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Abstract: In order to improve the accuracy of flood forecasting in the upper Huaihe River Basin, the cointegration theory
and error correction model ( ECM) in econometrics were introduced for real-time correction of flood forecasting.

Meanwhile, for solving the problem that the autoregressive (AR) model is not able to simulate the non-stationary sequence
and the problem of sequential correlation, the autoregressive error correction model ( ARECM) was constructed based on
the concept of error correction. With the Huaihe River Basin above the Lutaizi station used as the study area, 1- to 3-order
AR model, ECM and ARECM were constructed respectively to correct the simulation results of the distributed vertical mixed
runoff generation model. The correction results of different correction models regarding 10 floods’ forecasting from 2003 to
2014 in the upper Huaihe River Basin were analyzed and compared using five evaluation indexes, including the correction
effect evaluation coefficient, deterministic coefficient, relative error of flood peak, relative error of runoff depth, and error
of time to flood peak. The results show that the forecasted flood in the upper Huaihe River Basin is effectively corrected by
the three real-time correction models. The correction performance of the AR model is relatively worse, and after two floods
that have non-stationary error sequences are excluded, the average correction effect evaluation coefficient is 0. 20 ; ECM can
effectively correct forecasted floods, and the average correction effect evaluation coefficient is 0. 76; the correction

performance of ARECM is better as compared to the traditional AR model, and the correction effect of flood peak is
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significantly improved, with the average correction effect evaluation coefficient being 0. 98 , demonstrating that ARECM can

be well applied to real-time correction of flood forecasting in the upper Huaihe River Basin.

Key words: cointegration theory; error correction model; autoregressive model; real-time correction; the upper Huaihe

River Basin
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Fig.1 Schematic diagram of water system and

stations in river basin above Lutaizi station
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Table 1 Results of flood simulation in river basin above Lutaizi station

BhE: o ok it/ iiﬂﬂ (e Tﬁtﬁuﬁé?ﬁi ﬁé“bﬁ‘?%*ﬁ SNk /ﬂ WA X 14 W ﬁ*:_fﬁlk o
mm R/ mm Wmm  SFRE% (m® -s7h) (md -s7) RE/PR Hf 2£/h B ey
20030620 1000.3 400.5 291.4 -27.24 7820 8780 12.28 -37 0.48 w5
20060624 228.6 31.6 27.6 -12.66 2190 2590 18.26 -16 0.77 =
20060721 196.8 51.7 49.5 -4.26 2520 2540 0.79 -8 0.95 =
s 20070627 591.5 253.3 208.8 -17.57 7970 9140 14.68 19 0.54 w
] 20080415 87.6 21.1 19.6 -7.11 2450 2460 0.41 -1 0.93 b
20100629 253.1 86.7 74.5 -14.07 4630 4600 -0.65 56 0.88 =
20120907 81.8 19.2 16.4 -14.58 2260 2600 15.04 0 0.56 =
20140827 100.9 17.1 19.0 11.11 2480 2200 -11.29 -27 0.86 =
Koo 20050706 751.7 389.1 376.8 -3.16 6650 6440 -3.14 -3 0.89 =
20100811 287.1 88.9 74.5 -16.20 3020 3970 31.46 35 0.54 =
SEH(E 357.9 107.8 115.8 7.42 4200 4530 7.86 2 0.74
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Table 2 Results of ADF test
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Table 3 P values of cointegration test results
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20030620 0.14 0.00 0.00 0.00
20050706 0.00 0.00 0.00 0.00
20060624 0.09 0.11 0.00 0.00
20060721 0.05 0.00 0.00 0.00
20070627 0.02 0.00 0.00 0.00
20080415 0.00 0.04 0.00 0.00
20100629 0.03 0.04 0.00 0.00
20100811 0.00 0.02 0.00 0.00
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20140827 0.47 0.00 0.00 0.00
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Table 4 Statistics of correction effect evaluation coefficient

e ECM #5 %Y AR FEHI ARECM A& 51
n b “m E —p — B — B B
20030620 0.36 0.65 0.74 0.20 0.99 0.37 1.00 0.95 0.98
20050706 0.99 1.00 1.00 -0.09 0.03 0.02 1.00 0.99 1.00
20060624 1.00 1.00 1.00 0.16 0.16 0.22 1.00 1.00 1.00
20060721 0.15 0.18 0.18 -0.12 0.30 0.30 0.97 0.99 0.99
20070627 0.95 0.94 0.95 -0.03 0.05 0.05 1.00 1.00 1.00
20080415 0.99 0.99 0.99 0.40 0.23 0.24 0.95 0.98 0.98
20100629 0.95 0.95 0.97 0.02 0.32 0.32 1.00 0.99 0.99
20100811 0.73 0.74 0.74 0.18 0.21 0.20 1.00 0.99 0.99
20120907 0.52 0.49 0.49 0.35 -13.82 -13.99 1.00 1.00 1.00
20140827 -0.88 0.12 0.11 0.78 0.99 0.99
SEH(E 0.74 0.77 0.78 0.02 -1.14 -1.22 0.97 0.99 0.99
x5 MEMRHIAUTER
Table 5 Statistics of deterministic coefficient
- EIET ECM #5i#Y AR #5i A ARECM ##
et —B S =hr —Br “H =hr —Br S =
20030620 0.48 0.67 0.82 0.86 0.59 0.66 0.68 0.91 0.96 0.99
20050706 0.89 1.00 1.00 1.00 0.88 0.89 0.89 1.00 1.00 1.00
20060624 0.77 1.00 1.00 1.00 0.81 0.81 0.82 1.00 1.00 1.00
20060721 0.95 0.96 0.96 0.96 0.94 0.96 0.96 1.00 1.00 1.00
20070627 0.82 0.99 0.99 0.99 0.81 0.83 0.83 1.00 1.00 1.00
20080415 0.93 1.00 1.00 1.00 0.96 0.95 0.95 1.00 1.00 1.00
20100629 0.88 0.99 0.99 1.00 0.88 0.92 0.92 1.00 1.00 1.00
20100811 0.54 0.87 0.88 0.88 0.63 0.64 0.63 1.00 1.00 0.99
20120907 0.56 0.79 0.78 0.78 0.71 -5.48 -5.55 0.95 0.94 1.00
20140827 0.86 0.73 0.87 0.87 0.97 1.00 1.00
F6 HIEBREFITER B %
Table 6 Statistics of relative error of flood peaks unit; %
"o BT ECM #&78Y AR iR ARECM #71
R —B S = —Hr S = —HBr S =B
20030620 12.24 -23.18 -16.69 -13.86 16.47 0.67 19.43 0.95 1.02 0.67
20050706 -3.13 -0.04 -0.05 -0.05 -3.60 -1.81 -1.84 -0.06 0.25 0.27
20060624 18.40 -0.50 -0.44 -0.39 22.60 22.57 25.11 1.20 1.28 0.95
20060721 0.77 5.16 5.04 4.99 -0.83 3.88 3.87 -0.49 -0.16 -0.11
20070627 8.76 -4.04 -4.15 -3.70 15.67 11.57 11.54 -0.10 -0.09 0.49
20080415 0.60 -41.39 -1.39 -1.39 3.79 3.24 3.22 2.08 1.36 1.36
20100629 -0.75 -4.60 -4.58 -3.27 0.75 4.85 4.83 -0.18 -1.33 -1.30
20100811 31.46 -8.40 -7.99 -7.96 42.39 39.17 39.16 -2.28 -3.36 -3.84
20120907 15.17 -12.70 -12.83 -12.92 24.70 -87.64 -87.74 -0.15 -0.92 -0.93
20140827 -11.41 -26.49 -15.77 -15.38 -7.19 2.07 2.11
SEI(E 10.27 11.11 5.91 5.39 15.73 19.12 21.21 1.47 1.18 1.20
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Table 7 Statistics of error of time to flood peaks unit; h
. JEA T ECM #7 AR Hi%1 ARECM f& 7
s
MR —Br —r = —h —Hr =W —Br 7 =
20030620 =37 -1 -1 -1 -37 0 -36 0 0 0
20050706 -3 -1 0 0 -2 -1 -2 0 -1 0
20060624 -16 -1 -1 -1 -16 -1 -18 -1 -1 1
20060721 -8 -1 -1 -1 -9 1 -7 5 1 -1
20070627 -8 -1 -1 -1 -9 1 -7 5 1 -1
20080415 -1 -1 -1 -1 -6 -1 -7 -1 -1 -1
20100629 56 -1 -1 -1 52 -1 52 -1 -1 -1
20100811 35 -1 -1 -1 35 -1 34 -1 -1 -1
20120907 0 -2 0 0 0 2 0 0
20140827 =27 -1 0 0 0
SEIE 19.10 1.11 0.78 0.78 16.70 0.88 20.38 1.60 0.70 0. 60
T SEIIE R 25 MR e 25 4 X A28 (8
#*8 FEREHEMRESITER BT %
Table 8 Statistics of relative error of runoff depth unit: %
e JEAG T ECM #5751 AR B ARECM #5571
R —Br — =B B —H =B B —h =W
20030620 -27.24 -32.16 -24.13 -20.88 -19.34 2.02 -4.83 1.10 5.19 2.70
20050706 -3.15 -0.13 -0.19 -0.19 -3.83 -0.17 -0.22 -0.13 -0.40 -0.36
20060624 -12.52 -0.39 -0.60 -0.46 -4.86 -4.92 -0.36 0.20 0.47 0.33
20060721 -4.14 8.84 8. 66 8.64 -4.65 -0.07 -0.14 -0.73 -0.22 -0.14
20070627 -5.97 -5.61 -5.68 -5.17 6.72 -0.04 -0.05 -0.12 0.37 0.45
20080415 -7.08 -1.28 -1.27 -1.27 2.39 -0.65 -0.64 2.34 1.47 1.46
20100629 -14.08 -4.39 -4.39 -3.14 -9.97 -1.33 -1.38 0.12 -1.54 -1.51
20100811 -16.12 —-18.80 -18.39 -18.39 9.44 0.75 0.64 -1.54 -2.68 -3.05
20120907 -22.15 -22.94 -23.51 -23.68 -7.42 -115.00 -115.65 -0.17 -0.78 -0.80
20140827 -2.20 -25.92 -6.24 -5.85 -9.57 2.36 2.42
SEI(E 11.47 10.50 9.65 9.09 9.45 13.12 12.98 1.60 1.55 1.32
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Fig.2 Correction results of 3-order models
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