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Fig. 1 Schematic diagram of the Dawen River Basin
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Fig. 2 Characteristics of historical floods at various stations in the Dawen River Basin
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Fig. 4 Spatial distribution of flood-causing rainfall in the Dawen River Basin
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Tab.2 Statistical analysis of historical characteristics of heavy rainfall in the Beiwang and Loude catchment areas

JeEE X AR il X
G i Bt fe K Rk B /mm 5 5 i B e KK B /mm s s
Th 6h 24h 48h ! 2 1h 6h 24h 48h ! 2
010801 13.1 37.8 56.4 59.6 1.08 0.97 353 115.5 123.6 156.8 1.04 1.05
010805 9.8 287 287 287 1.38 0.74 294 142.5 172.6 1726 0.98 0.96
030905 19.2 98.0 121.4 123.7 0.92 1.04 13.8 327 48.0 502 0.93 0.82
040718 12.7 54.6 106.1 121.8 0.96 0.95 8.7 324 64.0 83.4 1.05 1.07
040801 10.5 44.6 73.1 89.2 0.92 0.82 78 21.0 33.5 40.8 0.95 0.86
040829 103 30.3 100.5 119.8 1.03 0.98 15.5 384 108.3 1244 0.99 0.96
050703 175 68.6 108.9 114.6 0.84 0.95 204 97.4 117.5 162.4 0.97 0.97
050922 112 452 76.8 102.5 1.00 091 13.6 66.5 477 96.8 1.02 1.02
070811 15.1 52.8 87.7 9.2 1.03 0.85 245 572 85.6 92.6 1.00 0.95
070819 145 382 70.9 125.9 1.04 0.90 15.9 86.8 166.9 220.3 1.03 1.00
110915 12.8 409 75.7 1112 0.99 0.96 17.7 56.4 79.0 114.4 0.99 1.00
120711 202 84.8 1422 185.8 1.02 1.02 12.9 52.8 80.0 1322 1.05 1.01
130719 229 418 422 486 0.99 1.06 19.2 32.0 322 35.8 1.01 1.14
130725 15.1 414 54.8 932 1.04 1.08 77 13.5 327 55.4 0.94 0.88
130731 17.1 525 547 89.8 1.04 0.88 133 345 492 69.4 1.00 1.02
160723 14.0 68.8 118.8 137.6 1.04 0.96 133 59.8 98.8 104.7 0.99 0.93
180820 20.1 71.7 148.7 189.4 0.99 0.93 19.0 51.8 129.0 212.1 0.98 0.81
190812 139 722 173.8 2124 1.05 1.00 16.2 78.8 178.8 2172 1.02 1.06
200815 17.0 68.4 76.8 84.1 0.95 1.06 21.0 85.5 101.1 142.1 1.02 0.96
200821 115 418 53.6 57.4 111 0.89 113 382 46.7 53.9 1.01 0.93
210920 12.7 52.0 109.6 1172 0.94 091 9.1 283 50.5 54.9 0.97 0.98
210927 8.8 30.9 62.6 87.0 0.96 0.97 117 39.1 495 723 0.99 1.00
220707 122 59.1 88.4 89.4 1.03 091 8.7 485 86.2 86.9 1.00 1.06
220713 16.1 75.2 98.5 99.0 1.00 0.85 4.9 12.6 16.1 162 0.93 0.73
S 14.5 54.2 88.8 107.5 1.01 0.94 15.5 55.1 83.2 107.0 0.99 0.96

*3 AEXRXERARXERSERAFES T

Tab. 3 Statistical analysis of historical characteristics of heavy rainfall in the Beilouda intervals and Dadai intervals

JERER XA FE X ]
G I B f KK d/mm 5 5 i Bt fee K Rk B /mm s P
Th 6h 24h 48h ! 2 Th 6h 24h 48h ! 2
010801 10.1 44.1 483 56.2 1.03 127 10.8 245 43.0 57.8 0.94 0.87
010805 236 121.1 130.4 148.1 0.93 1.77 134 26.7 414 41.4 1.36 0.73
030905 15.0 63.5 83.1 83.1 0.75 1.93 244 97.8 97.8 102.3 1.08 1.18
040718 18.5 46.7 76.0 86.3 1.01 113 23.4 86.6 135.7 141.4 1.01 1.02
040801 6.2 18.0 27.4 423 1.04 1.12 172 46.0 81.6 146.1 0.93 113
040829 10.0 347 87.4 96.8 0.93 1.74 10.0 40.7 77.0 94.0 1.02 1.07
050703 19.1 82.0 932 131.7 1.05 111 16.5 44.6 50.6 60.1 1.22 0.77
050922 73 36.0 53.4 742 1.03 115 112 61.6 68.7 78.0 1.04 0.98
070811 25.5 502 58.1 67.6 1.04 0.90 18.4 39.5 459 488 1.03 0.75
070819 10.6 40.8 67.8 111.5 112 0.61 2.8 12.3 24.9 322 1.14 0.86
110915 21.1 527 81.7 116.1 1.00 0.99 8.9 316 573 83.5 1.00 1.01
120711 12 326 553 78.6 0.98 1.06 102 36.5 64.7 73.7 1.04 0.84
130719 26.5 35.8 35.8 374 0.94 1.16 232 40.6 41.0 48.0 1.01 1.00
130725 16.7 372 57.9 79.4 0.99 1.01 132 439 73.6 87.3 1.02 1.27
130731 18.6 38.6 435 44.6 1.07 0.78 8.5 14.5 15.8 16.5 1.08 0.56
160723 19.1 45.6 94.0 95.8 1.06 0.82 12.8 55.0 92.1 100.1 1.04 0.93
180820 18.7 55.4 124.6 207.7 1.01 0.98 14.5 54.4 1274 174.6 0.95 1.04
190812 11.8 46.1 1213 143.6 1.04 0.89 55 208 58.5 82.0 1.09 0.76
200815 21.9 68.4 74.3 137.3 1.04 0.45 143 70.3 76.7 142.4 0.99 0.86
200821 49 193 255 28.6 0.98 112 1.8 6.8 10.0 117 1.18 0.94
210920 132 512 86.4 89.5 0.98 1.10 8.6 408 83.2 86.9 0.99 1.05
210927 10.9 357 437 71.0 1.00 1.01 10.1 413 572 87.9 0.95 0.98
220707 10.4 573 88.7 89.7 1.00 1.00 113 582 97.1 97.6 1.04 0.95
220713 3.8 103 14.8 22.1 0.99 1.09 7.8 16.4 258 292 123 0.58

A 14.8 46.8 69.7 89.1 1.00 1.09 12.5 42.1 64.5 80.1 1.06 0.92
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Fig. 7 Kendall rank correlation coefficients of flood characteristics in the Beiwang and Loude catchment areas
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Fig. 8 Precipitation-runoff relationship and runoff coefficients in the Beiwang and Loude catchment areas
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Characteristics of heavy rainfall and floods in the Dawen River Basin from 2001

to 2022 and their relationship analysis

JIA Benyou', LI Dongzhou', YANG Fan', SUN Xiaoming’, GAO Jinjin', SU Kun', BI Zhengzheng’, FAN Ziwu'

(1. Nanjing Hydraulic Research Institute, Nanjing 210029, China; 2. Dongping Lake Authority of Shandong Yellow River Bureau,
Taian 271018, China; 3. School of Water Conservancy, North China University of Water Resources and Electric Power, Zhengzhou
450046, China)

Abstract: Understanding the characteristics of actual heavy rainfall and floods in a river basin, summarizing the
characteristics of floods and their response to flood-causing rainfall, and studying the runoff generation and flow rules
are of great significance for accurate and detailed simulation and prediction of floods in the basin. Taking the Dawen
River Basin as the study area, based on the observed rainfall and flood time series data from 2001 to 2022, the
characteristics of episodic heavy rainfall and floods were analyzed. Indicators such as precipitation spatial moments and
flood concentration were selected to characterize the characteristics of heavy rainfall and floods. The Kendall rank
correlation analysis was used to study the response relationship between heavy rainfall and floods, and the precipitation-
runoff relationship in the basin was statistically analyzed. The results show that: (1) The rainfall in the Dawen River
Basin exhibits a characteristic of more rainfall in the east and less in the west, and the heavy rainfall events
corresponding to floods often cover 1/3 to 1/2 of the entire basin, with the center of heavy rainfall mostly concentrated
near large and medium-sized reservoirs in the upper reaches. (2) The total amount of floods in the sub-basin of the
North Branch of the Mouwen River is relatively large and is the main source of floods in the Dawen River Basin. The
flood characteristics are weakly positively correlated with the intensity of flood-causing rainfall, but negatively
correlated with the first-order precipitation spatial moment, indicating that the sub-basin has strong storage capacity. In
contrast, the sub-basin of the South Branch of the Chaiwen River shows the opposite trend. (3) The flood runoff in the
Dawen River Basin is mainly controlled by storage runoff with some infiltration runoff. In the past 22 years, there has
been very little runoff in the Da-Dai section, which is closely related to the special water-rich geological conditions and
irrigation water diversion in this section. Therefore, special attention should be paid to this section in hydrological

simulation and flood forecasting in the basin.

Key words: episodic heavy rainfall and floods; Kendall rank correlation analysis; precipitation-runoff relationship;

runoff generation mechanism; Dawen River Basin
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