-to-day variation results of water vapour density
calculated using data obtained from a microwave communica-
tion link within one month compared to weather station mea-
surements (a) Comparison of the measured values of the weath-
er station 1 with the water vapor density calculated from the da-
ta obtained by the microwave communication link, (b) Com-
parison of the measured values of the weather station 2 with
the water vapor density calculated from the data obtained by

the microwave communication link
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