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Fig. 1 Beijing-Shijiazhuang section of middle route of South-to-North Water Transfer Project
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Tab. 2 Calculation results of regression analysis
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&,- bi f‘i Tw Ta
M2 2018—2019, 2019—2020. 2020—2021 0.920 0.076 0.415 0.991 <0.001 <0.001 1.345
Ma; 2018—2019, 2019—2020, 2020—2021 0.899 0.101 0.785 0.981 <0.001 <0.001 1.409
M3y 2018—2019. 2019—2020. 2020—2021 0.883 0.095 0.158 0.957 <0.001 <0.001 1.459
Mys 2016—2017, 2018—2019, 2020—2021 0.877 0.078 0.578 0.981 <0.001 <0.001 1.354
Mse 2016—2017, 2018—2019. 2020—2021 0.926 0.072 0.248 0.976 <0.001 <0.001 1.337
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Tab. 3 Evaluation index of prediction results of regression model

MR 5 UL /d VKIAAFRE T4 DC RMSE MAE loa €max
Msg 1 2016—2017, 2018—2019, 2020—2021 2018 0.98 0.05 0.17 0.21 0.60
My 2 2018—2019., 2016—2017, 2020—2021 2018 0.96 0.11 0.25 0.32 0.70
M 3 2018—2019. 2016—2017, 2020—2021 2018 0.94 0.15 0.28 0.40 1.05
Mo 4 2018—2019. 2016—2017, 2020—2021 2018 0.94 0.14 0.28 0.38 1.10
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Regression model of water temperature in winter for the Beijing-Shijiazhuang

Section of middle route of South-to-North Water Transfer Project

LI Chengxi', DUAN Wengang', MA Xiao’, HUANG Minghai'

( 1. Changjiang River Scientific Research Institute of Changjiang Water Resources Commission , Wuhan 430102, China; 2. Construction

Administration Bureau of the Middle Route of South-to-North Water Transfer Project, Beijing 100038, China )

Abstract: As a strategic infrastructure project to solve the uneven distribution of water resources in China, the

middle route of South-to-North Water Transfer Project was increasingly dependent in Beijing, Tianjin and other

water receiving areas due to its good quality and stable water supply. In winter, the water temperature of the open

channel gradually decreased with the air temperature, and there was ice in the canal north of Anyang. When the

=360 -

HAKMBLSLEIRGATLAALSARKALR


https://doi.org/10.13476/j.nsbdqk.slxb.2021.0039
https://doi.org/10.13476/j.nsbdqk.slxb.2021.0039
https://doi.org/10.13476/j.nsbdqk.slxb.2021.0039
https://doi.org/10.13476/j.nsbdqk.slxb.2021.0039
https://doi.org/10.13476/j.nsbdqk.slxb.2021.0039
https://doi.org/10.13476/j.nsbdqk.slxb.2021.0039
https://doi.org/10.13476/j.nsbdqk.slxb.2021.0039
https://doi.org/10.6052/0459-1879-20-407
https://doi.org/10.6052/0459-1879-20-407
https://doi.org/10.6052/0459-1879-20-407
https://doi.org/10.13243/j.cnki.slxb.20210483
https://doi.org/10.13243/j.cnki.slxb.20210483
https://doi.org/10.13243/j.cnki.slxb.20200550
https://doi.org/10.13243/j.cnki.slxb.20200550
https://doi.org/10.13243/j.cnki.slxb.20200550
https://doi.org/10.13243/j.cnki.slxb.20200550
https://doi.org/10.12170/20200428003
https://doi.org/10.12170/20200428003
https://doi.org/10.12170/20200428003
https://doi.org/10.12170/20200428003
https://doi.org/10.3321/j.issn:0559-9350.2009.11.020
https://doi.org/10.3321/j.issn:0559-9350.2009.11.020
https://doi.org/10.13243/j.cnki.slxb.2013.07.005
https://doi.org/10.13243/j.cnki.slxb.2013.07.005
https://doi.org/10.13243/j.cnki.slxb.2013.07.005
https://doi.org/10.3969/j.issn.1004-7700.2008.04.016
https://doi.org/10.3969/j.issn.1004-7700.2008.04.016
https://doi.org/10.13476/j.cnki.nsbdqk.2016.06.017
https://doi.org/10.13476/j.cnki.nsbdqk.2016.06.017
https://doi.org/10.13476/j.cnki.nsbdqk.2016.06.017
https://doi.org/10.13476/j.cnki.nsbdqk.2016.06.017
https://doi.org/10.13476/j.cnki.nsbdqk.2016.06.017
https://doi.org/10.16232/j.cnki.1001-4179.2015.22.023
https://doi.org/10.16232/j.cnki.1001-4179.2015.22.023
https://doi.org/10.16232/j.cnki.1001-4179.2015.22.023
https://doi.org/10.1061/(asce)0733-9429(1991)117:7(851)
https://doi.org/10.1061/(asce)0733-9429(1991)117:7(851)
https://doi.org/10.1061/(asce)0733-9429(1991)117:7(851)
https://doi.org/10.1061/(asce)0733-9429(1991)117:7(851)
https://doi.org/10.1061/(asce)0733-9429(1991)117:7(851)
https://doi.org/10.3969/j.issn.2096-5419.2021.03.002
https://doi.org/10.3969/j.issn.2096-5419.2021.03.002
https://doi.org/10.3969/j.issn.2096-5419.2021.03.002
https://doi.org/10.3969/j.issn.2096-5419.2021.03.002
10.26914/c.cnkihy.2019.097488
10.26914/c.cnkihy.2019.097488
10.26914/c.cnkihy.2019.097488
https://doi.org/10.13928/j.cnki.wrahe.2018.03.018
https://doi.org/10.13928/j.cnki.wrahe.2018.03.018
https://doi.org/10.13928/j.cnki.wrahe.2018.03.018
https://doi.org/10.13928/j.cnki.wrahe.2021.S2.074
https://doi.org/10.13928/j.cnki.wrahe.2021.S2.074
https://doi.org/10.13928/j.cnki.wrahe.2021.S2.074
https://doi.org/10.13928/j.cnki.wrahe.2021.S2.074
https://doi.org/10.13928/j.cnki.wrahe.2021.S2.074
https://doi.org/10.13928/j.cnki.wrahe.2021.S2.074
https://doi.org/10.13928/j.cnki.wrahe.2021.S2.074
https://doi.org/10.13928/j.cnki.wrahe.2021.S2.074
10.26914/c.cnkihy.2019.097482
https://doi.org/10.19733/j.cnki.1672-9900.2006.01.003
https://doi.org/10.19733/j.cnki.1672-9900.2006.01.003
https://doi.org/10.19733/j.cnki.1672-9900.2006.01.003
https://doi.org/10.13476/j.nsbdqk.slxb.2021.0039
https://doi.org/10.13476/j.nsbdqk.slxb.2021.0039
https://doi.org/10.13476/j.nsbdqk.slxb.2021.0039
https://doi.org/10.13476/j.nsbdqk.slxb.2021.0039
https://doi.org/10.13476/j.nsbdqk.slxb.2021.0039
https://doi.org/10.13476/j.nsbdqk.slxb.2021.0039
https://doi.org/10.13476/j.nsbdqk.slxb.2021.0039
https://doi.org/10.6052/0459-1879-20-407
https://doi.org/10.6052/0459-1879-20-407
https://doi.org/10.6052/0459-1879-20-407
https://doi.org/10.13243/j.cnki.slxb.20210483
https://doi.org/10.13243/j.cnki.slxb.20210483
https://doi.org/10.13243/j.cnki.slxb.20200550
https://doi.org/10.13243/j.cnki.slxb.20200550
https://doi.org/10.13243/j.cnki.slxb.20200550
https://doi.org/10.13243/j.cnki.slxb.20200550
https://doi.org/10.12170/20200428003
https://doi.org/10.12170/20200428003
https://doi.org/10.12170/20200428003
https://doi.org/10.12170/20200428003
https://doi.org/10.3321/j.issn:0559-9350.2009.11.020
https://doi.org/10.3321/j.issn:0559-9350.2009.11.020
https://doi.org/10.13243/j.cnki.slxb.2013.07.005
https://doi.org/10.13243/j.cnki.slxb.2013.07.005
https://doi.org/10.13243/j.cnki.slxb.2013.07.005
https://doi.org/10.3969/j.issn.1004-7700.2008.04.016
https://doi.org/10.3969/j.issn.1004-7700.2008.04.016
https://doi.org/10.13476/j.cnki.nsbdqk.2016.06.017
https://doi.org/10.13476/j.cnki.nsbdqk.2016.06.017
https://doi.org/10.13476/j.cnki.nsbdqk.2016.06.017
https://doi.org/10.13476/j.cnki.nsbdqk.2016.06.017
https://doi.org/10.13476/j.cnki.nsbdqk.2016.06.017
https://doi.org/10.16232/j.cnki.1001-4179.2015.22.023
https://doi.org/10.16232/j.cnki.1001-4179.2015.22.023
https://doi.org/10.16232/j.cnki.1001-4179.2015.22.023
https://doi.org/10.1061/(asce)0733-9429(1991)117:7(851)
https://doi.org/10.1061/(asce)0733-9429(1991)117:7(851)
https://doi.org/10.1061/(asce)0733-9429(1991)117:7(851)
https://doi.org/10.1061/(asce)0733-9429(1991)117:7(851)
https://doi.org/10.1061/(asce)0733-9429(1991)117:7(851)
https://doi.org/10.3969/j.issn.2096-5419.2021.03.002
https://doi.org/10.3969/j.issn.2096-5419.2021.03.002
https://doi.org/10.3969/j.issn.2096-5419.2021.03.002
https://doi.org/10.3969/j.issn.2096-5419.2021.03.002
10.26914/c.cnkihy.2019.097488
10.26914/c.cnkihy.2019.097488
10.26914/c.cnkihy.2019.097488
https://doi.org/10.13928/j.cnki.wrahe.2018.03.018
https://doi.org/10.13928/j.cnki.wrahe.2018.03.018
https://doi.org/10.13928/j.cnki.wrahe.2018.03.018
https://doi.org/10.13928/j.cnki.wrahe.2021.S2.074
https://doi.org/10.13928/j.cnki.wrahe.2021.S2.074
https://doi.org/10.13928/j.cnki.wrahe.2021.S2.074
https://doi.org/10.13928/j.cnki.wrahe.2021.S2.074
https://doi.org/10.13928/j.cnki.wrahe.2021.S2.074
https://doi.org/10.13928/j.cnki.wrahe.2021.S2.074
https://doi.org/10.13928/j.cnki.wrahe.2021.S2.074
https://doi.org/10.13928/j.cnki.wrahe.2021.S2.074
10.26914/c.cnkihy.2019.097482
https://doi.org/10.19733/j.cnki.1672-9900.2006.01.003
https://doi.org/10.19733/j.cnki.1672-9900.2006.01.003
https://doi.org/10.19733/j.cnki.1672-9900.2006.01.003
https://doi.org/10.13476/j.nsbdqk.slxb.2021.0039
https://doi.org/10.13476/j.nsbdqk.slxb.2021.0039
https://doi.org/10.13476/j.nsbdqk.slxb.2021.0039
https://doi.org/10.13476/j.nsbdqk.slxb.2021.0039
https://doi.org/10.13476/j.nsbdqk.slxb.2021.0039
https://doi.org/10.13476/j.nsbdqk.slxb.2021.0039
https://doi.org/10.13476/j.nsbdqk.slxb.2021.0039
https://doi.org/10.6052/0459-1879-20-407
https://doi.org/10.6052/0459-1879-20-407
https://doi.org/10.6052/0459-1879-20-407
https://doi.org/10.13243/j.cnki.slxb.20210483
https://doi.org/10.13243/j.cnki.slxb.20210483
https://doi.org/10.13243/j.cnki.slxb.20200550
https://doi.org/10.13243/j.cnki.slxb.20200550
https://doi.org/10.13243/j.cnki.slxb.20200550
https://doi.org/10.13243/j.cnki.slxb.20200550
https://doi.org/10.12170/20200428003
https://doi.org/10.12170/20200428003
https://doi.org/10.12170/20200428003
https://doi.org/10.12170/20200428003
https://doi.org/10.3321/j.issn:0559-9350.2009.11.020
https://doi.org/10.3321/j.issn:0559-9350.2009.11.020
https://doi.org/10.13243/j.cnki.slxb.2013.07.005
https://doi.org/10.13243/j.cnki.slxb.2013.07.005
https://doi.org/10.13243/j.cnki.slxb.2013.07.005
https://doi.org/10.3969/j.issn.1004-7700.2008.04.016
https://doi.org/10.3969/j.issn.1004-7700.2008.04.016
https://doi.org/10.13476/j.cnki.nsbdqk.2016.06.017
https://doi.org/10.13476/j.cnki.nsbdqk.2016.06.017
https://doi.org/10.13476/j.cnki.nsbdqk.2016.06.017
https://doi.org/10.13476/j.cnki.nsbdqk.2016.06.017
https://doi.org/10.13476/j.cnki.nsbdqk.2016.06.017
https://doi.org/10.16232/j.cnki.1001-4179.2015.22.023
https://doi.org/10.16232/j.cnki.1001-4179.2015.22.023
https://doi.org/10.16232/j.cnki.1001-4179.2015.22.023
https://doi.org/10.13476/j.nsbdqk.slxb.2021.0039
https://doi.org/10.13476/j.nsbdqk.slxb.2021.0039
https://doi.org/10.13476/j.nsbdqk.slxb.2021.0039
https://doi.org/10.13476/j.nsbdqk.slxb.2021.0039
https://doi.org/10.13476/j.nsbdqk.slxb.2021.0039
https://doi.org/10.13476/j.nsbdqk.slxb.2021.0039
https://doi.org/10.13476/j.nsbdqk.slxb.2021.0039
https://doi.org/10.6052/0459-1879-20-407
https://doi.org/10.6052/0459-1879-20-407
https://doi.org/10.6052/0459-1879-20-407
https://doi.org/10.13243/j.cnki.slxb.20210483
https://doi.org/10.13243/j.cnki.slxb.20210483
https://doi.org/10.13243/j.cnki.slxb.20200550
https://doi.org/10.13243/j.cnki.slxb.20200550
https://doi.org/10.13243/j.cnki.slxb.20200550
https://doi.org/10.13243/j.cnki.slxb.20200550
https://doi.org/10.12170/20200428003
https://doi.org/10.12170/20200428003
https://doi.org/10.12170/20200428003
https://doi.org/10.12170/20200428003
https://doi.org/10.3321/j.issn:0559-9350.2009.11.020
https://doi.org/10.3321/j.issn:0559-9350.2009.11.020
https://doi.org/10.13243/j.cnki.slxb.2013.07.005
https://doi.org/10.13243/j.cnki.slxb.2013.07.005
https://doi.org/10.13243/j.cnki.slxb.2013.07.005
https://doi.org/10.3969/j.issn.1004-7700.2008.04.016
https://doi.org/10.3969/j.issn.1004-7700.2008.04.016
https://doi.org/10.13476/j.cnki.nsbdqk.2016.06.017
https://doi.org/10.13476/j.cnki.nsbdqk.2016.06.017
https://doi.org/10.13476/j.cnki.nsbdqk.2016.06.017
https://doi.org/10.13476/j.cnki.nsbdqk.2016.06.017
https://doi.org/10.13476/j.cnki.nsbdqk.2016.06.017
https://doi.org/10.16232/j.cnki.1001-4179.2015.22.023
https://doi.org/10.16232/j.cnki.1001-4179.2015.22.023
https://doi.org/10.16232/j.cnki.1001-4179.2015.22.023
https://doi.org/10.1061/(asce)0733-9429(1991)117:7(851)
https://doi.org/10.1061/(asce)0733-9429(1991)117:7(851)
https://doi.org/10.1061/(asce)0733-9429(1991)117:7(851)
https://doi.org/10.1061/(asce)0733-9429(1991)117:7(851)
https://doi.org/10.1061/(asce)0733-9429(1991)117:7(851)
https://doi.org/10.3969/j.issn.2096-5419.2021.03.002
https://doi.org/10.3969/j.issn.2096-5419.2021.03.002
https://doi.org/10.3969/j.issn.2096-5419.2021.03.002
https://doi.org/10.3969/j.issn.2096-5419.2021.03.002
10.26914/c.cnkihy.2019.097488
10.26914/c.cnkihy.2019.097488
10.26914/c.cnkihy.2019.097488
https://doi.org/10.13928/j.cnki.wrahe.2018.03.018
https://doi.org/10.13928/j.cnki.wrahe.2018.03.018
https://doi.org/10.13928/j.cnki.wrahe.2018.03.018
https://doi.org/10.13928/j.cnki.wrahe.2021.S2.074
https://doi.org/10.13928/j.cnki.wrahe.2021.S2.074
https://doi.org/10.13928/j.cnki.wrahe.2021.S2.074
https://doi.org/10.13928/j.cnki.wrahe.2021.S2.074
https://doi.org/10.13928/j.cnki.wrahe.2021.S2.074
https://doi.org/10.13928/j.cnki.wrahe.2021.S2.074
https://doi.org/10.13928/j.cnki.wrahe.2021.S2.074
https://doi.org/10.13928/j.cnki.wrahe.2021.S2.074
10.26914/c.cnkihy.2019.097482
https://doi.org/10.19733/j.cnki.1672-9900.2006.01.003
https://doi.org/10.19733/j.cnki.1672-9900.2006.01.003
https://doi.org/10.19733/j.cnki.1672-9900.2006.01.003
https://doi.org/10.1061/(asce)0733-9429(1991)117:7(851)
https://doi.org/10.1061/(asce)0733-9429(1991)117:7(851)
https://doi.org/10.1061/(asce)0733-9429(1991)117:7(851)
https://doi.org/10.1061/(asce)0733-9429(1991)117:7(851)
https://doi.org/10.1061/(asce)0733-9429(1991)117:7(851)
https://doi.org/10.3969/j.issn.2096-5419.2021.03.002
https://doi.org/10.3969/j.issn.2096-5419.2021.03.002
https://doi.org/10.3969/j.issn.2096-5419.2021.03.002
https://doi.org/10.3969/j.issn.2096-5419.2021.03.002
10.26914/c.cnkihy.2019.097488
10.26914/c.cnkihy.2019.097488
10.26914/c.cnkihy.2019.097488
https://doi.org/10.13928/j.cnki.wrahe.2018.03.018
https://doi.org/10.13928/j.cnki.wrahe.2018.03.018
https://doi.org/10.13928/j.cnki.wrahe.2018.03.018
https://doi.org/10.13928/j.cnki.wrahe.2021.S2.074
https://doi.org/10.13928/j.cnki.wrahe.2021.S2.074
https://doi.org/10.13928/j.cnki.wrahe.2021.S2.074
https://doi.org/10.13928/j.cnki.wrahe.2021.S2.074
https://doi.org/10.13928/j.cnki.wrahe.2021.S2.074
https://doi.org/10.13928/j.cnki.wrahe.2021.S2.074
https://doi.org/10.13928/j.cnki.wrahe.2021.S2.074
https://doi.org/10.13928/j.cnki.wrahe.2021.S2.074
10.26914/c.cnkihy.2019.097482
https://doi.org/10.19733/j.cnki.1672-9900.2006.01.003
https://doi.org/10.19733/j.cnki.1672-9900.2006.01.003
https://doi.org/10.19733/j.cnki.1672-9900.2006.01.003

ZRE.F BALEFEIETEBAZKERETHMNHER

water temperature dropped below 0.5 °C, a large number of ice crystals began to form. In order to prevent ice jam,
the safe water delivery flow under the ice sheet was only 31.6% ~ 47.6% of the design flow. There was a huge
contradiction between the increasing water demand in north China and the declining water delivery capacity of the
project in ice period. Ice condition prediction was an important means to solve the safe operation of water
conveyance in the ice period of the project, meet the control requirements of water level and flow under various
complex operating conditions, and ensure the safe and efficient operation of the middle route of South-to-North
Water Transfer Project. Water temperature prediction model was the most important sub model in ice condition
prediction. The occurrence and evolution process of ice condition was closely related to water temperature factors.

According to the characteristics of linear, unidirectional and sequential flow in open channel, a calculation
model based on initial section water temperature along the temperature chain was established. Based on the data of
meteorological and water temperature during the ice period in 2019, 2020 and 2021, five groups of 15 regression
parameter models of water temperature prediction in the prediction period of 1 - 5 days in the 217.5 km canal
section from Hutuo River Siphon outlet sluice (K 980 + 263) to the North Juma River culvert inlet sluice (K 1197 +
773) at the northernmost end of the main canal were established.

Based on the analysis and sorting of the field measurement data of water transmission in winter since the first
water supply of the whole line of the project, according to the statistical data of North Juma River canal segment
from 2015 to 2022, the freezing of ice carapace only accounted for 14% of the whole ice period. The minimum
value of R’ in regression models was 0.957 and the maximum value was 0.991. Using the data of 2018 for prediction
test, the DC values of each group of model test could reach 0.90. Taking the North Juma River station as the
prediction section, the RMSE values of 1 - 5 day forecast period were 0.05, 0.11, 0.15, 0.14 and 0.22 respectively,
and the MAE values were 0.17, 0.25, 0.28, 0.28 and 0.37 respectively, which increased regularly with the growth of
the forecast period.

The water transmission dispatching mode in winter had a lot of room to optimize. Water temperature could be
used as the judgment basis for the initiation and development of ice condition. Water temperature T, and air

temperature 7,  had a good interpretation to the water temperature 7, and the predicted value and the observed

(n+1),i+12

value was matched well. The method to establish the model had a certain practical value.

Key words: middle route of South-to-North Water Transfer; water temperature; prediction; ice condition; regression

model
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