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Fig. 1 The Location and river trend of the Inner Mongolia reach of the Yellow River
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Fig. 2 Average daily discharge change curve in
Bayangaole and Toudaoguai from 2017 to 2018

1.2 sk bR E A H] 3

WITJEA T B TS S R R LE A
S5 R VKUK B S BT 3 2R UK FE kK L pR I ZK
AR KK

FEIAT A K o2 kK 3 R vk koK -5 vkt 7k 41
Ao TR KA I oK FE T8 H A2 LA, KR T b4

FE I TR BT TAT » HERUE BCIUAR K AR 25 Dk 5 SR IR
Pl K e T BT T AN DB A R A A U
T AR L X R B G AR KL A 1 vk
WAL IR A7 A » b 1l TR, 2380 7
N ERUKIROT 4G B 5 0T B K bR
T BT A R K R SRR R BT WK
PR L W3t i AN B A R KK

T3] 4 3K 38 455 L B A A R AR S BT UK
BRBEK BIPET AR T UKL K D058 W e T A
B T VA R L R Ok R PR . O vk
K KPR BN RN, L 2017
2019 4E3GE B3 H ¥t o ], LK 3. ki el
SEATHATZ AT, HEEAE 3 H AP Al B 1 bk
A AR R R R AR B R T AT B
o 52 AT A R KR T R R (5 R TG Y
R SRl B fE B R BRI L o YT R a0 3ok
FRHL I E B ) HEACIR SR T ok MK Sk I8 B
SRR .3 H ) HI R 2 o B Bk {3
L B bR W 25 B AR AR AR E
AT REEKEEACIRZS . 2T 2 R Bk R IR & Tk
BRI RAROL 2 A BT AN [ Gk AR 3l T
T RRLEAHEDRT N I A I A2 1 D0 » 3K I R AR SO B
TR R

320172019 FEX KEHEYRETNH Lk

Fig. 3 Average daily discharge change curve in Baotou and Toudaoguai from 2017 to 2019
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Tab. 1 Channel-storage increment in the river during different ice periods
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Tab. 2 The propagation duration of different discharge in the Inner Mongolia reach of the Yellow River
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Fig. 4 The ice peak discharge hydrograph during the break-up period in Toudaoguai from 2016 to 2019
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Tab. 3 Comparison of measured and calculated discharge in

Toudaoguai during the break-up period from 2016 to 2019
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(m® +s71) (m?«s71) i®%E W/ %
2016 1710 1534 176 10. 29
2017 765 833 68 8. 88
2018 2 050 1930 120 5. 85
2019 977 1 006 29 2.97
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Fig. 5 Average daily discharge change curve in Baotou and Toudaoguai during the break-up period
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Fig. 6 Average daily water temperature change curve in Bayangaole and Toudaoguai during ice period
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Discharge in break-up period in the Inner Mongolia reach of the Yellow River
WANG Kui' , WANG Jun' ,ZHANG Fangxiu®
(1. School of Civil Engineering , He fei University of Technology.Hefei 230009 ,China;
2. Yellow River Institute of Hydraulic Research , Zhengzhou 450003 ,China)

Abstract: Ice and water regime changed drastically due to frozen thaws in the break-up period in Inner Mongolia reach of the
Yellow River,so it is difficult to forecast the flood and the accuracy is low. There are relatively few researches on ice flood fore-
casting methods,and most of the existing research methods focus on the flooding process under open flow condition. Due to the
limitation of the measured data during the ice period, the research on ice floods is far from enough. The Muskingum method and
its derivation method are suitable for the discharge routing under open flow conditions, but how to reflect the characteristics of
discharge routing in ice flood season needs to be studied. Given the characteristics of the channel with unbalanced storage in the
upstream and downstream channels, there is still no better solution in the derivative method of the Muskingum method.

Based on the prototype observation of Inner Mongolia reach of the Yellow River and the measured discharge data during
the ice period, the transformation process of ice and water during the freezing and thawing periods is analyzed,and the ice flood
type is identified by the ice flood characteristics to predict the downstream discharge in advance. The discharge process of Inner
Mongolia reach during the break-up period is calculated. The modified Muskingum method is used to calculate the flood routing
by analogy with the river channel with tributaries. Considering the propagation time of discharge, channel-storage increment
during the freezing period is added into the calculation to calculate the ice peak discharge during the break-up period.

Compared with the flood in flood season, the ice flood occurred during the break-up period, the flood peak spread to the
downstream not only did not flatten but also had a sudden change in the short term. When the temperature changes violently
during the break-up period, the channel-storage increment is released in a short time. Channel-storage increment during the
freezing period is considered, which can solve the problem of the increase of the channel storage in the prediction of discharge
during the break-up period. Root mean square error, average absolute percentage error is used as the evaluation indexes of the
prediction results, Compared with the measured discharge, root mean square error and average absolute percentage error of the
calculated discharge reach the ideal accuracy,and the average absolute percentage error is less than 10. 29%. The ice flood dur-
ing the break-up period is mainly composed of ice dam flood and ice melting flood. According to the transformation process of ice
and water and the characteristics of ice flood, it is found that the sudden change of discharge in ice flood season is mainly caused
by ice dam flood. When ice dam flood occurs, the ice peak discharge increases along the way, with fast-rising rate, large ampli-
tude,and large peak value. When ice melting flood occurs, the water potential is stable,and the discharge difference between up-
stream and downstream is small,and the ice peak discharge is small.

During the break-up period, the increasing ice peak discharge from the upstream to the downstream can easily cause flood
disasters along the river. The application of the modified Muskingum method can predict the sudden change of the downstream
discharge, which has a good prediction effect on the discharge routing in ice flood season during the break-up period and greatly
reduces the influence of ice regime and other uncertain factors on the prediction of ice flood process. The research results can
provide a reference for the discharge forecast during the break-up period and the work of preventing and reducing disasters. In
future, the influence of temperature and other factors on the discharge routing in ice flood season can be considered,and the rela-
tionship between temperature, channel-storage increment,and discharge can be further studied.
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