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Development of a tidal model of embedding astronomical tides
into neural networks
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Abstract

This paper presents a neural network
model of simulating tides at multi points
considering tide generating forces. A
comparison on the root mean square of three
year mixed tides at a single point computed
with the proposed model, harmonic method,
orthotide-response method and NAO.99b
model was made to show the prediction
accuracy of each method. The proposed
model is examined as comparably efficient as
the harmonic method to estimate the tides at
a single point. Extended application of the
ANN model to predicting tides at some
points neighboring to an original interest
point identifies highly accurate simulating
multi-point tides as the NAO.99b numerical
model.

Keywords: Neural networks, Tides, Tide
generating forces

Z ~Hd BRn

P2k R R
ﬁﬁ%ﬁ%ﬁ=$ﬁiﬁﬁ%x\1$i

NSC 94-2611-E-009-002
194 & 8% 1Bi954’i7’5 31 p
CHERE il

~ B A1EE L REER

FARE B o F > Ao I AEIE RIS A
#Eéfﬁlﬁm(’ﬁ_ FI# PR R R
TR B R ke MR 5 )

* 24 fe 4 477% (harmonic analysis)~ 47 =
2 & & e (Darwin ,1907) o @ & & i
2R PR TR R R E R R, R
(Doodson, 1921; Desai, 1996) ° # v~ 7%
" o) = 3k % (least-square error method) %
FPet o2 RtgE Api it > &P BN
335:}%51]1; »L-&f}im”"‘#%ﬂ? » — B
365 Xz F ki~ 4rZ 205 30 BAF
A A0 % R APIT A AR & e 3 o Le Provost
etal. (1998) R i@ * 26 i# » P >t i ficst ¥

REPEIER A AL TER

Rl TR B pE A I 2 cdp &
B FRNA oS AT EZ F e R 4p
ek BRI E gk o 'ﬂt“ﬂ i<

e LR K&X L:’&’I e i
4 (tidal admittance) » & o B 2 Fofz
LE 2 AR ‘%&(Munk and Cartwright,
1966; Groves and Reynolds, 1975) - @ F J&
I % fiE 5% (response-orthotide method) ¢

Ray (1988) 4 Desali (1996)';7' Ao
FORARA] A 23R P 0 2 35 ¥ (Desai
and Wahr, 1995; Han et al., 2000;

Matsumoto et al., 2000) - 24 & & 47/ % & f@;
LR < Friq\u 3 lf’_ﬂ(%xﬁlfﬂ‘ LA <]
b 2a B EAVE B PR E

b e S SRR IR G
3 o Tsai fv Lee(1999) & * #A4¥ & ke 7\??

BlE o g3 R ﬁ?"ﬂig,] > T *S B PR 7|

EAL I A e R 2L mxwm
fe oo TR T - PER e o l‘??iﬁﬁ‘-?%?‘l
TP R RIF TS B L

iR ﬂ R
Flk 5 L AR ERESD T F AP M R



2}@: cm RPFERARR DI 0 F G A
5 *3"} Fy‘;r.,: ﬁ% ’ ig—:ﬂﬁ/;éf']{
Piﬁ’ eh34 ap o BH(2000) ] * #EA A5 e TR

g Bl o Kumar ﬂfr Mlnocha(2001) >
Mandal(2001) - Medina(2001)# Walton -
Garcia(2001) & & % #Fl St RSN 1 AR
f@"* oo A i’ L S SUREE -

R e L L

ﬂ’ # o 55 fe i (2001) 8 e 5t 3% : i ol
VIR SR A 4 s T o R A SRR
rﬂﬁg?l RBE D Z AP PITER A

AR AR o B IEGRT iﬁ’?if%‘?@?]
S = SERGL I ARGE S ST L U
PR oM 0 3R RS Y TR
RI AR > o P Bl ip gt o
WA Pl FER o
5 fr & (2001) . TOPEX/POSEIDON
(TIP)Frhplg > TRELLRPZZ P
B4 R KGR R e R R TR R
FIOTIP 7 BV 2 RIS 207 & 5
PSS L LR B
A e T T oA R RFH IR
§F+— PR 07 A 7 Bl e BT AL R
> Lee (2002)2 ARMA #:5% » 3255 %
lﬁt S PEZ R B B PEZ P
K ey £ 15'@%‘#\%7\15 ’@?JHETF"]Y‘T
- PEY 2 /’J\l""u;fé ERp ok FB
ARMA #38® B B 2 Ha X 82577 K
enff o T M R REED 2P
7J( i
A AIF LS EE TR G AR T
ER R i R NI HE ek HE R R
2 Ap¥t g *&Eéﬁ S RS e
TREPORE AT EL APES
Matsumoto et al. (2000)z. NAO.99b =5\ :&
SR Sk 1B ESRLE 2O

= 3N 21 >
= > %‘?%;ﬁ?; “zﬁ

P TR = SN o WS )
Pou R S B TR 5 450k (LD) ~ 5

B (L1, TC) ~ &iR(SA) ~ = # (CC) ~ e
(LY)% 2% (is k2@ HC) % = b 8L » pFRF
% 2001-2002 & et (= ficdy o @ 1C SRk
Al 5 2001-2004 # #icdy o ip| k3= BEST 4o ] 1o
d b2 X e SRR

EEYTEP - T4 FRT -
£ o PR EY 23 (W 12 B )23E
£353 RE S 6.37 v Mt A ferfriE 2 B
%’ﬁﬁu%kuﬁ‘@»@@ﬁaﬁﬂ
BoA 0 E 0 J1(RMS) 2 4 B 7% fic2
T i (RP) s 2| e e 4t B g 35 38 0 o
21V L 2 P eRE% 8
A 49E S 10570 9% 333 'ff'év\
Y522 %% > B H B g %L R G
ﬁm%;*ww%&;i%@M§&@ﬁ
5 098 Tt AN 2 B R PE S

/J~ E]é? o
118’ 120° 122 124" 126°
28 5 28
Ching
26' &7 26'
24 24"
22 22
Bashi Channel
i
o
20" & 20°
118 120° 122 124 126°
Bl pe-fri@

1l RN EDfor 722 F L0 el
BT S E L R

RMS(cm) HA TGF-NN

2t pF (hour) 0 3 2 1 0

g ¥ (2001) 657 | 843 | 637 | 864 | 1758
R? 0.975 | 0.955 | 0.976 | 0.933 | 0.843

77 i71(2002) 10.28 | 14.45 | 1057 | 13.02 | 15.75
R? 0.939 | 0.867 | 0.935 | 0.874 | 0.832

Bl 2 24 SRR EA L7222
F 0 2oLl d B 2 F v 3 H
AR IPE BRI 2L AR

A



o BT AT A SRR i D
? 3%; » AT /% g J\"";}E“— mﬁ”&"’k”)\a"ff’&\
Fri2Ap i o B 3 1B 4 5 U R E R
PR B endp B BB 0 3 S B2 A
M i 098 FPRIFFERZ PSS
0.94> &7 4 SR a8 ¥ EA7 RE ED
Foi R 25l 4 Ep Rl R T

oo Bip 2 FERIEEVERLE L ATE D
20
- (] ANN model
16  — — = — — Harmonic method //\
\
- / \
| A
= 12 |- | e
&£ A 1SN
2] A \ / \/
N O LI A S
= o/ n®y¢ ¢ N /X\o L3
& .\?/ X A
4 e o/ - ‘ X
Training Predicting
ad
0 1 i 1 1
0 6 12 18 24
Time(month)
B2 ARt e frririzalpr 50
EX- Xl SE L o8
15
10 -
05
€ ool
< 4l
05
-1.0 -
_1'5|I|I|I|I|I|
15 -10 -05 00 05 10 15
Nom)
B 32001 & 2§ Pl A G RBH 280 ki

i KRy 3@»(% Fe &)
15
Lok ,‘=_-:i.7 B
i ok .
05 .
E ool
s -
05 -
10
15 L T I TR NN T A N Y S B
-15 -1.0 -05 0.0 0.5 1.0 15
Mo(m)
Bl 42002 # 2§ Rl SRR 207 K

AP B2 R (FRIRIFE L)

d 2% &T > A7 2 TGF-NN
ﬁ\mﬁg &ﬁ&ﬁé%%%ww’ﬁ
/H“Lhw Mt Tiep L G5 9%6em H g /?'J
PR Z M EH FAL O A
O%QOWMQ ot > k2 B N
W ER e &P rr_La‘é‘LS‘: I H s N
(Tl g o
% 2 5 ANN $i3 2738
A ’ff'év 7 8 &
Fzovtgeod &2 5060 B AR AR o
AT B - £ TR 3 E anFLin
2% % 10.28-12.21cm> @ 12 26 1 & 5 3R
Jom 472 2 3p R 3 g L3973 1145 4
10.35-13.76cm > @ I R FHoVH R X 55
B4 % 10.34-15.24cm > NAO.99b #5¢ B] &
10.69-14.05cm &~ H- N pY
10.57-11.96cm - d % 2 5% ¥ oA 50
IR x| 'ff’fé)\ 2 AR 02 v IR NAO 99b -
2 %% o @ NAO.99b #o5¢ Bl 22 3 o a 47
i#(26)% & 2 i st 2 ARRlAe 4 AR 0 e
Flgt o T H Bhenip IER] 0 B d A

. * 60 2 26 4
% NAO.99b #-

RRRES

(w. 3

ERBRBNEEREF DS E 0 TP A2
"R 9’—/? “é-§ g2 ‘&ﬁf‘ T ;E"},;@;

YR 3 T E RN SN
NESREG PRI MO B
0 L ANN BER a7 RS A

Loplzheanp g g oo

% 2 p&ﬁxﬁ_\.rﬁﬁzﬁ_«\.y f_,i-%j{;:*?\l”ﬁl(ﬁ T

PAAS

Method 2001 2002 2003 2004

Harmonic
(60%) 6.57 10.28 12.21 10.38

Harmonic
(26%) 15.21 11.34 10.35 13.76
Response 1524 | 11.28 | 10.34 | 13.52

orthotide
NAO.99b 15.61 11.69 10.69 14.05
TGF-NN 6.37 10.57 11.70 11.96

Av F o E# AR (LD) ~ 5 (JL 4,
TC) ~ #;2(SA) ~ % 7 (CG) ~ ' a(LY)% =

% (15 k& HC) % = B ¥ 8L 7 2001-2002
Eh WP e B o P oAt 2 T

BA SRR BN (s 0 B 302 TGF-NN fa 8
H@ o kizo pa A2 Lz 420
A RLep e B > AR E 2 kB
B ey r?£%7$%$ﬁog

TGF-NN #-5¢ 2 NAO.99b #5848 4 3% 7



e iplzb ey R IR R B R > H ? F5F FIXTP—
2001 & FAHE ’ﬁ 11-12 * X‘f*' s F] g A
L5 2001 & Aok crup A B B oo K LIRS
B plzkr it 2RFIF @ d & Ls
#F 1.14~0.71-0.64~049-042 %2 1.18 -

A

e‘%ﬁ—r“m{?"m‘ IB‘"LL BREPT e F T
T BZ2RFIF ES 0480 4TF ~ B o

@R,E&E?:*“"] 13110672 22 > @ £ 74 ~
iz m L peieil g 10252145243 2 2 -
d £ 3 7oA iN dIRpahande &
¥ o vt R RS2 L 2 e ._g_»’\ %:«
NAO.99b #3582 5% » H s w jplab2 B %
22 NAO.99b #5% 4p 12 > & 038 2 gy_;’ G
0.07-3.67cm - @ NAO.99b #ic;\ B Z T & e
FTALE T 16 BEFH APk i 1 &

- %m 1o

7 iTﬁ@ ende B om ANN 58 e
ERHEY -F Fw BT HE /E']Sé-’
Hip B enge Bl IR T e 2 ohiseh
RIS JIE SN -FEE S8 3 PN
AR O S R I SRR U (S

REH R MBS X 2 54 B ok o
R A PR EppEy Ei g
A SRR T LY p ek il
R R L kR FEES K

3 K30 B ok R 24 % (H
i~ i cm)
Method TGF-NN NAO.99b
year 2001 | 2002 | 2001 [ 2002
LD - 27.46 - 17.05
c TC | 1857 | 1761 | 17.96 | 1871
2 SA | 1437 | 1419 | 13.03 | 14.26
2 CG | 1347 | 1173 | 98 | 1376
- LY | 1571 | 16.79 | 1645 | 1355
HC | 2477 | 2518 | 1317 | 11.46

N L

At A SRR RETY
ﬁ’UB\Hﬁ/ﬁmﬂ*%ﬁaﬂﬁa
e Radp it d R > £ - B AEFLIA L
P it m@»m’ﬂ&%é2+%’ﬁ§$
\'—"\7“7}?‘?‘— %K%%% v T A g
ke 7 - &(2001 E)enE Y > T
¥ = #(2002-2004 #)ehip iz TR R
ﬁ\ﬁ#&ﬁéﬁbmowbﬁﬁggu
oo AHER LA oA AD 00 v B
NAO.99b 582 %% o ¥ &4 Gippie

(7o A0 Bip pleb i B o B E G
Bld Bp45 3 e H E 52 NAO.99b Hi-5¢
B0 A N2 A K )3 dem o B ot &
WS T HE E Y 2 b enplakok IR ©
fRA-1 AR A LR R TR AT
B R R e AT IR 2
LI R
N =4 )EJe
[1] %iﬁzﬁl z 3 **(2001)"3‘1%1/\ SR RS
Ve R P I EER S 2 E %3:
Eua Al Eme B 97T F-104F -

[2] SRFZAW ~F £&.42(2001)" 2 NAO9ISb &7 ;5"
R AT FR 2R S L2 BAK
1At g B o105 F-111 F -

[3] #3247 (2000)" g 4¢ }Hi*é hoE PEEP B S TR
Ut WY B éﬁi A ARET T AR L
ES R

[4] Darwin, G. H. (1907). The harmonic analysis of
tidal observations in Scientific Papers, 1,
Oceanic tides and lunar disturbances of gravity.,
Cambrige Univ. Press, London.

[5] Desai, S. D., and Wahr, J. (1995). “Empirical
ocean tide models estimated from
TOPEX/POSEIDON altimetry.” J. Geophys.
Res., 100(c12), pp. 25205-25228.

[6] Desai, S. D. (1996). “Ocean tides from
TOPEX/POSEIDON altimetry with  some
geophysical applications.” Ph. D. dissertation
submitted to the department of Aerospace
Engineering Sciences, University of Colorado,
Boulder, CO.

[7] Demuth, H.,

- «:L—w;
#

I

and Beale, M. (2000). Neural

networks toolbox user’s guide, version 4.,
Mathworks, Inc.
[8] Doodson, A. T. (1921). “The harmonic

development of the tid-generating potential.”
Proc. R. Soc. Lond. A., 100, pp. 305-329.

[9] Gill, P. R, Murray, W., and Wright, M. H.
(1981). “The Levenberg-Marquardt Method.”
Practical Optimization., London, Academic
Press.

[10] Groves, G. W., and Reynolds, R. W. (1975). “An
orthogonalized convolution method of tide

prediction.” J. Geophys. Res., 80, pp.
4131-4138.
[11] Han, G., R. Hendry and Ilkeda, M.(2000).

“Assimilating TOPEX/POSEIDON derived tides
in a primitive equation model over the
Newfoundland Shelf.” Cont. Shelf Res., 20, pp.
83-108.

[12] Kumar, A., and Minocha, V. K. (2001). “A
Discussion on Back-propagation neural network
in tidal-level forecasting.” by Tsai, C.P., and T.L.
Lee, J. Wtrwy., Port, Coast., and Oc. Eng., 127,
pp. 54-55.

[13] Le Provost, C., Lyard, F., Molines, J., M. Genco,



[19]

M. L., and Rabilloud, F. (1998). “A
hydrodynamic ocean tide model improved by
assimilating a satellite altimeter-derived data
set.” J. Geophys. Res., 103(C3), pp. 5513-5529.
Lee, T. L. (2004). “Back-propagation neural
network for long-term tidal predictions.” Ocean
Eng., 31, pp. 225-238.

Lee, T.L., and Jeng, D.S. (2002). “Application of
artificial neural networks in tide-forecasting.”
Ocean Eng., 29, pp. 1003-1022.

Lee, T. L., Tsai, C. P., Jeng, D.S., and Shieh, R.J.
(2002). “Neural network for prediction and
supplement of tidal record in Taichung harbor,
Taiwan.” Advances in Eng. Software., 33, pp.
329-338.

Mandal S. (2001). “A Discussion on
Back-propagation neural network in tidal-level
forecasting.” by Tsai, C.P., and T.L. Lee, J.
Witrwy., Port, Coast.,, and Oc. Eng., 127, pp.
54-55,

Matsumoto, K., Takanezawa, T., and Ooe, M.
(2000). “Ocean tide model developed by
assimilating TOPEX/POSEIDON altimetry Data
into hydrodynamical model: A global and a
regional model around Japan.” Journal of
Oceanography., 56 , pp. 567-581.

Medina, J.R. (2001). “A Discussion on
Back-propagation neural network in tidal-level
forecasting.” by Tsai, C.P., and T.L. Lee, J.
Wtrwy., Port, Coast.,, and Oc. Eng., 127, pp.
55-57.

Munk, W. H., and Cartwright, D. E. (1996).
“Tidal spectroscopy and prediction.” Philos.
Trans. R. Soc. Landon, Ser. A., 259, pp.
533-581.

Ray, R. D. (1998). “Spectral analysis of highly
aliased sea-level signals.” J. Geophys. Res.,
103(C11), pp. 24991-25003.

Tsai, C. P., and Lee, T. L. (1999).
“Back-propagation neural network in tidal-level
forecasting.” J. Witrwy., Port, Coast., and Oc.
Eng., 125, pp. 195-202.

Walton, T. L., and Garcia, A. W. (2001). “A
Discussion on Back-propagation neural network
in tidal-level forecasting.” by Tsai, C.P., and T.L.
Lee, J. Wtrwy., Port, Coast., and Oc. Eng., 127,
pp. 57-58.



