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Research on harmonic analysis for short-term tidal currents based on tidal admittance
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Abstract: To address the limitations of traditional harmonic analysis methods in identifying major tidal
constituents from short-term current data, a comparative study is conducted using the tidal admittance method and
the ratio-of-amplitudes method. Field observations from a typical cross-section in the lower Huangpu River during
neap, medium, and spring tides are used. By fitting the normalized amplitude and phase lag of major constituents
as functions of frequency, a smooth tidal admittance model is constructed and its predictive performance is
evaluated. The results indicate that the admittance method, without relying on long-term data or empirical
amplitude ratios, can effectively applied to the harmonic analysis and velocity prediction of short-term tidal
currents. Compared with the ratio-of-amplitudes method, it reduces the root-mean-square error of current
prediction by an average of 8. 9%. Quadratic fitting further reveals a continuous relationship between frequency,
the normalized amplitude and delay angle of diurnal and semidiurnal constituents, confirming the smoothness of
the admittance function and its applicability in harmonic analysis. This method enhances short-term tidal

forecasting and supports hydrological and engineering decision-making.

Keywords: tidal current; harmonic analysis; tidal admittance; ratio-of-amplitudes method; tidal prediction

IFE EHEA: 2025-05-20 FHEHBEH. 2025-07-18
«EEHE: KiTKAZE R A KIE 2025 FAH40# A 2T B (SWI-25CIX06)
1EERAY: BB (1997—), B, ML, TRIF, IR FTRAEFEEFNLERNIME,



.24 - K iz L A2

2026

PRI AR Sy ph AR 1) 7 9K 8l g K e K SF-
J7 1) bR RIS B, o O TR R
g 132 i A0 957 BE v A I VRS Sh B OC R R
VA ST A B 14 2 R A RIIR AR A )
XET R N 3 AR, RO
2530 h, 2SR 5 kA2 BR T B KR
TE A 73 B R I T B0 e e A

Xof R SR 9 LI B R R A, — AT A
AbERTT A 1) WEEFN AT, TEAR B AR T
AT, JE R X L8 05 O — ROk T ik
oMM, B, CREEARAR AR R o M, 1S, &
H R —A> i e Ak B A AR A AT A
T, WEVEAN AT 5 i T AR A UL e [a] P 4
YRR 2B B VR R R, RS T GE A AN A
735 v DR L B ] AN A2 TS B0 A A TR e R R
(R b J7 ¥ 1T RE 5 2073 10 19 20 57 1 4k Bl 22 W
5 7B X% i RS A A T R 22, 2) BE T
PO AR BRI A A, e A 2 80 20T 4 TR R
BRBERY 22 LESC &, HEWTR H 8 i 280, (HAE
RER 3 DX H T K080 OB R =2 R B 25 LR R
3 — B2 I 7 P B 22 UG R IR

BN LI R B JR A 3 M [, Pan S5
Pt — b 2 T % 3 N Jir B ) R O 9 A O3 A
Tiik o T AN R AR S PR o AR O 4 AR
W B A, QSR T T P R 5T X 51 7 i
T 5 9 4 728 A 52 T R IR0 (K TR AR 2 LU
Loy A B YR, S 9N ek B BRI 4 J O
R ERIEW A, B BRI Y 2 8 A A
MR, M E A EREE T, O S A
SAIE

AR SCAR I JE T 10197 5 44 i B A 98 R o3 A Xk T
S ST R B4 TSR, ad i o3 B FR L 3
3 B R MRS TR e R A R SRS, R
S0 TR BRSBTS

1 HRF*
1.1 MR
PR s, HAETR RIS, i

VAR JUAE T A7 8 AL S S 4
(1) .
Xij=Wl.jcos¢9ij
Y, =W;sinf; (1)
e W, 56, 5% i W (i=1,2,-) i H W
MRS jAS(=1,2, -, n (i) ) i 5 i 10 508 5
X, 55 Y, SRR R HS AR L
o3 5 2R R
Xof o3k e BV LI 1) AR R AT 2 R Ay
Br, il FEE2H# (0, .K,) ., FH#(M,.S,)
DL K (M, MSS,) B 18 e 55 (PRI R A )
SRR K (2) P
X=X, + Y fXcos[o,i+(V,+u), ]

Y=Y, + Y fYcos[opt+(V,+u), -1,

(2)
Ab: X, 5 Y, 2RI 5 7R 0 8 BRI
TR c AR FEIM, BIEE ¢ Ao X, g,
Y, Mlm, 2350 R £ o3 AL . AR 5 ) A R
B f M Vo+u) , NS H R SCSEL, i )
MIRREL o, AR ¢ ], 5X(2)
HHA R X, T Y, LR GrEE AE  Xx, F
.. Y. Flm, KA,
PAAETT ) o3k S ], 150 Y 2 )8 R O3 A SR A
TR B T K a(2) Lt fets
X=X, + Y, Afiacos[ot +(Vy +u) ] +
f.bsin[o.t +(V, +u) 1} (3)
Ky a, 5 b, HEEACHTHE H AL
a.=X_cosé,
TR Bin] R B3 H B
X, =:/ai+b;
& =arctan( b /a,)
F(3) nlad it N YOULI (B RS ) B 3t — A5
fa A

(4)

(5)

J=KP (6)
A JRRE S E N AR ZIE J(t) 2



%14 & il F. AT SHGEINARF DT <25

J(ty), K Nx1 4 mdE, #E SIS Py
PRI R A S 8 o, AL dE IR 9% 5 A %
REC, h2M+1) x1 4E5 )i, &5 2 4
KO My K 2 Nx(2M+1) B3 R

(1) ]
J(1,)
J = (7)
/() |
X7
a,
P =\b, (8)
al
LOw
K =
(1 ficosw,, -+ fycosw, fisinw,, -+ fysinw,, |
1 ficosw,, -+ fycosw, f,sinw,, --- f,sinw,,
|1 ficosw,y -+ fycosw,y fisinwy - fysinw, |
(9)

K wy, WA GRS § D2 AL,

W/'i :O-jti+( V0+u)jo

(7)) ~ (9) From A0 M 7 BRAEBF 1 i
AN Ffefip] LA BRI RN .
P=(K'K)"'K"J (10)
H X (10) AT SRAS AR MR RE A MR, BRI 245
Sy TR AN AL
T IR DU 80 2 G % 9 A A0 3 A B 1) S 0
53U e ) B R WL AR B, (1)
T,T,
T -1] (11)
A, TR EBEKE; T, 5 T, 5358 ™
AR JE A
WRAE (1), IfRIX4r O, Hl K, 43 7 0
MR R K E A 13.62 d, X5 M, FI1S, 4%
T WIS 1 B K 2o 14,79 d, X EERE
H AL IR AT R, S T 3 S s i) B ) 08
ol , I &, ey s 3 AN UOULI Y %
Pk A 2 AR 43 B L2538
1.2 RSB
HEV A3 BT 7 1% i A0 JE AR 5 I 300 S A0 i
9530 . ARITE S PN, AR A I 1 433 U8 Bl A
PEARRL, ATRARS — A8 G50, a6 If R
AHIE A 53, HE VRN 434 5 1k e % A 80 1 Ak 1
SRR T RE G A 8 IR N 434 T v v UL B[]
N R T 5 5 A0 3 VR e [ A
TSI A R 1,

T=

R1 FEHHARE

Tab.1 Angular velocity of the main tidal division

53 K, 0,
A/ 15.041 068 6 13.943 035 6

28.984 104 2 30.0

M, S, M, MS,

57.968 208 4 58.984 104 2

P4 H ORI A BT 15 °/h, PIEH
SRR AT 30 ©/h, AN 1/4 2331 B EURE
I 60 °/h ARIEME BRI | CREUARIE T 1 73
WA IH A=A

oo, =0k, =0, =15 °/h

Om

=05, =0, =30 °/h (12)

2

Ty, =0y, =0, =60 °/h

Beadta i, Rao2) fCA gL A o>
B, PR A LI R fi) P 4R BB 3 01 A 9

FHEL, G IR AR I 1Y 533 AT B8 5 BOH M 57
FRVER 2 R T | AR T 2% W) IR 1 R A A A
ECEES
L3 BT EHCRIIAM T

FET 22 HE S AR Y IR A0 40 B 05k AR 2 0 3
(] AR IR R G %, 30 e T 8 0 19 5% R A
H OR3-S, X5 3k T DU Ak 2b
XS UL 0 830 (A, DA T A 50 194 O g
(1] PR B 030 8 R 8



.26 - K iE L A2 2026 4
FEMZEKRE . Ly oy ~cy. d)~dy HEETF M B 1
X=Xy /X, @%%% ﬁ%@
X' =X. /X X=X0+chcﬁn(c]+c20'+c302) :
¢ =§S__§M (13) cos[ot +(Vy+u) 1 + Y, fH,(d+ (19
X, = Xys /Xy, d,o+d,o’)sin[o,t+(Vy+u),]
£ omf ¢ 2o MR A4y BT 0 B BB AN A
ﬁ%%w%%Egm;,\,ﬂ;mmﬁ_%ﬂm VAR B, T T S a0 A I A4 BT U
BePE, GIARET O A s e T Ve AR e R AL, I A

FIA N, EREE R, 2R
A REAZ BN A A 2R B 52, DA T 52 el 33000 %) 9
ik
1.4 JET0% S48 3 A 8 Ao A

T TR IR FR GE XN [R5 38 97 43 1 1
IR, BRI Bl A0 3 0 AR A 5, FR O 3 7
5508 A i B W 1) AR e U

A =A'e " (14)

A 0 BE—M, A, WHFHN, A7 =X,/H,
T AR IR, H, R C TS RS R Y
SR, X, B E, AR AR B | AR
A,

FER—WEE A, 430 m AEXT T 4380 n W AR XS
TR, WESLH,

Am A): (&, =€) —ir,
R - - e m Sn’ R * e min 15
min An A: min ( )
R * = = -
min A: Xn g ( )
Foutn =§m_§n (17)

K. X,/X, 5 R, N m, n EFEER 2 L
14 H R 2 H 237 R 55/ B A 4
TR, HR R R AR -1 20, A,
A7 Y75 B4 ) 50 R R (A R R0 T UL X A
1o W BRBOR R R LA 147 4
a"/ﬁn =c, +c,0+c,0°

_ (18)
b,/H, =d, + d,o + d,o’

(a, 5b,), PRGN E,
2 RIS ISIE
2.1 A

AR SCHE FHAE B LT U UL ) 30 U A5 A
S, R LT 25 T OG R RLEE T T 4 Y
PR 2, WAV 25 LU BOR IR A S0 VTR gk
SCul ARSI RE, BE LR 2,

T2 FENHBRAEMEHOEILE
Tab. 2 The difference ratio of the main tidal

harmonic constants
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