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Exploring Estimation of Paleo-tides and -tidal Currents Using a
Harmonic Analysis Method in pre-19th Century

DO-SEONG Byun#*

AEH zhEsf Whae ol g3 HRSH(1597d 28 98 169)8 2L 1947] oF dAHd sid P aE
(@25 FA TR 24 (EF) 23 IS0 o) AHEE T ¢ 108 tidal package(10S)$h Task-2000
tidal package(Task2K)e] 57bA] AEdss AxraS abrolc}, o| 258 1088} €8] Task2K7} 1801%] o171 Al
o et A GE&F) FAte] Brhsd dg Aelsiginh. &, 92le] 1947] olal Al-(1801d, 1800, 1597 1€
19 A7g)ell thste] 73k AERH g2 Bl A3 1801de A9 dxjsigion, UA d1e HEHs g 2}
o]7} ZHth. o] 19009 7102 TH1El () AR AR HEWES S T3k Task2Ke AIAe]
1801~2099%1 & Hojd o] tisfir] & de A3 AR Fgro2n WdAshs FAlolth, wheba a5
HE o E 00009 1€ 1Y AR g 7IFo® FAE GaE A AIE ANEEE 1089] RS ARE AL
S0 2ZH Task2KAME 22D EF)S 2488 5 9t).

We examined five astronomical variables formulas of the two conventional harmonic prediction programs
(I0S tidal package (10S) and Task-2000 tidal package (Task2K)) in relation to hindcast of paleo-tides and -tidal
currents on historical navel battlefields such as Myeongryang Naval Battle (September 16th, 1597 according to
the lunar calendar). Through the comparison of the resultant values in a certain time {00:00 January 1) of each
year (1801, 1800 and 1597) calculated from the two different formulas, we understood that the reason why
Task2K is incapable of hindcating them in pre-19th century. Specifically, we found that the Task2K formulas
directly using the Gregorian calendar date did not identify leap years in calculating astronomical variables
beyond the period of 1801-2099. Therefore, the I0S's formulas, which use the day number referenced on mid-

night 1/1/0000, are recommended for use in hindcasting paleo-tides and -tidal currents on historical navel battles
in pre-19th century.
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A e} A - dsetellr] Lot oakA &)
A3 25 dist At AR A 71EAZE o]
St s Rls BAsh=t] JloiA IFAR F shuoltt. A
el e dofihs 24 AAEY F 7P AgsHA 45
7Fsgt @4 F sholrh. UnkA o ® ASAtE 25 ASA]Ho|
et 2@ FH)E AS387] Ysto] 24 (%F) 2328l (harmonic
analysis)io] ARSI 9120, Akl 10S tidal package(Foreman,
1977; 1978)9} 9= Task-2000 package(Bell ef al., 1999)7} 714
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AL Task-2000 package(Task2K)2} I0S tidal package(I0S)E
Zyzy Abgslo) 243 2HE Rska gt ol AEdueE
& AR ALl Bd oo i 24 & H)E 5T
4 9JthByun and Cho, 2009). +ARH, o] <% d2lE FA1
Ao Agapd 3124 @250l st 4 hindeast) T 7Fs31tt.

Task2K3= 108l njsto e &g ae)gol] Fhdstchs 4488 7}
22 1ot 180120997k 5t FAk) ofjFo] ThshE R A8
717l ik 84S 7ER I QUTH(Beli et al., 1999). 01213 Task2K
7}z Qs AE V)72 Sl gigh 2ol o] AT el |
717} H it

o] A7 FAEDE o] 4et At sl dist 1241
Z5) A" A7 JARA, FF FAELD] FA FA g2
2Ee] A4 dsle] 2HEF) dio] REHoR ANREE
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1088} Task2Ko} HERSF ALt du2|E5S A2 v|wste 1
38 AHHESIC Task2KolM ARESIAL Qe 24 EFH)AS
zEjEo] 1801 olA 715 A7t EAlshs Al7]el diste] 4t
o] 7FsakA] e dQE IR, o] EAlC] SHAWHE AAl
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10S2} Task2K M 2t 4 A|

3RS ol g8l A A (EHE A feiM B
ZE() PRI Azhgl A FA71 S B2E o
BAH H 287wy 2T FIAIZH(V,) Fel 71EF o=z
B}, Voot (f uys S7HA AEWS(G, b, p, N, p)ard T
(Table 10|22, XN (IXF)E FE3H F4sh7] s 3
3 AR ko) FAto] 4A ot} whebA Task2K7F 1801d
old A7)of disl] nERA@EFyRAte] BrFsE e vlet
317] 918l AEAF AN EL A Egic),

10S9} Task2K®] Z24@EF)elE ZE20IA s71R] ] HE
T s AR ko] AMSshE A& Table 28} 2t} F AlAk
A BT ZEA 0T JHF 5L AR 9t A AAH
02 A8l 189283 (Gregorian calendar) & 95 ¢
¥ o F ALgRIt) It = AREE lske] B33 631 ot
717l (Her Majesty’s Nautical Almanac Office, 19615 AMLSh=

Hl

Table 1. Main lunar constituents’ composition, angular speeds (o)
and their ¥y, » and f expressing functions of astronomical variables
listed in Table 2

Tide Composition o(*/hr) Vo uf

M, 2T, 289841042 f(s, B)  f(V)
N, 2T,s, 284397295  f(s, b, p) f(N)
K, 2T,+2s, 30.0821373 §i0))] FN)
K, T,+s, 15.0410636 Fh) N
O Tp5p 13.9530356 fis, ) i)
P, T,5,-2h, 14.9589314 N Q) -

4

108] 3¢, 94919) 2 gE YA ‘GDAY’ MEFEE
AHgEt) AAIEZA) 7139 00009 1€ 19 7E(00:00S A
o7 FAF I (&, Table 29 Aol TYE B4 F A
TS gk AXksith

A ¥ Ad5E e ® AREshE 1089 FEHAS At
AL 1947] o)A FF ) 24& Ak QlojA o B
A7t k. whEd, Table 2004 & 5= QLFo] ARG At
19008 71&=(T=0)22 TelneEs AH AN Task2Ke
1801'A%-E] 20993705t 23189} 34t - d&o] 7HssIh(Bell
et.al,, 1999). ©]¢} B3I 40009 @ o} A7l thgh 08¢} Task2K
o] HEHSF A AHTS Lolriy] 314, Table 201 A=
1088} Task2Ke) AR AXraAE ARE-3le] 1801, 1800\,
1597 (@ Fa0] dojut ) 242l 8 19 19 gl diet 5
7R B ghg AR B £ SR 2RI M,
Fzo) tsled ol HERS] R AXtEE BHAYT(V,)
3 BAHQAY F) 2RI AL ) AR ARHE 8 T31ITH(Table 3).

1 A3 1go1dell uidt F S TR s AY
X B ARAE oF 5= Qi) et oA #iel 18007 1597
Aol ek 1089} Task2KolM Alxbe HEH 3k, 53] s AEH
g ko) o7t A2t 1399 26°% TRE AEHS #tell 8ls] & =}
olZ Rty I3 F7P7F 1890 b8 AS- 180093 1597
tisle] 24zt 10¢} 20 AJolS KRl 0|2 & A (EF)Sel
el F2 AR MS HEAFAV(sh)] Zel7t 18003 =
24.4%]31 1597 48.8°% AATH M2 AN f)+ B3
ZHu)e F 273 Alolo] &2 210](0.05~0.08)F Kol i
315 N&) S0 B E (Table 1), 18.619.02 Wl g9 e
%8 A (nodal modulation correction)®]] thaliid Auia o2 wizlst
A okt

9] A7 2 RE TaskoK ST 2 7L HFEHT AR &
d AA] §HA ) Fel] 1801 o] whgt e HEHS F
o] BrVssithe AME o & Stk &, Jeugge
o7 4dup} $dE AT, 40002 o] BoR)E s@Ed)

Table 2. Formulas for five astronomical variables used in IOS and Task2K tidal prediction programs

Formula(unit: °) g7} = ¢(To) + ¢(T-Ty)

Ast i .
Svl;{ﬁ)ﬁlsc o Period 108 (Foreman, 1977) Task2K (Bell et al., 1999)
Time origin (T=0): 1200 UT Dec. 31, 1899  Time origin (T=0): 0000 UT Jan. 1, 1900
T Mean lunar day (7,) 1.03505 solar days - ’ - -

s Sidereal month (s,)

27.321582 solar days 5=270.434164+13.1763965268

§=277.0247+129.38481

T-0.000085 T 10°°+0.000000039 T 10" (Y-1900)+13.17639 DL

h Tropical year (/,)

p Moon's perigee (p,)  8.847 years

N Moon's ascending 18.613 years
node (V)

P Perihelion (p’,) 20942years

365.242199 solar days #=279.696678+0.9856473354
T+0.00002267 T*

p=334.329556+0.1114040803
T-0.0007739 T*-0.00000026 T

N=259.183275-0.0529539222
T+0.0001557 T0.00000005 T

p=281.220833+0.0000470684

#=280.1895-0.23872 (Y-1900)
+0.98565 DL

P=334.3853+40.66249
(Y-1900)+0.11140 DL

N=259.1568-19.32818 (Y-1900)
-0.05295 DL

p=281.2209+0.017192 (Y-1900)

T+0.0000339 T* +0.00000007 T2

Here T=the current DN-693961.5
(noon 31/12/1899)

DL=-[INT[(Y-1900)/4]}+D-1 (for 1801-1899)
DL=INT[(Y-1901)/4}+D-1 (for 1900-2099)

Note that DN is the day number based on the Gregorian calendar date from 1200 UT on Dec. 31 1899 (DN=693961.5), INT(X) gives the
integer value of X, Y is the year and D is the day number in the year.
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Table 3. Values for five astronomical variables and the astronomical argument (¥,) and nodal modulation factors (x, /) of the M, at 00:00
January 1 in 1801, 1800 and 1597 calculated from the formulas listed in Table 1

Fundamental astronomical variables (°)

M, constituent

Time pe s h » N » 7,0 () 7
00:00 108 111.699 280.168 266.115 13.920 279.519 336.937 359.506 0.963
1/1/1801 Task2K 111.694 280.167 266.125 13.917 279.519 336.946 359.485 0.964
I0S 342.314 280.407 225.452 33.248 279.502 236.184 358.967 0.969
1/(1%%%0 Task2K 329.133 279.420 225.351 33.299 279.502 260.575 358.825 0.969
ITask2K 342314 280.407 225.452 33.248 279.502 236.183 358.827 0.969
108 71.561 280.573 245424 359.480 276.016 58.024 0.110 0.962
1?10/:105097 Task2K 45,195 278.598 245.296 359.566 276.012 106.805 0.016 0.963
ITask2K 71.561 280.573 245.424 359.480 276.016 58.024 0.019 0.963

Note that [Task2K is the case of “Task2K’ used in ‘10S’ formulas for five astronomical vatiables.

Table 4. Values for the M, astronomical argument (¥) at 00:00 January 1
in 1000-1800 calculated from the tidal prediction programs of 10S
(Foreman, 1977) and Task2K (Bell et al., 1999)

V5 (unit: °) of M, Difference

Year —1o3 Task2K  (unit: ) Note
1800 236.2 260.6 -24.4 non-leap year
1700 106.0 154.8 -48.8 non-leap year
1600 0.3 49.1 -48.8 leap year
1500 230.1 303.3 -73.2 non-leap year
1400 100.0 197.5 -97.5 non-leap year
1300 329.9  91.8(451.8) -121.9 non-leap year
1200 2242 346.0  -121.9 leap year
1100 94.1 240.3 -146.2 non-leap year
1000 324.0 134.5(4945) -170.5 non-leap year

= Ag 10007 vFre] "ojA= sl Hdog s et
Task2K:Z Table 201 AJA|E HEHS: AR o] AR E = Wt A)
ARDL)PIA & 4= 3150] 1801 o)A sl thaliA 10008 b
ol ol = 3 F 40022 1o} Wox)= s S Al9)skn &
F7F @ Gzl AR R AERSE AR IR Ak 9] g
A 71t

o] gt AME 10S9} Task2K ] HE - AAFE 710004 1
19 0A1FE 180093 12 19 0474 dlid ARhz $E 341
M,8] BEPFZVy(s,h)] ARE B3} g2 Mg FaAE 3
g 5= it} o] & 1008 S E Table 49 AAIS AaolM
T 8lxol, 1800 1€ 199 1089} Task2KS] Myell thi3k v
717}k 236.184°9) 260.575°2 ©15 7k AJol= 2440}, o] xjo
E Mpatxl] 44557 28.98410429h0| B2 (24 hnS H3
AIQ] 335.6%(-24.4)9F UAST}. 5, 236.184°(-24.4°)=260.575°
o] 2 18002 7%, Task2K2] AEAAI 0] 3155 & 118t
o ArbelgliEs & ok B FEshA drgsid, 1801d o)A
A7l k] o] xlol= 10022 ol HolA)= 5 = 4000
FZ o] Holx] &= afl (160043, 12002 A28 #1800+, 1700
g, 1500, 14001, 13004, 11004, 10000l thal 8157} &
Ats]o] o) & slimitt oF 2440 W 2}o)7} ] S (Table 4).

o] A Task2KelM AME3RE 57FR] HEHE(Gs, b, p, N, p)

ol

flo Mz rQ i, e

=

AAEE 10804 ARgah= & T J338t 4] (Table 1) 0% tiA)
o zx |7 AT 5 9lrt. 1088 AEHS AAAE Task2K
o A& (ITask2K)ato] 180003} 15973l thate] ThA] AlAksH
A}, M2l Vi 1088 ALE datel AL UASHH(Table 3).
4 B

o] AT-E Tl 2AEFH) 2 2 T A5E Azl BH
o g wo] AT QIE “I0S tidal package’®}t “Task2K package’
o] AFHAE AAEAE v wake] Task2K7H 1801 )& Al7]o) o)
3o} Fko] 7bEskA] e 990 Helsisitt. 1 A7) Task2Ke)
AR Aak darglFo] Zhs &3d AR SHAIZ 18k 1801
| o]@a 2099 o] ol thah A ()2 FAk oj=o] B}
S AMLE 2A HRA ST el e E kS Y @
o7 AMEER= 1089 TS AR duaEe AgstE 47
o] ZAIE AT F it

o] AT FEFAOR FARES ARl IR (IEFE
AEH s gt 71zATolth o] AT AHE AFEORE o
°F JosKt TZ o] AA e st 5YE Task2K
oA BES TR Hgato] Hald FAle] AT 257
g AAg Aol

oz Lajate] AAQke- 202141718 AX 7Hol v, vt
ZAG B AA B e Ak AR sk 9AKE W
o] A (&F) EAo] agA o ® A v Qlrk. whekA Ab
A e dage 294 A Ads B3t A AEE
gut2 A AeiAEl] AsiAle TR At L o9 A
AGARZ (G i )t lFEYASAREH 2/ 5
o AAR A7t Q7-E)

ZAlel 2

98 sk AEH FAT 2AE FA AAGADA 7
A=), o] A FES Y AlFATH] (AR 2000-2033-
307-210-13) Aol 3l s dZAR S kmArA T Ao
Rl S SeaRl=y
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