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Harmonic analysis of tidal data with missing values based on the least squares method "

Chikara TSUCHIYA*

Abstract

Principally, if the observed period is one year, a set of 60 harmonic constants can be analyzed using hourly

tidal data with a large amount of missing values by the least squares method of tidal harmonic analysis. In

this paper, the response of the harmonic constants to the amount of missing values using tidal observation

data at a tide gauge is investigated. It is shown that harmonic constants are robust in the case of sporadic

missing values, of which the proportion is less than 80% of the observations. It is also shown that

harmonic constants are robust in the case of continuous missing values, of which the proportion is less

than 30% of the observations.
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AOV X, kE#E DY 2 —T 754 5% — (Wave
glider) 12, GNSS 7 ¥ 7 F 7 & KBNS %
BRLTBY, V7 VF A 20 EBSEENZ E
WIMERL T 5 (WA - i, 2017 5 #47k - il
2018). AOV OBl IZX, YV —F =32V TH
BLIZENERRE LNy T —00EINT
WA, TR L, Ny T —FRED %<
k&, AOVOERICLERBEN 2 HERT 572
B, BilERRT L0 H 5D, AOV Bikicic
IR, Ny T —EREOHZIZ40W THS
72, AT OMEAR & T Tk AOV K k%
BB DS A=V %235 b b0, JE

WL WIRRASPH SN D561, Hanc Bl
W 2HENL I e H DL I NHDT LR D,
AOV CHBIM L 7=8if 7 — %121, ¥ Fo72K
W% EZEns.
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E9 H 25 2017 4F 2 HICHEIZKEVE TR L
72B5, 900 W /Ny 7)) — 2L TWzas, 5
MFEEE 400 W 2 4, 5 HREI Tl > Tw2a (R -
s, 2018). F7-, LAFOHARMTIX, WRIF %
WHA 1 2HARERC D EZONS. MM -
EEOHEFE LT, 20164E9 AICHIE B
TEIM L 726 <Tid, AOVIZBEEO$ <ALz &
EFoTHHMLTWzA, 3mERA L WEEIH
4 HRMBE L TWd (8K - fi, 2018). &JE 2
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5 CHGEM P »H 2 b E 25N 5.

Zo X9, BHEEORNIZE - Tid, BH
255 AR AOV 12 X 2 I B S 5 h
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L, RN OESISHT 2T ERDOISE S
7z

2 AR DS

Hifak > AOV OB i O W O 2 ZRE L T
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Fig. 1. The setting of missing time, defined by the ratio
between the patterns of sporadic and continuous
missing cases.

1. MR ZRMD IR T — 2 bl 22 Kl o %

5 — Y ORMOEE T & DRMIFFR] DRLE.

- 110 -



Harmonic analysis of tidal data with missing values based on the least squares method

Table 1. The setting of missing time, defined by the

ratio between the patterns of sporadic and

continuous missing cases.

F1. MR RO — 2 & difiy 2 /R o8

7 — v ORMOEE

T & DRMEFR] D FRIE.

R

72 %A

RAOEG |BIa% |FAR [T

HrERI

BAta B

TR

10%~80% 2% 178 1063

886

201541H88 9:00

201542F 148 6:00

50%~80% 14% 1241 2125

1771

201542218 16:00

2015434308 12:00

30%~80% 27% 2392 3277

2657

201544 5108 15:00

2015458178 12:00

70%~80% 39% 3455 4339

3542

2015457248 22:00

2015465308 18:00

20%~80% 52% 4606 5491

4428

2015%7H11H 21:00

2015%8HF17H 18:00

60%~80% 64% 5669 6554

5314

201548F25H 4:00

2015410818 1:00

40%~80% 1% 6820 7704

6199

20155108128 3:00

20155118178 23:00

80%D 89% 7883 8768

7085

20155118258 10:00

20161518 7:00

Y

72 %A

RAOEIG |BIa% |FAaR & TR

HRERY

Bt B i

TR

10% 2% 178 1063

886/

201541588 9:00

201542F14H 6:00

20%! 2% 178 1948

1771

201541588 9:00

2015435238 3:00

30% 2% 178 2834

2657

201541588 9:00

2015445298 1:00

40%! 2% 178 3719

3542

201541588 9:00

201556848 22:00

50% 2%) 178 4605

4428

201541F8H 9:00

2015%7H11H 20:00

60% 2%) 178 5491

5314

201541H8H 9:00

2015%8K17H 18:00

70% 2%) 178 6376

6199

201541H8H 9:00

2015498230 15:00

80% 2%) 178 7262

7085

201541H8H 9:00

20155108308 13:00

3OHO/NABORMO Ry HZHbDET 5.

Fig. L IZ/RT £ 912
R L7218,

Rl Z#&%E L Tw< (Tablel).
R L 72Kl 87 — 0%, BB S 4
Mo 2% (177 B5) XM c&-& LT, 178

R H 2 5 RWAHEZ 2 L 5.
M) KRN ZHEET LA,

. 4 OO/ ORI
50% PAREIX, &/ o 2 FHIC

10% (885.6 Ik
178 K¢ H 2 5 1063

e H 2 R & L, 886 Iy 70 Rl 2 1F %.
1064 K¢ H 2 5 B T L TRoco 77— % 25K

9. 20% DKM EHES Y

A%, 178 KefH H A

51948 FFH H T TEZRME T HZ LT, 1771
Mo oRMZEL. 30%5 5 80% |
KMBAMGZ 178 R HE L, 226 FLOTKR
MR 2 R DINY — 2T

W25 (Table 1).

X, OBIZHBRRSL L

B L%ﬁ]ﬂlmi&frk % CEHT 5720
, EEARRA 5 178 KR H DIRE,
B hn & & T R BE

A EV; ]

2L

KEL, RMOEGE 1% &I

DIFHT 2475 72.

3 HMAEICHTRIRINCS
AOV DL 7 — % AT 121,

oW Td,

. RMOEEDDLTHI 7%

FHEIZD

h
V! ks

WwT

AR 10 g IO S

VL OPDONHZLTH 72, TRTONHZ

Python TRtk L7707 A& #H7zl

R L T

W5 (LR -, 2019). FEROMEEFHRETICE
B R, 5T E OFEREN O
FORTRAN 71 7' 5 A &, 14EMOFMG % &
te & HEW W - W T — & f#ATH © FORTRAN 7
T 7 J A% BASIC 1247 L Windows b CEjfEd
X9 LRER TS UB Ta s T A (K
B N— 3 » 52, FH -, 1995) O
BeD—EDH B, INSOMAMET AT 5 AT
(&, BIFRF 5% O — 8 & B & die/h kAT W
LNTWVW5

TR ¢ oW BLIAE H(t) (&, #1% o HEHAE
U)amidﬁ%mmfﬁ@;o hobs
ns5.

H(t) =H(t) +e(t) = A+ Y Af cos(op+Vi+u—k) +& ()

M
A0+Z la;f,cos(wt+V;+u;) +b,fsin(wt+V+u)l +e(t)
i=1

£ 1)
CZT, MATIREZTWMERL, o, A K
i%h%h% SO M, RIE, EATHD.

NXFEHE IR T A, KEO A RN D 18.6 4
®H%ﬁmi BT OMRNE, EAORIEE S &
u; TFEL, WE, VEMIE BT 2MEE LT,
I1FOPFHOMEZEHEL THWS., RIXyIKV,
T RIS £ D RO BN D K ORATH
D, 1FEOMHOEEZHWSLZET, 1H1IHO
BREICBUF D HZI %2 0 & LTwa (il ERET,
1992). a4 4 v, 44 voffa, blxzh®
Na;=A; cos(k;), b;=A,;sin(k;) THbH. D
ik, N oMM S A, A, & OFF2M+1
TORABZ KD D Z EIHIET S, DR
e DFAER/NETHNEE, wN
X BRI E ATV S

EC)
178

PRI
- AR D IEAD RN

LnBEE,
ajo ((6)2=0
ai ((6)2=0
jbl ((6)2=0
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DD LD, NOEMAL D720, Vitu, % ¢; LiE
&, RuEERD D 2M+1 A7 I,

N thl cos(wt+e,)

thz cos(wjt+¢,)

KD EHATHIBXCTRBTE L (NHB,
1981).

thl sin(wt+¢,)

Z,fl cos(at+¢) thl cos(@t+c) Z,fl cos(t+¢) th2 cos(of+¢,) thl cos(wf+e) thl sin(wt+e,) Z,fl cos(wt+e)

ztfl sin(wf+¢,) thl cos(wft+¢) thl sin(wf+¢,) Z,fl cos(w,t+¢,) erl sin(wf+¢,) Z,fl sin(wt+¢,) erl sin(wt+¢)

4

0

Y Hb

a | th(t)flcos(lecl)

ko TT T LTI, ZoH A ERD
72012, AV ADHKE LT TEKL TV
5. L»L, G, a—Foxr7F s A4z
HAL, mADATHREOITHIA LGB L T DM
%3 Python D BMHEFAHET 2 -V TH 5
numpy DAL Ny o — PV linalg \&HEN 5
B ¥ Istsq # 72, B Istsq D 7 v T X A
X, X (2) o RELBITBRIHL 72475 D175
RERMEL TR 2 ETH Y, WER TR
54 751 LAPACK Z -0V L Tw 5. X (2)
LB DRBATH D HATHIDAAELT B3, A7 A
DHRLELF KRV ONS.

4 FRLET—4

R ZEE B AT o 2015 4E 1 H 1 H 0 B2 & 369
Hio 1 KMEEO#EN 7 — % # vz, 2ol
USRI 2 Ao 72, BT — & O X 1 fr 3R
ATl LR CHA I eom TH B, Thax T —
L, HELETHRRZKE N THICEEL,
PRRZAT 572, Fie, RIBIS, LT
Ho20Bwr (40, % BUHEE, MEs,
=gk, NLE R AE, fl, Ko, W%,
PR, KA, Wz A R, RE, W

Z; H(t)f, sin(wt+c,)

3 (2)
R, ks, M) © 201541 H 1 HOREDR2S
369 HH o 1 KM EOWT— % 2T, &k
FLE R U2 -7, 2095, XRilllig, T3
BRUENATC 38 R[], LT 6 ¢, K43T 7 ReH,
KiIAT 54 Wi, 3ET 14 KR, #RT 27 KER,
2T 28 Wil & - 7228, W RV D) & wxfk
ThbH20I5F1THIHOKREE 201641 H4H
23 I IZIZ TR C OB TR 2o 72.

5 R
51 FAfn#ED— FORESE
BI3IWETHRARILHI, a—T4 V7 LOER
Ko 5720, HAEBEHRH 7277 A, R
MRTFT— MBI T T A, SREEHT S
Python k> 7u 75 2o EhZn T, RO 7%
WA ZHBE BRI T O 7 — & & R R L A R
Table 2 12783, FRAIEREHH 707 7 A3,
FREROEST ERAZEHEEICLTHHIATL
7. WRER T T 503 — N2
&, M1, L2 50WoRIEE S & w, %2, ARIE—4F
DOPMHTEHETSIEZTOLEZ A, FIHTHETS
INTWBolzled, Mol e%. Larl,
M1, L2 3% IEF IIRIED /N S WM ThH 50
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Table 2. Period of tidal constituents, and harmonic constants at Yokosuka in 2015. From left; results from codes by
Python calculated for this data, from BASIC, and from FORTRAN code. The difference of the harmonic
constants among these three codes is shown on the right. Unit for the amplitude is in centimeters (cm), and
for phase lag is in degree.

2. KW ORI KO 2015 4 ORATE BT OFAE . Fa S, AR5 L7z Python 2 — FORERE, R

WRT— F BT 75 AOFER, FAEETHH FORTRAN 2 — FOfEHE. Python il O L 41K L
72, IRIEO AL cm, FEMA O HATIRE.

78 Pythonkfi REBR7O 7L WENERENA Python—ia/F | Python—FE#fiA
EeRiiEd A iwiE | EA («) | RIE | BEA («) | RIE | BA («) |RiEE | EAE | RIEE | EAE
Sa 365.243 H 12.44 175.65| 12.44 175.65( 12.44 175.65 0 0 0 0
Ssa 182.621 H 5.2 255.52 52 255.52 5.2 255.52 0 0 0 0
Mm 27.555 H 1.59 102.19| 1.59 102.19| 159 102.19 0 0 0 0
MSf 14.765 H 2.3 326.12 2.3 326.12 2.3 326.12 0 0 0 0
Mf 13.661 H 1.36 178.33| 1.36 178.3| 1.36 178.3 0 0.03 0 0.03
201 28.006 B 0.49 127.9] 0.49 12791 0.49 127.91 0f -0.01 0f -0.01
SIG1 27.848 5 0.69 154.09| 0.69 154.1| 0.69 154.1 0f -0.01 0f -0.01
Q1 26.868 K5 3.91 151.11| 391 151.12(  3.91 151.13 0| -0.01 0f -0.02
RHO1 26.723 B5RE 0.83 141.45| 0.83 141.46( 0.83 141.46 0| -0.01 0f -0.01
01 25.819 H5fE | 18.86 159.25| 18.86 159.26| 18.86 159.26 0f -0.01 0f -0.01
MP1 25.668 K5 0.36 176.51| 0.36 176.5 0.36 176.5 0 0.01 0 0.01
M1 24.841 B5H 1 171.83| 1.07 160.98 1 171.88] -0.07| 10.85 0f -0.05
CHI1 24.709 B5RH 0.35 176.11| 0.35 176.09| 0.35 176.09 0 0.02 0 0.02
PI1 24.132 B5RH 0.57 168.55| 0.57 168.55| 0.57 168.55 0 0 0 0
P1 24.066 F5RE 7.82 176.93| 7.82 176.93| 7.82 176.93 0 0 0 0
S1 24.000 B5RE 0.43 61.88] 0.43 61.88| 0.43 61.88 0 0 0 0
K1 23.934 B5RD | 24.39 177.61| 24.39 177.6| 24.39 177.6 0 0.01 0 0.01
PSI1 23.869 K5 0.43 220.76| 0.43 220.76| 0.43 220.76 0 0 0 0
PHIT 23.804 E5fH 0.27 165.22| 0.27 165.22( 0.27 165.22 0 0 0 0
THEL 23.207 B5RH 0.35 209.14] 0.35 209.12| 0.35 209.12 0 0.02 0 0.02
J1 23.098 5 1.34 188.82| 1.34 188.8| 1.34 188.8 0 0.02 0 0.02
SO1 22.420 B5RE 0.15 265.34| 0.15 265.33| 0.15 265.33 0 0.01 0 0.01
001 22.306 5 1.06 22771 1.06 22767| 1.06 227.67 0 0.04 0 0.04
0Q2 13.167 BA8 0.13 10.19| 0.13 10.21f 0.13 10.21 0| -0.02 0f -0.02
MNS2 13.127 B8 0.3 159.8 0.3 159.8 0.3 159.8 0 0 0 0
2N2 12.905 BfE 0.7 156.81 0.7 156.8 0.7 156.8 0 0.01 0 0.01
MU2 12.872 B5fH 1.16 162.03| 1.16 162.03| 1.16 162.03 0 0 0 0
N2 12.658 BfE 5.85 147.87| 5.85 147.86| 5.85 147.86 0 0.01 0 0.01
NU2 12.626 i 1.03 140.43| 1.03 140.42( 1.03 140.42 0 0.01 0 0.01
0oP2 12.456 BfE 0.44 38.95[ 0.44 38.96| 0.44 38.96 0f -0.01 0f -0.01
M2 12.421 B | 40.79 151.66( 40.79 151.66( 40.79 151.66 0 0 0 0
MKS2 12.386 B 0.75 27775 0.75 277.73| 0.75 271.73 0 0.02 0 0.02
LAM2 12.222 B 0.34 17253 0.34 172.53| 0.34 172.53 0 0 0 0
L2 12.192 &5fH 1.29 150.99 1.2 156.66| 1.29 150.96 0.09] -5.67 0 0.03
T2 12.016 B 1.07 155.18| 1.07 155.18| 1.07 155.18 0 0 0 0
S2 12.000 i 19.9 179.63| 19.9 179.63| 19.9 179.63 0 0 0 0
R2 11.984 BfE 0.54 353.64| 0.54 353.64| 0.54 353.64 0 0 0 0
K2 11.967 B5A8 5.42 175.67| 5.42 175.65( 5.42 175.65 0 0.02 0 0.02
MSN2 11.786 BfE 0.08 107.19( 0.08 107.19( 0.08 107.19 0 0 0 0
KJ2 11.755 B[ 0.4 31.4 0.4 31.37 0.4 31.37 0 0.03 0 0.03
2SM2 11.607 B5f8 0.04 8.39| 0.04 8.39| 0.04 8.39 0 0 0 0
MO3 8.386 FsfHl 0.39 228.88| 0.39 228.89| 0.39 228.89 0f -0.01 0f -0.01
M3 8.280 FfHl 0.81 146.81| 0.81 146.81| 0.81 146.81 0 0 0 0
SO3 8.192 A 0.15 275.34| 0.15 27535 0.15 275.35 0f -0.01 0f -0.01
MK3 8.177 s 0.22 236.64| 0.22 236.63| 0.22 236.63 0 0.01 0 0.01
SK3 7.993 B 0.4 73.3 0.4 733 0.4 73.3 0 0 0 0
MN4 6.269 K5 0.09 251.19| 0.09 251.18| 0.09 251.18 0 0.01 0 0.01
M4 6.210 B 0.44 214.72| 0.44 21472| 0.44 214.72 0 0 0 0
SN4 6.160 BsfH 0.06 201.06| 0.06 201.06| 0.06 201.06 0 0 0 0
MS4 6.103 F5fH 0.27 289.53| 0.27 289.53| 0.27 289.53 0 0 0 0
MK4 6.095 M5 0.13 269.35| 0.13 26933 0.13 269.33 0 0.02 0 0.02
S4 6.000 E¥FE 0.21 305[ 0.21 305| 0.21 305 0 0 0 0
SK4 5.992 K5 0.18 19554 0.18 19552 0.18 195.52 0 0.02 0 0.02
2MN6 4.166 A 0.02 85.39] 0.02 85.38| 0.02 85.38 0 0.01 0 0.01
M6 4140 B 0.03 80.49] 0.03 80.49| 0.03 80.49 0 0 0 0
MSN6 4118 BsH 0.02 129.08| 0.02 129.07| 0.02 129.07 0 0.01 0 0.01
2MS6 4.092 FfA 0.03 115.4] 0.03 11539 0.03 115.39 0 0.01 0 0.01
2MK6 4.089 FsfA 0.01 196.68| 0.01 196.66| 0.01 196.66 0 0.02 0 0.02
2SM6 4.046 F5fH 0.02 148.33| 0.02 148.32( 0.02 148.32 0 0.01 0 0.01
MSK6 4.042 5 0.02 109.63| 0.02 109.61f 0.02 109.61 0 0.02 0 0.02

- 113 -



Chikara TSUCHIYA

T, YRR 70 s 5 A TELNHEAERE
WCHER L 72 R3cifr d, M Rz e A CRE R
WekWwz 5759, Python oo 2 — Fig, itk
OWMBEBHEHMO 79 75 W2 X % F 5 H
&, BMIIHRARTO05ERZSL D0, IRIFIE
0.0l cm OHFET—F LT 5.

5.2 HEERMAICH T IHEBEDRE

B BT OB 7 — 712 10% T L IC AT
ISR ZFZE L7216 785 — D F — & % Al
SIREL T ERE R, ThEhoNy —»
T, MAEREHWTHM 2R L, ALK
X2 2 R OBEIE D S OFRED ZFe 05
MZFHE L7z (Table 3). A TSR Z#RE L
7o — AT, KW o8BI, SRR
WIEHW Wb oo, HEFMHEE OFREDFHHRICIE
JAnWTWwb Z EIgiFEELTBL.

NI 72 R D 722 A BEIE D> 515 5 73R E
B2 X 25 L BINE O 3 3R 0 R
&, 8.09 cm TH o7z, KGITHEIFT O o~
Fe AL, HARG R TEKIIZ 10
cm BEEHBE SN TWBED (£ - i, 2012),
CHED/AS v gliE, F BT OB E R
&, 14E & oBINE 2 SR 0% L IR B &
AHREL, o iRER T 10 455X bV
BLTRD L., WMOFHEESTH 5 Sa
Ssa 73, I O—4F, PEFHEHIC L S
bOXY G, BN EOZHAE X
DIRMFEALE R E WS B 720, T LICHRIE
CEMPRILD. ZD, b BHEOEIIE L

Table 3. The square root of the mean-squared error
values in the time sequences that have 0 to
80% missing ratio, in sporadic and continuous
missing patterns respectively, at Yokosuka in
2015. Unit is in cm.

3. 2015 AF ORRE I BT B BRI 20 0, e
GRUMOZNZNIZBIT 5 KHEE 0-80% D
RERFN DFRAED PO, HifLld cm.

RADOEE 0%| 10%] 20%] 30%| 40%] 50%] 60%] 70%]  80%

R B 7 R BY 8.09| 8.14| 8.23] 8.29| 8.39| 8.64 8.5 8.58 9.14
Y 7 KR 8.09| 8.14| 8.64| 12.87| 14.25| 28.1| 30.47| 269.51| 2148.27

HAEOFREZ, TOE 1VEGORAERE vz
(29 %%, 104E5 3 Lz ERE Wiz X D
HBINEL BB LITHEEVPLETH .
BIRIRI D8y — > TlE, KRElABEZ 5120
N TSP H I 2L, 80% DKMl
TR EEIZ M4 em & 2 b, BRI %
80% D KMIZ XV, 9.14°-8.09°=4.25" cm® D i
VB L7222k b, —JF, RO
y—F, ZHRTFHREORRIIHL A E W,
B 7% 40%, 50% DRMWD I8y — 2 Tld, 5
FRAEOHRIZ N E 14.25 cm, 28.10 cm
THH, TD10% THEAITH 3K (2810°-
14.25°=24.22" = 3x14.25°) bbb 5. Kl E]
£ 80%Tld, 13214827 ecm ICd %25,
R ROy — 20w TiE, KRllo#EE
RS 5 ZRSEH M EDONY R E, Rllo#EE
1%Z&ICFHELTFay ML (Fig. 2). &Killl
DEEITH T L HRA BB TIEZwb oo, —5
PR, RMDBZWIZERLEET S 2 LA
bbb,
ZFNZENOFRMERIC X 5 369 HFOHERHEZ
BUR RINCEATHER L 72D @ % Fig. 3 1R
T, BRRM DI — 2T, 80% DR H
HoThH, bLDFEIELHVZMMSHIZLS
WHOLGLEILAEEDLLRWI ENDb25
(Fig. 3b). HHERIKIM D85 — > TlE, KR
50% DAz, R O HEF AR BT & IR
o o BHEBHPALNS (Fig.3d). 2D X )
BICEOFHEH L, KMWOBEH40% F Tl
HFEDIZoXY LTWAW (Fig. 3c). HEHHK
Wiy —T, KRWEIE80% DRI, Hidx
W TN EIZA S, B0 B 5%
7D 20% D72 BRI —F L, MOFHD
WHAMEEE, 79 A4 F A1000cm O —F —
TRELIRBILTWwA (Fig. 3e). Thid, wb
WBHF—=IN—=T 4 T4 VT HRRELTNS,

53 HBERREAICHTIRMEHRORADE
BICHTHIRE
FFIER O RMOE S & DZEALZFEL RN
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Harmonic analysis of tidal data with missing values based on the least squares method

(a) Root mean square error in the continuous missing cases
for 0 % - 80 % at Yokosuka
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(b) Root mean square error in the continuous missing cases
for 0 % - 60 % at Yokosuka
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Fig. 2. The square root of the mean-squared error
values in the time sequences that have 0 to 80%
missing ratio in sporadic missing pattern. Unit is in
centimeters (cm). The (a) shows plots that are
0—80% , whereas the (b) magnifies the missing
ratios of 0 —60%.

2. 2015 FEORZHE IS BT % #Ae iy 2 KIIC BT %
R E S 0—80% DIERF D FFAE D I Iy
PHMR HAIE em. (a) RWES 0-80% D7
gy h.oo(b) TOHH, RMESE0-60% % L
KL72Ho.

72, Rill7Z: L o EB BT OB 7 — £ 12X 5
AMIEE (Table 2) CTHRWEAS5 em Pl & 725 9
2 @ 4 #] (Sa, Ssa, O1, PI, K1, N2, M2,
S2, K2) 2oV TiE, RMloHEE I & odiRiE &
EfM% Fig. 4 1R L7z, ZRBIREOKRE 955
Wz &0, 60 7T XTIZOWT, & 1608
y — BT HIRIE L B ORI L OREOfES
b D%, Tables 4—7 /R L7z, Tables 4, 51
IR KM D287 — >, Tables 6, 7 (il
KM@y — T, Tables 4, 6 ZKFOEHE
10 % —40 %, Tables 5, 7 (& &K # & #4550 % —

0% TH5H. %d, H2WMTHRRAEY), HHH
RMDI85 — 20w, BIBED? S 178 B
MIH LR, RMOEEZ 1% Z L12H S 272 80
Ny —ER L TEY, Figs. 4c, 4d TIEZFD
HWARkE 7oy LTV,

IR B2 R D787 — > OIRIE (Fig. 4a) 13,
FEM (M2, S2, K1, 01) Oz kT
b04emBETH Y, KUK LIAEEILL %
W, 8B LB TR E 7z Sa & Ssa DIRIE X
2 cm FEREBSIR 4. Fig 4b ISR L7221, Ssa
MBI FRENE L 2D, EDIEIEHRKTD 5°
LHZ L L7\, Tables 3, 4 & 5 &, BED
SFEITCTEMPRESEAL TS, TRHED
D EIRIEATI N LR TE 5.

R R KD 85 — > OIRIE (Fig. 4c) 13,
01, N2, M2 IZiZIZE A LZEAR WD DD,
ZFhPS DTy b L2 K & 2 LT A
H5N5. 2 cm LA EDIRIEOH A S5 DI,
Sa & Ssa I KPOEH 20%FEEES S, P1 & Kl
F40% FEEN DS, S2 & K21X60%HE2 5 T,
ZNEY S RUMOEEGDHZ 5 E, WMLV %E
BORL 2255, SHMIZIRIEASEINT 5. Sald
20% B & — FEIRIEDSRA L7zd &, 35% b 72
DICIRIEOM/NE AT, ZO®REML TS, 2
13, RIBOZIICHDLETHLWHRLSA SR
%. Sa# 5 Ssa L UPL & Kl % 4 ¢ PI1 —PHIL
WIZS2 & K2 Z2&E T2-K2 1%, K%
7% (36525 H) ' Td % (Table 6). 41 W i 7%
CODEBEDFE |o,- o) 1%, FRIIORS TIZ
LV |oi—g| >T ' EMESNDE (L1 —DF
). BT R ORE RV OB G ST T
A3 369 HE Y56, FHFI5 T 68 % i b M2
WRHIBRIZ (369 H) ' TH . SAIEEA KN
DEEIT LR ICZALT % 5001%, RRY 0K
ST &Y BUE S D B RTEO FBRIZE 55
WIS LT 5.

i
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Chikara TSUCHIYA

At Yokosuka
(a) Observed and predicted tidal data
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(e) 80 % continuous missing case
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Fig. 3. Observed (blue) and predicted (red) values at Yokosuka in 2015 above zero of gauge. (a) Estimated values
calculated with the harmonic constants taken from original observed values with missing values disregarded.

(b) Sporadic missing pattern with 80% missing ratio. (c) Continuous missing pattern with 40% missing ratio.

(d) Continuous missing pattern with 50% missing ratio. (e) Continuous missing pattern with 80 % missing

ratio. Unit is in cm.

3. 2015 AEDOREZEE IS BT 2 EMME () L HEEME (R).
(b) BIRHIZ 80% DRMMD IS Y — .
(e) MHEN 72 80% DKRMD /Ny — > HALIE ecm. Yo f7 (3BT FEHETm.

Buz X A5,
50% DR DI T —

DFTRTIZDOWT, 20154E1 H 1 HA 5 2016 4F
1H4H®369 HMDF—% 2 HvT, MRKZ%
K, SRR Rl Z R ZERIZoWT, Rillo
EE T M ERDOISE &2 M2, TTORR
SIS R AD - 72354 T, @iz /Kl /5
y— &, BBG S 178 BER H LUK, Kl %
REL, RMOEEE 1% (88.6 FR) Z & 12
&7z, Fig. 513, ANLIZRZGIH§ 5 5
PR EDEALZ R LD TH L. HHERD
=E, fidts, ALETIE, BWop#Ec, A
TR RMAZ:  TH ZPFHREIKREL, K

(a) RMlZREL WY & OEAMEZ W23 %
(¢) WH 22 40% DRMDINY — > (d) HEHel 7

ORI ) IRZEORIM D FFHFITRKRE V2D,
fE o 2 r —VE DI TWAE, BKENE LT
&, Rz LoRo ZfFREN6cm 2 T
> TWwa7Y (Fig. 5b), &MWL, #HED 10 5
DORAERDOTFHTIE% L, LERORAE %
T, SRR 72 4E O B R A1 & g
LTWa720, ZREPFERENP R YIS o
elEZoND. BRI RRMNOYE, %< ol
BT, RMOBEEZh b 5T PRI
T—EERo>Tw5b (Figs. 5a—5d). ZIIxfL
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Harmonic analysis of tidal data with missing values based on the least squares method

Table 4. The frequency difference of each tidal constituent and the differences of harmonic constants in the 10—
40% sporadic missing cases observed at Yokosuka in 2015, shown in comparison to the case with no
missing data. Unit of amplitude is in cm, and phase lag is in degree. Frequency difference under (365
days) " is indicated with yellow characters over yellow background. Differences of amplitude over 2 cm and
of phase over 15 degrees are indicated as red characters over red background.
F4. SEIEORBEEEE, MR ZKH10% —40% D85 — 2B 5 2015 F O RZEE B i o ez,
RillZe LOWED S D7 TR L2, RIBOWAIE cm, JEAOEAIZE. 5 OEEHZE (365 H) " DTk
WSRO C, IRIEAE 2 om, E7E 15 BEULRIIRE R CORL 7.

E | Al L | mzegzRAI0% | Mfe9uRB20% | MREEREL0% | mReh R0k
B mane |&E i | B BAE (REE EAE miEE  EmE wiEE  EmE
Sa e 1244 17565 | -0.37 2.15 -0.09 -0.50 0.12 0.87 1.17 5.46
Ssa 1 TR 520 25552 | 0.60 -0.39 1.55 -3.44 2.00 -2.43 -0.64 -4.60
Mm HTETETEY 159 102.19 0.25 -2.19 -0.29 -3.50 -0.33 3.19 -0.31 37.01
Mst IOy 2.30 326.12 0.39 -0.56 0.41 -0.43 0.24 172 0.16 -1.78
Mf 136 178.32 0.35 16.58 0.45 1463 0.72 2311 0.60 26.21
201 uf s 0.49 127.90 0.00 0.74 0.01 439 0.00 2.34 0.04 154
SIG1 1::5:::?:; 0.69 154.09 | -0.01 0.76 0.01 -2.25 0.01 -3.40 0.05 -1.63
Q1 T 391 151.11 0.03 -1.01 -0.02 -0.711 -0.03 -1.17 -0.14 -0.72
RHO1 — ST 0.83 14145 | -0.08 -2.00 -0.05 1.63 -0.04 1.16 -0.12 -5.59
01 T (92628) 18.86 159.25 -0.08 -0.35 0.02 -0.56 0.04 -0.63 0.00 -0.12
MP1 0.36 176.51 0.04 -11,78 0.12 -2.86 0.12 -2.92 0.24 -4.47
M1 11;'?13925.15351)] 1.00 171.83 | -0.01 -1.12 0.02 -4.55 0.01 -5.68 -0.05 -5.42
CHI1 VTET T 0.35 176.11 | -0.04 1.21 -0.18 -3.88 -0.11 -6.37 011 | 2372
P [= T 0.57 168.55 0.05 1.01 -0.02 2,00 -0.05 1.24 -0.03 -4.32
P1 — 7.82 176.93 0.05 017 0.12 0.16 0.16 -0.05 0.14 -0.34
51 — 0.43 61.88 0.06 -1.08 -0.02 6.56 0.01 8.40 0.03 11.02
K1 2439 17761 | 0.00 0.18 0.02 0.42 -0.01 0.35 -0.04 0.42
PSI1 0.43 220.76 0.03 7.52 -0.05 -2.92 0.00 -11.22 0.07 -1.45
PHI1 if(as.szm 0.27 165.22 0.06 -2.71 0.17 -4.74 0.24 -9.30 0.21 -17.43
THE1 0.35 200.14 | -0.02 0.27 -0.09 | -1954 | -0.03 | -1589 | -0.05 | -21.11
n Y/ 1205898 1.34 188.82 0.01 0.16 -0.11 3.55 -0.17 4.34 0,12 2.70
501 Lidch ) 0.15 265.34 0.04 28.10 -0.05 24.36 -0.05 6.83 -0.04 52.04
001 T’l{? 3:;?} 1.06 227.71 0.15 1.54 0.01 4.60 0.06 5.09 0.01 0.81
02 |- TIPYETER 0.13 10.19 0.01 -3.48 -0.07 | -2569 | -010 | -5559 | -0.08 |-162.70
MNS2 0.30 159.80 0.00 1.47 -0.04 9.94 -0.05 8.32 -0.04 0.43
2N2 1/A3).518) 0.70 156.81 0.01 1.41 0.04 254 0.00 6.56 0.00 12.05
MU2 WizhoSaH, 116 162.03 0.03 -0.33 0.05 -1.49 0.03 -2.90 -0.02 -2.12
N2 11;;{:015"119?) 585 14787 | -0.07 0.12 -0.19 -0.42 -0.24 0.70 -0.24 0.11
NU2 VT 1.03 140.43 0.01 2,55 -0.05 9.85 -0.10 6.82 -0.05 1.88
0P2 AT 0.44 38.95 -0.06 37.46 0.05 2.93 0.45 -19.31 0.25 5.64
M2 40.79 15166 | 0.03 0.29 0.11 -0.01 0.08 0.26 0.04 0.06
MKS2 MithR A 0.75 217.75 | -0.20 -9.75 -0.11 1650 0.32 29.72 -0.02 33,59
LAM2 RilaRsacl) 0.34 17253 | -0.10 3.68 -0.08 | -3666 | -0.16 | -40.36 | -0.10 | -52.34
L2 1{:{2305::: J) 1.29 150.89 | -0.08 4,56 -0.25 4.02 -0.21 -1.94 -0.12 -1.80
T2 ] (107 155.18 | -0.11 0.08 -0.07 214 -0.14 -5.03 -0.13 -4,74
s2 TR 19.90 17963 | -0.12 0.02 -0.14 0.03 -0.01 -0.23 -0.01 -0.19
R2 ————1 054 35364 | -0.10 -6.15 -0.08 -0.45 -0.05 1753 -0.09 17.51
ke 250 17567 | 005 141 | 008 130 | 016 268 | 018 228
MSNZ iz Aun) 0.08 107.19 | -0.01 10.94 0.06 46.66 0.09 44,65 0.04 50.09
K2 1:;(1:::22:; 0.40 31.40 -0.01 -3.19 006 | 1879 | -004 [ 1625 | -010 | -16.04
25M2 [— ST 0.04 8.39 -0.03 | -1840 | -0.01 34.62 0.01 20.82 0.00 52,49
MO3 I— T 0.39 228.88 | -0.03 -2.33 -0.02  -1063 0.01 -8.90 0.01 -4.87
M3 — T 0.81 14681 | -0.01 -0.31 0.01 -1.45 0.03 -0.28 0.03 0.43
503 0.15 27534 | -0.02 -5.31 0.00 -1062 | -001 @ -2040 0.02 -18.42
1/(182.628)
MK3 0.22 236.64 0.01 -1.15 0.03 0.11 0.01 -3.88 0.02 -12.56
SK3 lf:{l; ';:}i) 0.40 73.30 -0.08 -6.42 003  -1353 0.01 -17.25 0.02 0.55
MN4 — TR 0.09 251.19 | -0.04 28.21 -0.02 54,80 -0.05 67.10 0.01 62.78
M= T 0.44 214.72 0.01 2.40 -0.01 -1.56 0.01 -4.52 0.04 -0.98
SN4 0.06 201.06 0.00 11.78 0.01 14,55 0.01 -2.37 0.01 20.78
MS4 ol 0.27 289.53 0.01 5.13 0.02 4.96 0.00 9.45 0.01 0.63
MK4 11“!:{1?;::::) 0.13 269.35 0.04 -12.57 0.03 -18.55 0.03 -30.65 0.05 -16.06
54 TR 0.21 305.00 | -0.04 -8.27 -0.05 -9.00 0.01 -5.20 004  -1209
SK4 — ) 0.18 19554 | -0.07 -5.35 -0.07  -1201 | -013 | -3636 | -008 -12.11
2MNB T 0.02 85.39 0.00 -5.42 0.00 172 0.00 11.78 -0.01 2,68
M6 0.03 B0.49 -0.01 5.74 0.00 13.98 0.00 22.84 0.00 29.70
MSNE ﬂg;i;:z 0.02 129.08 0.00 9.49 0.00 5.67 0.00 17.94 0.00 25.22
2MS6 TR 0.03 115.40 0.00 -1.87 0.00 -1.68 0.00 5,03 -0.01 578
2MKG T716.068) 0.01 196.68 0.00 16.52 0.00 14.51 0.00 56.93 0.00 163.37
25M6 [— TETTR 0.02 148.33 0.00 356 -0.01 12.80 0.00 22,97 0.00 19.98
MSK6 0.02 109.63 0.00 5.57 0.00 30.35 0.00 59.39 -0.01 83.35

- 117 -



Chikara TSUCHIYA

Table 5. The frequency difference of each tidal constituent and the differences of harmonic constants in the 50 —
80% sporadic missing cases observed at Yokosuka in 2015, shown in comparison to the case with no
missing data. Unit of amplitude is in cm, and phase is in degree. Frequency difference under (365 days) ' is
indicated with yellow characters over yellow background. Differences of amplitude over 2 cm and of phase
over 15 degrees are indicated with red characters over red background.

5. WM ORMEEAEL, MREZRKM50% —80% D35 — X 12BIT 5 2015 4E O HE W ORI C K %,

KillZe LOKE 5 DZETR L 72, RIBOWALIE cm, JEAOEAIIE. SO EEHE (365 ) DTk
WSRO C, IRIEAE 2 om, E7E 15 BEULRIIRE R CORL 7.

] | Al L | mmegzRAS0% | MZa9uRB60% | MRS RETON | mReh sk
B mane |EE i | B BAE (REE EAE miEE  EmE wiEE  EmE
Sa e 1244 17565 | 078 6.04 0.45 8.14 1.43 7.38 2.06 2.35
Ssa 1 TR 520 25552 | -0.02 -1.52 -090 -10.65 | 0.64 -5.74 027  -13.23
Mm HTETETEY 159 102.19 | -0.11 54.65 -0.27 71.14 -0.02 34.60 2.81 58,64
Mst IOy 2.30 326.12 0.57 -29.27 0.31 3.95 0.78 24,53 1.63 2.50
Mf 136 178.32 2491 36.83 0.27 41.20 0.98 2813 0.55 -8.33
201 uf s 0.49 12790 | -0.03 3.09 -0.08 | 17187 0.00 3426 | -011 -8.28
SIG1 1::?:::?:; 0.69 15409 | -0.02 1.94 -0.17 0.98 -0.09 12.00 -0.31 -0.85
Q1 T 391 15111 | -047 -0.42 -0.11 -0.49 -0.27 117 -0.13 3.27
RHO1 — ST 0.83 14145 | -0.15 -3.03 -0.10 -4.47 0.05 0.42 031 -14.95
01 T (92628) 18.86 159.25 0.05 -0.42 0.28 -0.25 0.27 -0.44 0.34 1.13
MP1 0.36 176.51 0.28 .88 0.18 9.75 0.27 0.12 0.21 -3.65
M1 11;;(1392::6?] 1.00 17183 | -0.06 -8.21 -0.15 -9.28 012  -11.14 0.00 -15.52
CHI1 TS 0iE) 0.35 17611 | -0.08 | 4193 | -018 | 7126 | -024 | -7084 | -0.04 96.88
Pi1 T 0.57 168.55 0.01 -3.95 0.19 1.50 0.19 3.29 -0.55 | -32.94
P1 — 7.82 176.93 0.16 -0.02 0.11 -0.90 0.08 -1.44 017 -2.29
51 — 0.43 61.88 0.02 17.73 0.19 31.18 0.27 26.07 0.06 13.76
K1 2439 17761 | -0.02 0.33 0.11 0.63 0.02 0.55 0.07 0.37
PSI1 0.43 220.76 0.12 -7.20 0.01 -20.38 0.04 -29.14 0.28 -20.09
PHI1 if(as.szm 0.27 165.22 0.27 -16.61 0.30 -12.57 0.40 -12.65 0.47 -6.05
THE1 0.35 209.14 | -0.12 | -2238 0.01 -42.12 0.05 -25,86 0.07 -31.02
n Y/ 1205898 1.34 18882 | -0.18 3.44 -0.09 -2.86 -0.13 -4.70 -0.53 1317
501 Lidch ) 0.15 265.34 0.06 58.92 -0.07 | 11560 | -0.07 | -12042 | 021 63.18
001 11?{? i’\:;?} 1.06 227.71 0,04 9.82 -0.18 -0.85 -0.09 11.66 -0.09 -7.99
0Q2 VYT 0.13 10.19 -0.04 | -14176 | o024 [-11482 | 031 | -10462 | o050 |-11659
MNS2 0.30 159.80 | -0.06 | -16.38 0.00 4351 | -009 | -3613 | -013 -1158
2N2 1/A3).518) 0.70 156.81 0.02 7.34 0.11 0.86 0.18 8.87 0.00 35,68
MU2 WizhoSaH, 116 162.03 0.00 -6.33 0.08 -12.58 0.15 -18.44 0.23 -29.92
N2 11;:23015';19?) 585 14787 | -0.15 1.66 -0.02 0.09 -0.09 -0.70 0.11 3.14
NUZ VT 1.03 140.43 | -0.04 6.55 0.04 -0.88 -0.05 -2.67 0.04 -13.88
0P2 AT 0.44 38.95 0.48 30.96 0.35 8.70 0.47 -22.84 0.31 33,99
M2 40.79 15166 | -0.15 0.81 0.20 0.19 0.10 0.55 0.31 -0.48
MKS2 MithR A 0.75 277.75 0.24 3.40 -0.25 25.60 0.05 12.29 0.75 -5.20
LAM2 RilaRsacl) 0.34 17253 | -012 | -s@qr | -007 | -2731 0.02 -49.60 0.06 | -128.98
L2 1{:{2305::: J) 1.29 150,89 | -0.04 -2.63 0.04 1.32 -0.20 211 0.49 15.38
T2 ] (107 15518 | -0.35 | -2418 | -0.33 5,57 -0.65 | -20.66 0.25 4,21
s2 TR 19.90 179.63 | -0.07 -0.99 -0.01 -0.84 0.30 -1.58 -0.01 -1.85
R2 ————1 054 353.64 0.12 -1.69 -0.08 -8.33 0.00 51,53 0.54 -14.86
ke 250 17567 | 008 038 | 010  -003 | 001 43 | 027 529
MSNZ iz Aun) 0.08 107.19 0.08 68.66 0.00 76.95 0.14 110.87 0.09 100.97
K2 1::(138::22:; 0.40 31.40 0.06 -1032 | -0.05  -1232 0.21 2656 | -004 | 161,69
25M2 VTR 0.04 8.39 0.03 -2293 0.01 | -10558 | 0.15 -2.78 0.59 -97.45
MO3 I— T 0.39 228.88 0.03 -4.69 0.00 -4.65 0.03 -10.51 0.10 -8.59
M3 — T 0.81 146.81 0.05 1.78 0.05 3.46 0.09 5.87 0.03 161
503 0.15 275.34 0.02 -8.87 0.14 8.08 0.09 9.59 0.02 5.26
1/(182.628)
MK3 0.22 236.64 0.03 -16.85 0.01 -47.43 0.03 -64.56 0.03 -67.01
SK3 l{:{l: ';:HB}) 0.40 73.30 0.04 -9.98 0.19 -8.03 0.25 -16.31 0.10 -2.50
MN4 — TR 0.09 251.19 0.03 717.16 0.05 99.33 0.08 124,53 0.01 142.72
M= T 0.44 214.72 0.04 -1.92 -0.03  -1144 | -0.06 -0.78 0.08 0.31
SN4 0.06 201.06 0.00 27.89 -0.02 | 12650 001 | -170.08 | -002 | 11392
MS4 ol 0.27 28953 | -0.04 -3.60 -0.03 -2.41 -0.06 5.50 -0.10 -8.33
MK4 1:::?:{'}5::3 0.13 269.35 0.01 -36.02 0.01 -39.63 0.06 -49.76 0.07 -6.04
54 TR 0.21 305.00 0.07 -9.09 0.07 -6.63 0.13 6.54 0.03 1.50
SK4 — ) 0.18 19554 | -0.04 42,71 -0.05 44,34 -0.03 12.03 -0.04 54,12
2MNB T 0.02 85.39 -0.01 3.69 -0.01 | -2126 | -0.02 @ -14865 | 0.00 17.20
M6 0.03 B0.49 0.00 35.49 -0.01 26.28 0.00 57.10 0.02 35,51
MSNE E’:giiégi 0.02 129.08 0.01 27.46 0.00 49.63 0.01 93.39 0.01 68,99
2MS6 TR 0.03 11540 | -0.02 22.99 0.00 2303 | -om | -2133 0.01 -11.96
2MKG T716.068) 0.01 196.68 0.00 102.82 0.02 -163.04 0.02 161.99 0.01 116.99
25M6 [— TETTR 0.02 148.33 0.00 9.35 0.00 6566 | -001 | -12032 | -0.01 | 14462
MSK6 0.02 10963 | -0.01 73.93 0.00 | -11513 | 0.02 -92.40 0.04 -52.05
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Harmonic analysis of tidal data with missing values based on the least squares method

Table 6. The frequency difference of each tidal constituent and the differences of harmonic constants in the 10—
40 % continuous missing cases observed at Yokosuka in 2015, shown in comparison to the case with no
missing data. Unit of amplitude is in cm, and phase is in degree. Frequency difference under (365 days) ' is
indicated with yellow characters over yellow background. Differences of amplitude over 2 cm of phase over
15 degrees are indicated with red characters over red background.

6. WM ORBEEEL, HEN K 10% —40% D85 — 2B 5 2015 FORZEE B i oAz,

KillZe LOKE 5 DZETR L 72, RIBOWALIE cm, JEAOEAIIE. SO EEHE (365 ) DTk
WSRO C, IRIEAE 2 om, E7E 15 BEULRIIRE R CORL 7.

¥ | mmaL | EEosRB0% | #EGERB0% | e RBEes | SRescndok
Sle| masE lRE  EA KSR EAE FEE  BAE [FEE  SeE  [REE S

Sa | ... | 2244 17565 | 037 215 | -200 754 | 855 3691 | 808 5665

Ssa [ emy| %0 2552 | 060 -039 | 197 843 | 458 3738 | 622 3923
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Table 7. The frequency difference of each tidal constituent and the differences of harmonic constants in the 50 —
80 % continuous missing cases observed at Yokosuka in 2015, shown in comparison to the case with no
missing data. Unit of amplitude is in cm, and phase is degree. Frequency difference under (365 days) ' is
indicated with yellow characters over yellow background. Differences of amplitude over 2 cm and of phase
over 15 degrees are indicated with red characters over red background.
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Harmonic analysis of tidal data with missing values based on the least squares method

At Yokosuka
(a) Amplitude in the sporadic missing cases
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At Yokosuka
(b) Phase in the sporadic missing cases
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(d) Phase in the continuous missing cases
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Fig. 4. Variation of harmonic constants for (a, b) sporadic or (c, d) continuous missing cases in Yokosuka. (a, ¢) is

Amplitude and (b, d) phase.
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Chikara TSUCHIYA

At Honshu east and northwest At Kyushu coasts
coast and Tokyo Wan At Seto Naikai and Nansei Shoto At Nanpo Shoto
(a) Root mean square error ({b) Root mean square error (c) Root mean square error (d} Root mean square error
in the sporadic missing cases in the sporadic missing cases in the sporadic missing cases in the sporadic missing cases
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(e} Root mean square error (f} Root mean square error (g) Root mean square error {h} Root mean square error
in the continuous missing cases in the continuous missing cases in the continucus missing cases in the continuous missing cases
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Fig. 5. The square root of the mean-squared error values between the original observed time series and the values

X 5.

7z.

estimated from harmonic constants derived from the sporadic (top row, a to d) and continuous (middle and
bottom rows, e to 1) missing patterns respectively, and were observed at 20 different gauges under the
jurisdiction of Japan Coast Guard. For a, e and i: Chiba (blue), Yokosuka (black), Yokohama (red), Kamaishi
(green), Tappi (purple), Awashima (yellow). For b, fand j: Kure (blue), Hiroshima (black), Tokuyama (red),
Ooita (green). For c, g and k: Hakata (blue), Sasebo (black), Oodomari (red), Izuhara (green),
Nishinoomote (purple), Naze (yellow), Nakanoshima (cyan), (d, h, 1) Kozushima (blue), Miyakeshima
(black), Hachijoshima (red). For e to h: In the middle rows, the maximum value of y-axis is set in such way
so that all data of root mean-squared error can be shown. For i to I: In the bottom rows, the maximum of y-axis
is enlarged to 100 cm in order to show the detailed changes of root mean-squared error for the missing ratios
up to approximately 60%.
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Harmonic analysis of tidal data with missing values based on the least squares method
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