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Investigation on error and calibration of tipping bucket runoff and

sediment semi-automatic monitoring equipment
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Abstract: [ Objective | The aims of this study are to analyze the error law of tipping bucket type semi-
automatic monitoring equipment for runoff and sediment in field application, to construct calibration models
for runoff and sediment measured by semi-automatic monitoring equipment, and to provide a basis for the
application of runoff and sediment semi-automatic monitoring equipment. [ Methods ] Natural rainfall runoff
and sediment monitoring data were utilized to analyze the error of the measured values of runoff and sediment
of the tipping bucket runoff and sediment semi-automatic monitoring equipment. Based on the artificial

simulated runoff scouring experiment, the runoff and sediment calibration function of runoff and sediment
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was preliminarily constructed. Combined with the natural rainfall test data, the runoff and sediment
calibration models for 7 runoff plots were constructed, and the feasibility of the calibration models was
verified. [Results] (1) There were some errors between the runoff and sediment monitored by the semi-
automatic monitoring equipment and the measured values. At rainfall event scale, the relative errors of
runoff and sediment in each runoff plot were between 0.03% ~139.52% and 0.32% ~346.19% , respectively,
and the errors decreased with the increase of runoff volume and sediment amount. At annual scale, the errors
of runoff and sediment were between 2.23% ~45.03% and —10.38% ~103.26 %, respectively. The automatic
measurement data of runoff was generally greater, whereas there was no obvious regularity in sediment
amount. Nevertheless, the error of the monitoring results of the semi-automatic monitoring equipment at
rainfall event scale was greater than that at annual scale. (2) The monitoring data of the tipping bucket
runoff and sediment semi-automatic monitoring equipment could be calibrated by the linear functions. After
the calibration of the runoff model and the sediment model, the root mean square error of runoff volume and
sediment mount were greatly reduced. The relative errors were between —0.01% ~0.68% and 0.00% ~3.52%,
which could meet the relevant requirements of runoff and sediment monitoring data error less than 5%.
[ Conclusions ] Although the use of semi-automatic monitoring equipment for runoff and sediment is of great
significance for promoting the automation process of soil erosion monitoring and improving the efficiency of
data acquisition, further calibration is needed after the equipment is installed. The calibration model
established by real runoff data of natural rainfall is better.
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Picture of semi-automatic monitoring equipment for runoff and sediment
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Fig. 2 Schematic diagram of calibration process
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semi-automatic monitoring equipment under different rainfall types
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Fig. 3 Variation law of runoff monitoring error with runoff yield
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Fig. 5 Calibration of runoff and sediment of automatic monitoring equipment under scouring
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Table 4 Calibration model of runoff and sediment of monitoring equipment in different runoff plots
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Table 5 Validation results of runoff calibration model

K 1 Y HiT BTG
WiR R? RMSE/L  8/% I R R? RMSE/L  8/%
2 JpR y=1.0972—0.209 0.993 2.55 8.18 y=0.9932-+0.105 0.993 1.44 0.00
KPR PR y=1.1632+0.527 0.986 3.12 21.80 y=0.9882+0.099 0.986 1.25 0.00
B Hh y=1.0852x—1.387 0.997 7.32 5.22 y=0.997x+0.122 0.997 3.64 0.00
i y=1.1312—0.045 0.995 2.02 13.32 y=0.9952+0.056 0.995 1.07 0.68
R HEAE vy =1.0242—0.095 0.999 1.63 2.23 y=0.999x+0.023 0.999 0.70  —0.01
BWHE y=1.5172—1.716 0.998 38.95 45.03 y=0.998x+0.043 0.998 1.93 0.01
AWBEH  y=1.156x—0.381 0.999 8.33 14.54 y=0.9992—0.088 0.999 1.68 0.00
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Fig. 6 Validation results of runoff calibration model under natural rainfall
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Table 6 Validation results of sediment calibration model
K B HETT ek fm
WL R? RMSE/g /% 7 R? RMSE/g  ¢/%
EAE N y=0.755x+1.321 0.928 3.39 —10.38 y=0.9432+0.962 0.981 1.65 1.95
IK PR y=1.7132x—0.294 0.995 10.86 59.46 y=0.984240.041 0.984 0.46 0.00
i y=0.930x+29.080 0.994  192.57 1.33 y=0.999240.545 0.999 76.66 0.00
H y=2.014240.390 0.751 4,02 103.26 y=0.952240.099 0.952 0.44 0.00
W HEAE 3 =0.9942+17.067 0.999 84.86 2.23 y=1.000x+0.136 0.999 12.84 0.02
B HEE  y=0.8172+12.116 0.996 60.68 —7.00 y=0.995x+4.338 0.999 11.43 3.52
LWBET y=1.821x—4.299 0.995 89.94 15.34 y=0.9922+1.927 0.993 37.50 0.49
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Fig. 7 Validation results of sediment calibration model under natural rainfall
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Table 7 Seven semi-automatic monitoring equipment

for runoff and sediment diversion and

sediment diversion ratio %
INFRRR KAWGE AR KRR
i /MX
mamdbl WEAl PaEb RS
ZHMUNX 11.97 88.03 13.20 82.97
IKERBRAN X 11.06 88.95 20.32 78.85
/N X 9.74 90.25 10.05 89.98
/N X 11.53 88.47 18.98 79.68
I3 A /N I 10.70 89.30 11.72 87.74
B HE N X 11.08 88.91 16.91 83.14
AR I /N X 10.69 89.30 14.54 84.47
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