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Fig. 1 Statistics of ice jam in Inner Mongolia section of Yellow River
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Tab. 1 Basic features of Inner Mongolia reach

Wi (SRS E=ribC| A8 3% DSk
B /km 204. 40 125. 90 58. 00 115. 80 143.10
HeRE /% 0.15 0.11 0. 09 0.11 0. 84
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Tab. 2 Roughness coefficient of ice sheet at clifferent time after freezing
V&5 1~10d 11~30d 31~50 d =>51d
TorK vk HERR 0. 080~0. 040 0. 050~0. 020 0. 030~0. 015 0.025~0. 015
K oKHERR 0. 100~0. 050 0. 060~0. 030 0. 040~0. 025 0. 030~0. 020
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Tab. 3 Relevant measured data of Toudaoguai station

H# Wit/ (m? » s JKAE/m Wi/ (m e s™h) W HH B4 HephAs/ (k) « kg™! « C1)
2015-12-21 230 987.13 0. 324 1.309 77X10° 4,212
2015-12-26 226 987.03 0. 376 9.744 08X107° 4,212
2016-01-01 331 987. 42 0. 496 5.557 98 X107° 4,212
2016-01-06 374 987. 46 0. 549 4.533 19X107°¢ 4.212
2016-01-11 386 987. 52 0. 566 4.260 10X107° 4.212
2016-01-16 400 987. 57 0.596 3.838 37X 1076 4.212
2016-01-21 375 987. 42 0. 556 4,423 14X10°° 4.212
2016-01-26 315 987. 30 0. 494 5.615 92X 1076 4,212
2016-02-01 368 987. 48 0. 624 3.507 63X10°° 4.212
2016-02-06 352 987. 48 0.597 3.832 08X107° 4.212
2016-02-11 375 987. 62 0. 635 3.378 15X10°° 4,212
2016-02-16 410 987.73 0. 692 2.838 61X10°° 4.212
2016-02-21 425 987. 80 0. 664 3.078 96X 106 4.212
2016-02-26 167 987. 88 0. 679 2.939 96 10— 4,212
2016-03-01 480 987.91 0. 697 2. 788 49 10— 4.212
2016-03-06 500 988. 03 0.711 2. 673 67X 10~ 4.212
2016-03-11 510 988. 11 0.693 2810 11X10 4,212
2016-03-16 526 988. 23 0.671 2,990 61X 105 4.212

HRAE 20152017 45 E4 22 i #h 5 Sk 38 45 ) Bt 4
A 3k 11 7 O 00 5 » 30 Ao R A R Sk o
VKESEI T, 7E 20152016 4F A& 2%, 338 3 0
il 55 =T I 3 R S Y R o8 A vk i T B
T BN 3 5 S Sk T B VK UK L PR L R T
S T 50 3 5 W YT 3 A KR T A 0 s
KR SN 26 47 %6 L, 25 SR DL 2. 7E 2016—
2017 4EAZ, B2 00 3t 5 0 S 0 3 B U B
BTEHE K 55 Sk T8 53 D0 3 5 =R s T R
VKUK » BRI O B 22 o 3 D00 oy 5, Sk 00 3l 1) K
TN (R 550 3 Pk JRE S I AR AT LG 25 R T
3, MIE 2.3 0] LA H 3t 300 1000 vk P52 45 s
KRR 22 [0 1 15 25 R T DK SR AR Ak e 34 5 51
m—=,

2 LiEFHIEE =0 O 5 vk ERUNE R SSERT
Fig. 2 Comparison of predicted and measured ice thickness

between Toudaoguai station and sanhuhekou station
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Fig. 3 Comparison of predicted and measured ice thickness

between Bayan Gaole station and Baotou station
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Tab. 4 Comparison of ice thickness values calculated by different formulas AT . m
VKBTS T i 2016-01-21 2016-02-01 2016-02-11 2016-02-21 2016-03-01
Stefan f5 %) 0.524 1 0. 0.642 2 0. 684 0 0.707 1
G — 3 H R A 0.494 1 0. 0.592 3 0.564 1 0.567 1
BlK KRR S KR B H PR AR 0.524 1 0. 0.642 3 0.684 0 0.707 0
AR SRR 0.489 9 0. 0.632 2 0. 564 0 0.536 7
S 0.480 0 0. 0. 620 0 0.550 0 0.520 0

4 LEHGMNHEFRTKEBETHER
Fig. 4 Cumulative winter temperature

variation at Toudaoguai station
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Fig. 5 Comparison of temperature at Toudaoguai station
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Tab. 5 Comparison of ice thickness under extreme weather conditions Hfi;m
VRIS 2010-01-21 2010-02-01 2010-02-11 2010-02-21 2010-03-01
Stefan #7 0.426 1 0.480 7 0.503 1 0.524 2 0.543 0
Bi— i H kA A 0.411 1 0. 460 7 0.478 2 0.494 3 0.508 0
BN VKB S UK R B H R 0.426 1 0.480 7 0.503 2 0.524 3 0.543 0
AR SRR 0.4415 0.471°9 0.513 1 0.536 9 0.521 6
S 0.390 0 0.520 0 0.540 0 0.540 0 0.480 0
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Simulation of ice cover thickness in Inner Mongolia section of Yellow River
WANG Jun, HOU Zhixing
(School of Civil and Hydraulic Engineering , He fei University of Technology , Hefei 230009, China)
Abstract ; Ice thickness cover is an important index to judge and predict the disaster of ice in the Yellow River. The ice thickening
and deglaciation process of the Yellow River during the freeze period is unique. The degree-day model suitable for the Inner
Mongolia section of the Yellow River and the typical value of the empirical coefficient depends on the calibration of the field
measured data. The heat that affects the thickness of ice cover mainly comes from the heat conduction between ice and atmos-
phere and the heat transfer between ice and water. The measured data show that the ice thickness varies greatly at different sta-
tions , which is not only due to the temperature change but also due to the discharge, velocity,and roughness. Based on the proto-
type observation data, the ice cover thickness in the Inner Mongolia section of the Yellow River was simulated.

Colburn analogy method is used to calculate the heat flux under the ice cover, the factors such as river flow rate, water flow
rate, river level slope and ice cover roughness are taken into account,and a model for calculating ice thickness is employed for
degree-day method based on Stefan formula. Relevant parameters of the ice thickness calculation model are calibrated by the
prototype observation data of four stations in the Bayangaolei to Toutaoguai reach. The calibrated model could calculate the ice
thickness through the air temperature and water temperature data. Taking the ice thickness change near Toudaoguai observation
station from 2015 to 2016 as an example, the ice thickness calculation formula introduced by Colburn analogy method is com-
pared with the ice thickness calculation results of other formulas. The temperature data of Toudaoguai Station in the Inner Mon-
golia section of the Yellow River from 2006 to 2017 is analyzed. The ice thickness model is used to calculate the ice thickness
during the freezing period from 2009 to 2010, when the cold degree was the coldest and the accumulated temperature value in
winter was the largest. The results of different ice thickness calculation models under extreme weather conditions are compared.

The results show that the ice thickness calculated by the ice thickness model is close to the measured ice thickness value.
The accuracy of the improved ice thickness calculation model reaches 1. 97 % , which is improved compared with 14. 99% of Ste-
fan model,4. 77% of the unified degree of the maturity model and 14. 98% of dynamic water ice thickness radiation degree of
the maturity model. The trend of ice thickness variation is consistent with the measured ice thickness variation trend. According
to the accumulated temperature values and the characteristics of the temperature series, the temperature data of Toudaoguai sta-
tion from 2006 to 2017 is analyzed. After analyzing the temperature data, it is found that the temperature changes in the short
period of years under extreme weather conditions are more intense, and the average temperature in winter is also lower. For
2009-2010, when the cold degree was the coldest and the accumulated temperature value in winter was the largest, the accuracy

of the model is 7. 34%. In extreme weather, the accuracy of the model is higher,and the changing trend of ice thickness in the
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freeze period is similar to that in normal temperature.

In most degree-day models, the convective heat transfer coefficient between ice cover and water body is calculated as a con-
stant. The ice thickness calculation formula with the introduction of the Colburn analogy is improved in the accuracy of the ice
thickness calculation results because the convective heat transfer coefficient between water and ice cover is not constant when
considering the influence of under ice heat flux on the ice thickness. The calculated results of the model are in good agreement
with the measured ice thickness data, which indicates that the model is suitable for the simulation of ice thickness in the Inner
Mongolia section of the Yellow River, and can be used for the simulation of ice thickness variation at different points in the
reach. The ice thickness calculation results of the improved model under both normal and extreme weather conditions maintain
high accuracy,and the research results can provide a theoretical basis for the ice thickness calculation in the study area under ex-
treme weather conditions.

Key words: ice cover thickness; thermodynamics; degree-day method; Colburn analogy; Yellow River
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chaotic characteristics of the hydrologic process,it is difficult to make accurate forecasting, especially for prediction with longer
lead time at monthly or yearly scale.

The similarity model of phase space is a classical prediction approach based on chaos theory. The prediction approach was
improred by proposing a quantitative type coupled similarity identification technique. The degree of spatial proximity between
two phase points is defined as the "quantity" similarity by the Euclidean distance criterion, while the similarity degree of internal
structure between two phase points is defined as the "type" similarity by the accumulated unit-step function. Moreover,a two-
objective optimization model based on the quantity-type similarity was established for hydrological prediction within the chaos
theory framework and then solved by the tolerant algorithm of stratified sequence. An example was illustrated for the future 12-
month rainfall predictions.

Both the original model and improved model were applied to the Danjiangkou reservoir basin for monthly rainfall predic-
tion. The monthly rainfall in 2016 was predicted based on the monthly rainfall data set from 1981 to 2015. The chaotic charac-
teristics were identified and the related parameters (time delay and embedded dimension) were determined by the autoregressive
function and G-P algorithm. The similar phase points were selected by the euclidean distance (quantity similarity) in the original
model by the coupled "quantity" and "type" similarity in the improved model. For the original model, 6 months showed the ab-
solute of the relative errors less than 25%. For the improved model, 8 months yielded the absolute of the relative errors less
than 25%. Compared to the original model, the annual average of absolute values of relative error in monthly rainfall prediction
was reduced from 44 % to 23%. In contrary to the original model, the correlation coefficient R was lifted from 0. 74 to 0. 93.
Overall, the improved model had better performance for predicting monthly rainfall in most months.

In conclusion, the"quantitative"-"type" similarity predictive model based on chaos theory is effective and feasible, providing
a new way for monthly rainfall prediction. The coupled "quantity-pattern" similarity model was proposed for long-term predic-
tion,and the concept of the model is applicable to hydrological time series forecasting with different lead time scales.

Key words: chaos theory; phase space reconstruction; quantity-type coupled similarity prediction;accumulated unit-step function;

tolerant algorithm of stratified sequence
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