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Fig. 1 Schematic layout of comparison experiment for micro-smart weather stations
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Table 2 Rainfall events from 15 Jun to 15 Oct in 2021 (unit: mm)
& 11 B (A Co1l co2 Co03 Co04 Co5 C06 co7 Co08 C09 C10 Cl11 o 7 3
07-01T18:01—21:00 14.2 24.4 2.6 7.2 16. 8 21.5 18.2 17.5
07-02T23:01-—03T20:00 46. 3 53.9 4.4 17.9 38.4 49.6 47. 2 39.2
07-10T23:01—12T07.00 101.7 87.9 173.2 18.3 41.9 112.4 142. 2 124.9 32.3 111.7
07-18T09:01—19.00 20. 6 20. 3 18.2 27.7 1.4 8.2 18.6 15.5 21. 8 24.5 7.0 18.6
07-21T10:01—22T06:00 19.1 16.7 12.1 15.3 0.3 5.8 15.0 12.4 17.2 20. 3 5.9 13.9
07-27T15:01-—30T09:00 46. 8 35.8 5.8 13.7 42.6 43.8 52.7 13.2 37.0
08-04T03:01—07.:00 11.9 9.9 17.0 0.8 5.2 12.2 9.0 15.6 15.3 4.2 11.9
08-05T12:01—14.:00 21.4 14. 3 24.2 8.2 7.1 17.8 13.6 21.4 22.5 6.4 18.5
08-09T00:01—03:00 3.2 0.0 2.2 0.0 1.6 1.4 2.0 1.6 3.5 1.5 1.2
08-14T06:01-—08:00 7.9 30.0 8.2 0.0 3.1 5.6 5.0 6.8 9.9 3.1 5.7
08-16T03:01—17T02.00 2.5 0.0 0.0 0.3 0.0 0.3 1.6 1.6 2.2 2.6 0.9 1.3
08-19T06:01—20.:00 19.9 30.0 17.6 0.0 5.9 19.7 23.3 5.6 23.1
08-23T19:00—24T02.00 29.8 54.5 45.3 5.2 12.7 32.0 23.7 31.6 38.6 11.6 32.9
08-26T20:01—21:00 0.7 0.0 0.4 0.0 0.3 0.2 0.5 0.2 0.8 0.5 0.2
08-31T02:01—09.:00 4.7 0.9 0.0 0.0 2.0 2.2 2.0 5.9 1.3 1.7
09-04T01:01—06T11:00 10.5 10. 8 3.5 0.5 0.0 12.0 8.9 11.6 11.7 2.5 10. 6
09-16T08:01—17T00:00 4.5 6.8 0.2 0.5 0.3 0.5 1.6 1.4 1.4 2.1 0.3 1.2
09-18T19:01-—20T11.00 51.0 117. 8 40. 6 47.1 25.9 21.7 67.4 66. 6 58.9 9.5 65. 3
09-23T22:01—24T22.00 16.1 12.7 10.9 1.2 5.9 11.8 10.7 11.8 17.0 6.1 11.1
09-25T22:01—27T06:00 5.8 14.8 1.0 1.5 0.5 14. 4 3.6 13.8 6.7 1.1 12.9
10-03T10:01-—07T05:00 131.9 109. 5 2.4 69. 8 103. 8 103.0 104. 4 44.0 104. 2
10-08T21:01—09T21.00 13.1 14.0 4.6 0.1 3.7 13.8 9.8 13.4 4.0 12.9
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Fig. 2 Box plots of relative error for process precipitation of micro-smart weather stations

(upper and lower boundaries of the box denote 75 and 25 percentiles, top and bottom ends of
pp p I

the whiskers denote the maximum and minimum, the black horizontal line inside the box denotes

the median, green diamonds denote the mean,blue dashed lines denote =4 % of bias)
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Fig. 3 Scatter plot of maximum rainfall bias at different duration
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Table 4 Differences in rainfall time parameters between

standard station and micro-smart weather stations
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Abstract

In order to enhance the understanding of rainfall observation performance of micro-smart (integrated)
weather stations and to promote the application in rainfall observation operations, a comparative experi-
ment for the rainfall observation of radar, photoelectric, piezoelectric and tipping bucket micro-smart
weather stations is carried out by Hebei Xiong’an New Area Meteorological Service from June to Novem-
ber in 2021. The rainfall observation capability of micro-smart weather stations with different rainfall ob-
servation principles are analyzed in terms of total rainfall, rainfall intensity, percentage of rainfall intensity
and temporal characteristics. It shows that when the accumulated precipitation exceeds 10 mm, the precip-
itation measured by the tipping bucket micro-smart weather station can meet observation error control re-
quirements compared with the precipitation observed by the standard station, while results of the radar mi-
cro-smart weather station are large and results of the photoelectric and piezoelectric micro-smart weather
stations are small. When the cumulative precipitation is less than 10 mm, results of the tipping bucket and
piezoelectric micro-smart weather stations can meet observation error control requirements, while results
of radar micro-smart weather stations are large and results of photoelectric micro-smart weather stations
are small. In terms of rainfall intensity, the double tipping bucket station is suitable for monitoring rainfall
extreme, while photovoltaic and piezoelectric stations underestimate the extreme. Radar-based micro-smart
weather stations can be calibrated and revised for rainfall extreme monitoring by adjusting internal parame-
ters. Analysis of different rainfall intensities and their corresponding rainfall ratios show that the rain in-
tensity corresponding to a rain intensity accumulation ratio greater than 95% at each micro-smart weather

station is [0. 3 mm » min_ ', 0. 6 mm » min ' ] and the rain intensity corresponding to a rainfall accumulation

1 1

ratio greater than 50% is [0.1 mm * min ', 0.4 mm * min ' ]. It shows that within 0.4 mm * min ', the
proportion of rainfall measured by any type of rain sensor accounts for more than half of the total rainfall,
so more attention should be paid to accuracy for small rain intensity in the operational rain sensor rate de-
termination. As the resolving capacity increases, the tipping bucket type micro-smart weather station be-
comes less sensitive to the starting time and will identify the ending time earlier. The radar type micro-
smart weather station responds to rainfall relatively more quickly. Finer resolving capacity of the rain sen-

sor will enhance the monitoring effectiveness of fine rainfall and the effective rainfall rate.

Key words: micro-smart (integrated) weather stations; rainfall characteristics; field comparison observa-

tion



