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Comparative study on high-precision tidal level forecast methods in tidal reach of the lower Yangtze River//XIA
Mingyan', ZHANG Fanyi' , WEN Yuncheng', XIA Yunfeng', HU Qingfang' , SHI Hansheng’( 1. Key Laboratory of Flood
& Drought Disaster Defense, the Minisiry of Water Resources, Nanjing Hydraulic Research Institute, Nanjing 210029,
China; 2. Jiangsu Surveying and Design Institute Co. , Ltd. , Yangzhou 225127, China)

Abstract: In view of the along-course variation of dominant factors influencing high water level in the lower reach of the
Yangtze River, the non-stationary tidal harmonic analysis (NS_TIDE) model, non-stationary tidal harmonic analysis and
auto-regressive ( NS _ TIDE-AR ) combined method, deep learning Transformer model, hydrodynamic model, and
hydrodynamic model combined with the ensemble Kalman filter (HM-EnKF ) assimilation method were adopted to forecast
the tidal level in the lower reaches of the Yangize River. The forecast accuracy of these methods at various stations along the
tidal reach of the Yangtze River was compared, and their applicability under varying conditions was evaluated. The results
show that, under the same conditions, the deep learning Transformer model achieves the highest and most stable accuracy
for tidal level forecasting, followed by the NS_TIDE-AR combined method and the HM-EnKF assimilation method, while
the simulation results of the NS_TIDE model and hydrodynamic model have relatively larger errors. The NS_TIDE-AR
combined method, deep learning Transformer model, and HM-EnkF assimilation method can forecast tide levels during
major floods effectively in the tidal reach of the Yangtze River. However,the NS_TIDE-AR combined method is unsuitable
for tidal level forecasting during storm surges.

Key words: flood; storm surge; tide level forecasting; non-stationary tidal harmonic analysis; deep learning Transformer

model; hydrodynamic model; the lower Yangtze River
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Table 3 Evaluation results of 24-h tide level forecast accuracy of different forecast methods in
Great Flood of the Yangtze River in 2020
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Fig.7 Comparison of 24-h tide level forecast results of different forecast methods with measurements and

forecast errors at Jiangyin station during typhoon storm surges
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Table 4 Evaluation results of 24-h tide level forecast accuracy of different forecast methods during typhoon storm surges

=0 i ik IR 22U/ m RMSE/m MAE/m QR/%
NS_TIDE #i%! 1.16 0.48 0.39 46.8

NS_TIDE-AR £H & 7 1.21 0.45 0.36 48.3

TH Transformer #:% ( TG X\) 0.97 0.44 0.35 51.4

Transformer *ﬁfﬂ( /EJJXL) 0.52 0.28 0.22 70.5

IK B S AR 0.45 0.25 0.20 78.2

PP HM-EnKF [F] {75 0.34 0.15 0.13 93.8
NS_TIDE % 1.20 0.52 0.42 42.4

NS_TIDE-AR #0474 1.15 0.49 0.38 46.5

o Transformer 7 ( JEX) 0.87 0. 46 0.34 52.3

AR Transformer <74 (4 JX\) 0.58 0.29 0.24 69.8

IR Bl ) 2 0.52 0.31 0.22 74.3

HM-EnKF [F46 75 % 0.37 0.16 0.12 93.4

NS_TIDE 5% 1.81 0.44 0.30 61.2

NS_TIDE-AR 214 )7 1.14 0.35 0.25 72.6

T Transformer *ﬁfﬂ( %JXL) 0.84 0.34 0.26 71. 4

Transformer #7 ( 75 X) 0.67 0.23 0.16 80.9

VS PIES: X 0.52 0.23 0.18 79.4

£ Ok HM-EnKF Iﬁlﬂzb&‘ 0.39 0.13 0.10 95.6
NS_TIDE ### 1.85 0.46 0.33 56.4

NS_TIDE-AR #H-& 75 1% 1.23 0.39 0.28 65.5

o~ Transformer #&7 ( IE X ) 0.92 0.41 0.30 58.5

e Transformer *ﬁﬂ( A MX) 0.65 0.29 0.22 70. 4

IK B S 2R 0.54 0.25 0.21 76.9

HM-EnKF [Ffb777% 0.42 0.16 0.12 92.9

TERRENSCI ) 2~ 4 d N, BT A 2% e XU 1
JKALN , NS_TIDE 45 71 351 4% {8 BH 2 0 /), 5 RUFI] 5
T KUK S 388 [0 T B sl A7 T 158 25 0 43 3 A
1.16 1. 81 m, JRUZE ] S5 oy ¥ 007 1 B0 3 Fof 45 2 ok
1h, NS_TIDE-AR #1& J7 &M% NS_TIDE £ 7!
D3 s iR 2 S A A TE IR, i T A KU ]
NS_TIDE #5525 745 f i #4555 HAth s JAS [, 2 38
AR BRI LR B I, 76 & KU 25 3 JL H N i
N PHARAELER i S, A& 15 I YT BH 152 22 18 43 51
1. 21 1. 14 m, XU B e 7 11 B30 a3 2 A LU A
IERTHE R, MR Gao 25" AFST , K IT R IE T 2184
TR YA] RS R | X ) SR AR, A s KGR
[ 7 AR s TR | 5 VT i W 442 184 K 33 i ek
8B, ARSOU T KT 28 B T 1 KA A
Jr I R SUEAE A A S &R A Transformer A5
RUTHHAG BE . AH LG 3% fin i A A2 BT, 5 KUR 4 25 A
5 WOKIR (8] RMSE 435198/ T 35. 5% ~37. 0% .
31.3% ~32.3% K5 B A Ir it var , U2 ) dee s i 67 14
PUERTRZETE 1h L, HSETZ5F T Transformer
AR 7 IR 30 () 7 T iR 22 AT K, — T,
AN R EZE T BB B A 5 YT 4R )
AL 2R SR B, 2R TR IT T K
BILHI I 2 14 AN 1220, 38 7 7F TR A 55 ) B 1
PRl oI A G KSR & KGR BB | & X

REESTHE Z 6 XS 80 2 0 B gl > 5 —
D5 AT, AT AAE T VT i XU T 30 ) O30 7 Al
FWANTTAL 2 T B IR S TR
IR B g 2 AR VT B s 24 h $5 UL 308 A7 TR 0
RMSE 4 0.23~0. 31 m, A FH S5 [ £k Ji RMSE
AR 0. 13 ~0. 16 m, XU fi = A7+ 303 o 3
ZE0E 30 min LAPY, BRI, 7K 31y 07 24 BRI ] DA 4 b
BRI AR A B AT 02 S A 25 1 T XU 380 1)
LTRSS W S L A T e = s R
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€ 8 4 NS_TIDE #:i% NS_TIDE-AR 4 & J7 ik
FN Transformer R YT IHFIR LR 5 uili 24 ~72h T
UL 2 TR 45 R A RMSE X Eb, SR
Transformer #5780 N7 A3 vl I 1 TR AR AY | By A AR
Ay R 3t 77 S 9 R R A R L 1T T T
G RSN 24 ~ 72 h G 0 U A TR A5 R AE
NS_TIDE #% #Y NS _ TIDE-AR @4 & 7 ¥ Fl
Transformer BV A SSPFIEAT I Wide . ML 8 7]
DA, 3 B AU i 00O 41 B o i L 0 A K 4
W R, NS_TIDE #5580 7l iz 25 5 RMSE ¥4 K 3 %
& T RE S R R R IR 22 IR, A SR Y
R 3l TR 7 6 R 24 h T UL O £ T
&5 RMSE °h 368 m*/s, #H ¥R 2% 1. 27%),
72 h TG WU 45 A A RMSE R 632 m’/s, AH
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AR AR R 5 2217 5 NS_TIDE-AR 414 J7 4]
L, FE T UL A Y 25 A B PERE T R, 72 h iDL
IR PR 4SS JL A RMSE SUATE 0. 18 m AP,

=NS_TIDE#i#(24h) = Transformer #%!(72 h)

oNS_TIDE#%I(48 h)  =NS_ TIDE-ARZLH J71%:(24 h)
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Fig.8 Comparison of RMSE of tidal level forecast results

of different forecast methods for different

prediction lengths
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AL AR U KR RIRETE H o 4 X XU iy A
AR AT AR —E R b i ARG R A s )
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