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Reducing Systematic Mechanical Error in Rainfall Measurement of Tipping

Bucket Rain Gauge
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ABSTRACT

Under this research, the tipping bucket rain gauge calibration set in laboratory was developed
as a tool for studying the mechanical error in rainfall measurement. The tipping bucket rain gauge of 0.25
mme-resolution was used in the experiment. The result of adjusting rainfall intensity for 137 trials showed
that the test tipping bucket rain gauge accurately measured the rainfall when the intensity was less than
50 mm/hr. When rainfall intensity exceeded 50 mm/hr, the tipping bucket rain gauge gave under estimated
measurement. The measurement error was 20 mm/hr for the rainfall intensity 200 mm/hr. Two
approaches were conducted to reduce this measurement error. Those are (1) adjusting the tipping bucket
measured rainfall by the calibration equation and (2) adjusting the bucket resolution by the amount of
water loss. Both approaches showed a satisfactory result in reducing the measurement error. Thus, the
calibration of tipping bucket rain gauge is recommended when it is used in the area of high intensity

rainfall, exceeding 50 mm/hr.

Keywords: Tipping Bucket Rain Gauge, Automatic Weather Station, Rainfall Measurement Error,
Rain Gauge Calibration, Tipping Bucket Resolution
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Figure 1 Tipping Process Showing Water Loss During Rainfall Measurement
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Figure 2 Tipping Bucket Rain Gauge Calibration Set
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Figure 3 Tipping Bucket Rain Gauge Calibration Curve
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Figure 4 Characteristics of Measurement Errors of Tipping Bucket Rain Gauge
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Figure 5 Rainfall Recorded at Kasetsart University, Kamphaengsaen Campus
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on 12 May 2019

Source: http://www.aws-observation.tmd.go.th/web/reports/weather minute.asp
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00:01:06.08

(4) 00:01:06.08 — 0.30 s after starting

(5) 00:01:06.10-0.40 s after starting
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00:01:06.04

ing (3) 00:01:06.06 — 0.20 s after starting

00:01:06.10

(6) End tipping at 00:01:06.13

Figure 6 Photos from Video Recorder Showing Time in Decimal of Second During Bucket Tipping

from Start to End for 114 mm/hr Reference Intensity
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Table 1 Loss Time and Loss Depth of Rainfall for Selected Reference Intensity

At in second for different RI(mm/hr)

Sample No. 29 68 99 114 155 175 205

1 0.40 0.55 0.40 0.40 0.40 0.40 0.40

2 0.40 0.45 0.45 0.35 0.30 0.40 0.40

3 0.40 0.45 0.40 0.35 0.40 0.40 0.35

4 0.45 0.40 0.40 0.40 0.30 0.40 0.35

5 0.45 0.40 0.40 0.40 0.45 0.40 0.45

6 0.65 0.50 0.35 0.35 0.40 0.35 0.35

7 0.45 0.40 0.40 0.40 0.40 0.40 0.45

8 0.60 0.40 0.45 0.45 0.40 0.35 0.45

9 0.45 0.50 0.40 0.40 0.40 0.35 0.35

10 0.45 0.40 0.45 0.40 0.40 0.35 0.35

11 0.60 0.35 0.35 0.45 0.45 0.40 0.35

12 0.50 0.40 0.35 0.30 0.35 0.40 0.35

13 0.40 0.45 0.35 0.40 0.35 0.35 0.35

14 0.45 0.40 0.35 0.35 0.35 0.40 0.45

15 0.45 0.40 0.35 0.50 0.40 0.40 0.35

Mean in second 0.47 0.43 0.39 0.39 0.38 0.38 0.38
Stdev in second 0.08 0.05 0.04 0.05 0.04 0.02 0.04
L(mm) = RI*At/3600 0.0038 | 0.0081 | 0.0108 | 0.0124 | 0.0165 | 0.0186 | 0.0219
% Loss Error = 100L/d 1.5 3.3 4.3 5.0 6.6 7.5 8.7
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Figure 7 Loss of Water in Tipping Bucket Rain Gauge Measurement
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Table 2 Comparison of RMSE for 3 Cases of Adjusting Rainfall Intensity

Cases Error RMSE (mm/hr)
Unadjusted Rainfall Intensity (TBRI) Error 1 = TBRI - RI 8.70
Adjusted Rainfall Intensity by Calibration Equation (TBRI’) | Error 2 =TBRI’ - RI 2.28
Adjusted Rainfall Intensity by Water Loss (TBRI") Error 3= TBRI” - RI 2.62
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