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Fig. 1 Structure of Xin'anjiang model
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Tab. 1 Weight division of 25 rainfall stations in Qingshandian Reservoir
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Tab. 2 Calibration results of model parameters
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Iy AN K THR o 4 it 4l R L 481 0.02 0.02 0.02 0.02
M, NSAL DAY €255 14.26 14.26 14.26 14.26
M, TR KA 71.99 71.99 71.99 71.99
My N AV €25 i 155.48 155.48 155.48 155.48
B BK g - A I A58 0.4 0.4 0.4 0.4
M FEAMKEKRER 46.91 46.91 46.91 46.91
Ex H KA i L 5 12 12 12 1.2
K HR K I R R 0.29 0.29 0.29 0.29
K Herb it i R 5L 0.44 0.44 0.44 0.44
Cs TR K R R AL 0.72 0.68 0.65 0.67
o TRk R 0.83 0.77 0.71 0.72
Cs HFARIRR K R AL 0.97 0.97 0.98 0.97
G RS 0.23 0.22 0.25 0.25
G AR A S 0.55 0.6 0.63 0.41
G LTI SH 0.22 0.18 0.12 0.34
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Tab. 3 Unclassified flood simulation results of Qingshandian Reservoir

BeRe/  ScUNUbIE  MEDHEIE VARG STMbRL BUDMbEY AR 0Bl

= ¥ S A ke
s . . - o . it R B Hats
mm (m’ss™) (mss™) 1R % 10°m’ 10°m’ R%E/% "%/ # e K

20190811 197.65 41222 39932 -3.1 384.5 3823 -0.6 0 0.83 ri R
20200706 165.06 3 672.5 3809.4 3.7 277.6 266.1 -4.1 -1 0.91 AR IIE
20170627 161.88  3573.8 3701.8 3.6 439.7 434.9 -1.1 0 0.87 oK e
20130607 175.94 31252 3244.1 3.8 370.0 386.2 4.4 -2 0.91 L HIE
20190713 146.42  2821.1 2865.4 1.6 161.1 151.2 -6.1 0 0.82 Sy HIE
20080610 11136  2790.0 2380.9 -14.7 186.0 177.8 4.4 1 0.77 A8 BIEY
20080618 139.87  2765.6 2952.7 6.8 168.7 159.5 -5.5 2 0.79 i Lsana:t]
20190621 12877  2511.7 2585.8 3.0 126.6 130.6 3.2 -3 0.91 Gk R
20110619 10926 2 486.5 25513 26 138.6 140.5 1.4 -1 0.83 oK e
20110615 132.18  2207.8 2603.3 17.9 153.9 162.9 5.8 -1 0.80 L HIE
20130627 106.00  1885.0 1883.4 -0.1 103.5 98.0 -5.3 0 0.92 Sy HIE
20180621 127.39  1879.4 1432.7 -23.8 137.0 141.0 29 0 0.65 e FEN
20140513  122.00 18323 1886.3 29 139.2 143.0 27 0 0.84 ris R
20150608  97.59 17283 1976.6 14.4 78.6 81.1 3.2 0 0.89 Gk M
20160625 101.00  1587.6 1591.7 0.3 50.1 485 -32 0 0.94 Gk B
20140621  97.50 15283 1535.5 0.5 66.6 615 -7.7 0 0.81 L HIE
20100714  62.41 1518.4 1489.4 -1.9 54.2 51.8 4.4 0 0.79 Sy Lioang 1]
20180423 70.90 1450.4 15282 5.4 51.8 56.8 9.7 0 0.91 G i
20150623  54.50 1 449.0 1326.0 -8.5 433 43.1 -0.5 0 0.87 ris R
20160529  59.35 14212 1083.4 -23.8 21.6 213 -1.4 0 0.63 AER HEW
20120808  88.81 1412.8 12882 -8.8 27.1 29.5 8.9 1 0.72 Gk B
20100306  54.79 13123 1162.3 -11.4 38.1 37.0 -2.9 -1 0.79 L HIE
20090728  89.85 1274.1 1230.0 -3.5 743 67.3 -9.4 0 0.72 sy HIE
20150809 106.50  1236.7 13488 9.1 715 74.7 45 0 0.88 AH LNy
20150821  81.50 1151.2 1279.2 11.1 63.1 60.5 —4.1 0 0.78 i Lana:t]
20200621  52.60 1111.6 11445 3.0 78.8 80.6 23 0 0.95 Gk M
20140715 64.24 1097.4 955.7 -12.9 21.9 21.0 -4.1 -1 0.81 Gk B
20100303  80.74 1094.5 1050.2 -4.0 25.6 27.2 6.2 -2 0.84 i IOUE
20160929  33.00 1067.2 947.3 -11.2 52.1 38.5 -26.1 0 0.61 Ntk FEl
20170612 37.90 982.8 1029.2 47 86.7 94.6 9.1 2 0.96 G i
20160406  48.73 955.2 952.5 -0.3 66.7 67.6 13 -2 0.87 ri R
20110717 97.15 853.0 827.5 -3.0 47.0 48.5 3.2 1 0.88 Gk R
20170319  33.84 716.4 658.4 -8.1 30.1 36.1 19.9 1 0.87 Gk B
20110831  57.63 662.0 635.0 -4.1 46.3 46.1 -0.4 0 0.88 L HIE
20200604  34.19 657.3 579.5 -11.8 27.7 24.9 -10.1 0 0.75 sy Lioang 1]
20120306  38.20 520.0 543.9 4.6 49.8 493 -1.0 -1 0.79 G i
20120426  44.00 507.0 549.4 8.4 325 31.9 -1.8 1 0.79 ri R
20130430  64.50 507.0 513.0 12 325 29.1 -10.5 1 0.71 Gk B
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Tab. 4 Reservoir flood simulation results of Qingshandian Reservoir after classification

SRR SEBtg AEIG BHUERIXT Sciliti SOt PHEAT M)

ok 2y i MR B 0
HoKS&Eg e . . . o e et R REAH

mm o (s (mes) B0 10w 100 e R AT B
20190811 197.65 41222 40319 -22 384.5 383.0 -0.4 0 0.91 o FEM
Sk 20200706 165.06 3672.5  3768.3 26 277.6 269.6 -2.9 -1 0.93 a8 I

L)

20170627 161.88 3573.8  3663.4 25 439.7 436.3 -0.8 0 0.89 oK BEM
20130607 175.94 31252  3208.4 2.7 370.0 3813 3.1 -2 0.96 Gt e
20190713 14642 2821.1 28521 1.1 161.1 154.2 -43 0 0.90 oK FEM
20080610 111.36 2790.0  2503.6 -10.3 186.0 180.3 -3.1 1 0.85 HA% BRIE
20080618 139.87 27656  2896.6 47 168.7 162.3 -3.8 1 0.89 H8 BIE
20190621 128.77 25117  2563.6 2.1 126.6 129.4 22 -2 0.88 G FEN
K 20110619 10926 24865 2531.9 1.8 138.6 139.9 1.0 0 0.92 o FEM
20110615 132.18 2207.8 24847 125 153.9 160.2 4.1 -1 0.86 oK BEM
20130627 106.00 18850  1883.9 -0.1 103.5 99.7 -3.7 0 0.92 oK BEM
20180621 127.39 18794  1636.7 -12.9 137.0 139.8 2.0 0 0.81 Gt e
20140513 122.00 18323 1 870.1 2.1 139.2 141.9 1.9 0 0.93 A FEl
20150608 97.59 17283  1902.1 10.1 78.6 80.4 22 0 0.93 A BEM
20160625 101.00  1587.6 1590.5 0.2 50.1 49.0 22 0 0.90 At RE

20140621  97.50 15283 15333 0.3 66.6 63.0 -5.4 1 0.83 Gt FES
20100714 6241 15184  1498.1 -13 54.2 525 -3.1 0 0.85 AR IR
20180423  70.90  1450.4 1504.9 3.8 51.8 55.3 6.8 0 0.93 oK FEM
20150623 5450 1449.0 13629 -5.9 433 432 -0.3 0 0.87 A BEM
20160529 59.35 14212 12547 -11.7 21.6 21.4 -1.0 0 0.76 ot e
20120808 88.81 1412.8 1325.6 —-6.2 27.1 28.8 6.2 1 0.77 At RE
20100306 5479 13123 12073 -8.0 38.1 373 2.0 -1 0.81 A FEM
20090728  89.85  1274.1 12432 2.4 743 69.4 -6.6 0 0.77 oK BEM
20150809 106.50 1236.7 13152 6.3 71.5 73.7 3.1 0 0.93 AR I
20150821 81.50 11512 1240.8 7.8 63.1 61.3 -2.9 0 0.85 Gt IRUE
NIK 20200621 52.60 11116 11346 2.1 78.8 80.1 1.6 0 0.92 ot e
20140715 6424 1097.4 998.2 -9.0 21.9 21.3 -2.9 -1 0.84 At REN
20100303  80.74  1094.5 1063.5 -2.8 25.6 26.7 4.4 -2 0.93 A% BRUEH
20160929 33.00 10672 11233 5.3 52.1 56.6 8.6 0 0.92 oK FEM
20170612 37.90 982.8 10153 3.3 86.7 922 6.4 2 0.94 oK FEM
20160406  48.73 955.2 953.3 -0.2 66.7 67.3 0.9 -2 0.89 A BEM
20110717  97.15 853.0 835.2 -2.1 47.0 48.1 22 1 0.96 ot e
20170319  33.84 716.4 675.8 -5.7 30.1 343 14.0 1 0.91 At REN
20110831  57.63 662.0 643.1 -29 46.3 46.2 -0.3 0 0.92 A FEM
20200604  34.19 657.3 602.8 -8.3 27.7 25.7 -7.1 0 0.80 A BRI
20120306  38.20 520.0 536.7 3.2 49.8 49.5 -0.7 -1 0.84 oK FEM
20120426  44.00 507.0 536.7 5.9 32.5 32.1 -13 1 0.84 A BEM
20130430  64.50 507.0 511.2 0.8 325 30.1 -73 1 0.72 At RE
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Tab. 5 Pearson correlation coefficient of cumulative rainfall during the period

. B Bt
1h 3h 6h 24h
20190811 37.21 96.47 178.22 197.65
20200706 34.74 87.49 144.89 165.06
Ktk
20170627 36.47 73.62 132.59 161.88
20130607 37.34 81.56 150.31 175.94
20190713 38.27 71.22 108.47 146.42
20080610 29.00 52.73 99.56 111.36
20080618 23.07 65.85 103.54 139.87
20190621 23.15 63.21 87.07 128.77
rhikok 20110619 29.52 50.84 94.10 109.26
20110615 31.80 62.31 87.05 132.18
20130627 38.47 69.87 93.50 106.00
20180621 21.36 60.63 85.12 127.39
20140513 36.40 75.44 99.77 122.00
20150608 16.74 38.25 95.42 97.59
20160625 19.20 45.54 81.15 101.00
20140621 2220 48.54 96.67 97.50
20100714 23.86 41.13 60.12 62.41
20180423 12.90 33.24 62.05 70.90
L 20150623 14.06 26.63 52,01 54.50
[440h]
fH/mm 20160529 11.70 27.86 52.10 59.35
20120808 19.41 43.00 83.20 88.81
20100306 16.46 26.71 52.05 54.79
20090728 21.61 43.16 82.77 89.85
20150809 17.86 32.77 64.58 106.50
20150821 22.34 39.67 77.17 81.50
YN 20200621 10.25 24.61 45.86 52.60
20140715 16.56 29.69 54.53 64.24
20100303 18.26 36.67 65.95 80.74
20160929 8.34 15.64 29.56 33.00
20170612 8.82 17.73 33.02 37.90
20160406 7.89 22.15 39.85 48.73
20110717 27.31 46.62 59.35 97.15
20170319 7.83 16.18 30.88 33.84
20110831 16.80 37.93 54.10 57.63
20200604 8.18 16.07 30.10 34.19
20120306 7.98 18.35 35.19 38.20
20120426 7.70 21.13 40.51 44.00
20130430 18.27 41.95 53.31 64.50
B IRHMARE R E 0.79 0.87 0.92 0.90
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Flood forecast of the Qingshandian Reservoir based on flood-based classification

XU Zhigang', LIU Fengyu’, CHEN Ruigang’, YANG Lili‘', KANG Aiqing’
(1. Hangzhou Forestry Water Conservancy Bureau, Hangzhou 310014, China; 2. Yunli Intelligent Technology Co., Ltd., Beijing 100037, China;
3. Zhejiang Qiantang River Basin Center, Hangzhou 310020, China; 4. Beijing Heyuan Technology Co., Ltd., Beijing 100086, China;
5. China Institute of Water Resources and Hydropower Research, Beijing 100038, China )

Abstract: To enhance the accuracy of flood forecasting and mitigate prediction errors resulting from the utilization
of a single parameter set across the entire hydrological model basin, various corresponding parameters were
employed in distinct precipitation scenarios.

The research focused on Qingshandian Reservoir, where historical floods were categorized into three levels:
large, medium, and small. The Xin'anjiang model and SCE-UA parameter optimization algorithm were employed to
investigate the correlation between cumulative rainfall and measured flood peak flow, utilizing the Pearson
correlation coefficient. The parameter application index was determined as the maximum 6 h cumulative rainfall
exhibiting the strongest correlation. Flood verification and prediction were subsequently performed utilizing the
corresponding parameter set.

The findings indicated that when floods were not classified, the overall pass rate for 38 floods stood at 92.1%,
with an average deterministic coefficient of 0.82. Following the classification of floods into large, medium, and
small categories, flood process simulation was conducted. Consequently, the pass rate for large, medium, and small
floods reached 100%, accompanied by average deterministic coefficients of 0.92, 0.88, and 0.87, respectively,
resulting in an overall average deterministic coefficient of 0.88. The classification demonstrated enhancements in
both the pass rate and deterministic coefficient for each individual flood, contributing to an improved fitting effect.
Furthermore, an analysis was conducted on the correlation between flood peak flow and maximum rainfall within 1 h,
3 h, 6 h, and 24 h, based on the Pearson correlation coefficient. Results revealed that the maximum 6 h rainfall
exhibited the highest Pearson correlation coefficient with flood peak flow. Accordingly, the maximum 6-hour
cumulative rainfall during the forecast period was employed as the criterion for determining large, medium, and
small parameters.

In the actual flood forecasting during the 2021 flood season, all flood forecast results were deemed satisfactory.
Notably, four significant and medium-sized floods exhibited a strong fitting degree and high deterministic
coefficient. The flood forecasting accuracy, predicated on flood classification, demonstrated a high level of

reasonableness and feasibility, thereby offering valuable reference for reservoir flood control.

Key words: Qingshandian Reservoir; Xin'anjiang model; flood grade division; correlation analysis; Pearson

correlation coefficient
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