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Abstract:

The Platzman M: tidal map synthesized from normal modes of the
world ocean is used to compute the gravimetric ocean loading and
attraction effects. The calculations are made at several conti-

"nental stations and are compared with results obtained by using

the Schwiderski map and with observations. These comparisons show
that the Platzman maps are not appropriate to estimate indirect
effects. .

Plan

Introduction

1. Description of the Platzman m;ps.
2. Gravity locad computation.

3. Numerical resulis.

Conclusion.
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Introduction

At the International Center for Earth 7Tides (ICET), the
Schwiderski cotidal and corange maps _for @, O, B, Ki, N, Mo,

Sz, Kz and Mr are used to compute the ocean loading effects. They
are al the present day the best global maps because they provide,
world wide, the closest results to the observations (Melchior,
1981). '

In a series of papers (Platzman 1978, 1883, 1985, Platzman
and al. 1981) Platzman has described the development of a finite
element barotropic model of the normal modes of the world ocean
and, from these normal modes, he has synthesized the tides for
the world ocean for Oiy Ky, Mo, S24 Mi, S1y, N2 and le components.
This procedure to construct the cotidal maps is quite different
from the usual method which consists to solve the Laplace’s tidsal
equation using tide-gage data as constraints.

The goal of our paper is to compare the gravity load vectors
computed from the M: cotidal maps of Schwiderski and Platzman
with the observed residues and so to check the validity of the
Platzman maps for loading estimations. Indeed, if the results for
the M map are satisfactory ones could hope that the Mi, S and
lz Platzman maps which are not computed by Schwiderski should
have the same accuracy.

1. Description of the Platzman maps

The maps contain 743 nodes (figure 1) where elevation
amplitude and phase for the tidal constituents are given. From
these nodes, I covered the world ocean by a triangular grid of
1298 elements. Except near the coasts, the triangles are
approximatively equilateral and have an average side length of
6.9 degrees. They cover an area of 3.29 x 10%® km? and have an
gverage area equal fo that of a2 4.5 equatorial square. The maps
do not cover the North Sea, Baffin Bay, the Gulf of Mexico and
Caribbean Sea, the Bering Sea, and all of the marginal seas on
the east Asian coasts (Platzman and al., 1981).

2. Gravity load computation

In the first step, the surface and the barycentre are
computed for each spherical triangle. In the second one, the
values of the amplitude and the phase converted to two components
in guadrature of the tidal M: constituent are interpolated at the
barycenter using the data at the three vertices. Two different
methods of interpolation were applied. The first method was a
simple linear interpolation (as Platzman advised in a personnal
commriication to Melchior in 1986}): the plane which contains the
three vertices is constructed and then the values of the phase
and the amplitude are evaluated at the barycenter.
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_The second method was a cubic spline interpolation {Inoue,
1986). This last method was rejected because instability appeared
for some triangies.

In—the .third and last step,-_the response of the Earth to

ocean loading effects at a given station is computed by a convo-

lution of the Green’s functions derived by Farrell (1972} for the
Gutenberg-Bullen A model with the mass {surface x amplitude) of
each spherical element from the Platzman map. To obtain the total
response, the direct or newtonian attraction of each mass is
added. For this 1last effect, +the altitude of the stations 1is
taken into account {Melchior and al., 1980}.

3. Numerical results.

The gravity load vectors have been computed for several
continental stations over the five continents (table 1). They
were not computed for coastal stations because the results will
be certainly not reliable due to the low resolution of the
Platzman map. Indeed, the side of the triangles have a length of
sbout 700 km and it is not physically realistic therefore to
calculate the loading effects at a station close to the ocean.

In the table 1, the results of computation performed with a
mass correction (Melchior and al., 1980) in order to conserve the
total mass of the world ocean are also presented. All the results
computed with the Platzman map are compared with those obtained
by using +the Schwiderski map. Obviously the observed tidal
residues are fitting better to the load vectors obtained from the
Schwiderski map. In order to try to understand the difference
between the two maps, they are compared for an area of 30° x 30°
in the North Pacific (figure 2).

There is no similarity between the both maps and then it is
not surprising that the results are quite different.

If one makes a comparison continent by continent, one can
conclude that the gravity load vectors obisined from the Platzman
map disagree very much in phase with the observed residues except
in Africa and in amplitude except in North-West America. In
general, phases and amplitudes always disagree and when seldom
one of them is in sgreement the other disagrees.

Conclusion

The computation of the gravimetric ocean loading and
attraction effects shows that the Platzman maps are not
appropriate for estimation of indirect effects. The reasons are
that the resoclution of these maps are too low and that Platzman
did not take account of ocean loading and self attraction as well
as tide-gage data to compute his maps (Platzman personal communi-
cations to Melchior 1986 and 1987).




Caption to the figure 2

The Schwiderski and the Platzman maps are compared in this

figure.
o'e d
L
227

Note: . :
longitude and latitude of the points are not the same as

xxx = phase (in deg.)
yvyy = amplitude (in cm)
zzz = if zzz exists, it represents the number of the

nodes from the Platzman map.

it represents a point interpolated from the Platzman
maps.

~ . ~ the

those of the different maps. For example, all points of the
Schwiderski - map must move from 0.5° in latitude and
longitude. But, for our purpose, there is not inconvenient.




|9
<

D he " 2 " " [ or 7 ] E P a7 am a2
6 ] 1o L] & 1 3 i . [ & . 1n "
D — * - - - - - Ll . L3 + L] * -
L. -
: E "o 13 13 103 L s " 7& L] *n n W ? " Ers] 340 a
ki 11t 10 * 4 1 - ] - b 4 d i 3 - n
| e | +— * . . - r - - - . . - M - . .
he 114 "1 107 108 = L] ” = % a w * ™ 245
< L " ] 1 0 i H [ bl ] 5 H T [ [
fraae - . . L) . . ] . . . - L3 . *
ke " "t (1. (L] ~ 5 [ 1] "% o 40 ] 41 1
1] +H 13 13 19, L] . 7 [ 3 [] T i
— L L] * . - L] - . - L] L] -
1%e "3 "y 111 m! 106 103 . AL T 1 lé b I 27 18
h? 3 13 11 x [t 11 H ) § £ T & 7
25 — ] + . - . . L3 . . . . . ) .
136
T Y LAE (3} 1 G L1} 103 A1) 7 ™ Lol Ny L] BL L1 »
(] " +7 16 18 1 L) 5 1" ] L] 1 i [ ] T
- - - . * ) . . . . » . . . .
- . =
W 8 14 143 L1t} Ll ] L1 193 Ll [ =] » " L " (4] w
13 1] " tr 18 15 12 13 [t # 10 L] L] . H
. . . . * ) * . ) . - . . . . .
1E e 1n2 13 \TH "o 10€ 101 * % °0 -~ [ [ ;
H a8 Fol s + 11 1 12 i iz " 11 10 :
4— . - . + + - . . - . . + H
ht g "3 " 13 "i 102 0 103 - ” L1 " L] "
Be n an n [ 1] it 11 113 13 I " 13 3 1t
farm. . . . . . - * . ) - [ + . i
" " " 415 u"r 114 ‘o 1rs 100 -~ - " (1] a1
ke E-] & F-) n 26 20 T " " " 1) H +
o0& ¢ d k . : : . . . k . K Kk _
|tg 1" "e QH 13 1 113 e 10k 10d +na ay - L7 L] lx '
ar r4 ] & P~ a2 il & 1% 1] " + (1 1 '
— . . . - . * . . . L} . . . L) . H
1&3 " e ng "y i A3t ~ e 08 100 L1 - - L ]
" E] Fil a al [ = e [1] [ " 1] " 18 . (1]
. . . * . . * - . - ) . ) . + *
i L
| =] At 15K 10 nt L37 ) LT3 117 b "l w0 1.0 -~ 3
lia ] a i 2 41 ol 44 i ar iz hn & "
— - . - . . + * . » . . . »
tRé it -] 12) i "e 11k "t i lﬁ 0] 10) wa .
pa o 42 4 0 ) £1 &6 23 ] il <0
— - . L] . . . . - [ . . .
1 AL " R3] .- (1] e e "y 1"e "e w0 106 W07 +00 ~
o - I3 -« . g1 » Lol Ll - L1} = L} " -
’I 5 e - . . . . + . . - ) . . . . .
e 18 123 1 " "t m “"e L3 1] " 141 o8 wn "~
1 a 48 Pl - a2 a i E-J 2 % & < -3
— . - . . . . . . . - . .
£l 1z! Lty it -] LF] 110 13 122 120 1" Ht 13 " 101 "0 100
=3 ] 40 FH o i & 42 J0 F] 41 Pl % 4 F-
L ot L) - . . . ) . ) . . . - - . -
e = s L] w 188 L1 i (L1 LE ) "y . 1) "e 08 104
ba - a1 a9 3 J1 5 ] -3 Jae -0 [ - a I I [
— . . . . . . . ) . . » - * . -
-39 =1
1| L+ 190 k-] [F.] L] [t [t 124 123 1] 1 (Y1} "y o "1 ]
3 ol -l - - 27 F 4 43 - o I L 2 " & b
— . - * . . - - . . . . - - . + H
3
tﬂ 1 i 1 L) 1] 1o (113 RE -] w3 LE ] (3] ] 19 109 !
3 «3 -l at wll r 51 Ji %2 I 40 ik a1 £ |
‘1 - - - - - . - L] L] - + + + . !
;
IE:J x5 an A wh ALl 1% 13 e wt " n3 ; A11] " "
L] ) -t ol s -t e Je Fal A - o ol ” LH -
-— - + - - . * - . . . . ) + . .
T Tl m "w L1 " " "’ Lt [11} o e "y s
hT o - oy -l - 21 Jr i rt] ” - Fi P
— - - . + . - . . . . * . .
" Rtr] l?g LE-] 14 1 ) AF1) 12 tn mw LT3 i ‘ﬁ 1xh IE
3] a7 - v -] L1} o ” H N ) 421 o i
L ot * + - - L] - - L) - - - - - L] -
JapT L LEH] 1 ™ s (E] " 134 113 L] e e 71 (1L}
he -y 6 ) - s ] - a £ M F 'l at L3
e - - - > - - - L - - - -* - L
[i4 -3
. 30 12 108 1”1 AR 1] L) [t 134 1 LE: o Rt 123 "
- . ) [ - “ " e s 3 Ll A i 2
5 . - - . - . » . . - - - - . -
kb e s&p L) 12% 1 L3 131 2% 233 wn 12 121 e
M -3 ok -£ “3 - -0 L a1 +3 E -~ +h £t
- - - * L] - - . - - - - - -
1k a1 103 i i 10 (L 1en 13 LE. ] 31 Lkl 13 - " 10
& - at 4T o . -4 - Ju » ) - - F i
— . - . - - . . + * - . . ) * .
143 143 L] "% (T} g 148 s i sar 136 134 o
k] 1 I ] -3 wd i - = H I n F
- - L] - - - - - - - - - -
(r:) Ty fres “aag da wy 1z i wn 134 " e 13 1]
B ot al 3 3 2 -0 -~ - de s rl m £
- . . . . . -« . . . . ) 4 -
n "
O 1 { | v | | | I ] l 1 | } 1 |
: ELH >
180 -4175 —47N _are




.. ™
! x3 82 o] 230 FIL) »s ne ass na i Mo o] nt E3
iz 13 1< [T 15 14 " VE +E 38 i ALD it 1T h=
- -* - - - - - L] L - - L4 -
xz e 2] aze ) B4 a2y He My mE 2 £3 .
" 1% [ W [hl " O - i I R ia 23 =
. - . - . - . . - . - .
i
o] e L] ; 23 b 3 ™ =] -l am 325 E
L1 (11 12 3 % 14 3 " [k % " 1< k] E
- . » - + - . . - . - .
m %7 Az o3l Mo Hn 1 F oAl 30 0 aer e ] 07 e
an 1% 12 3 1% [F-1 15 % T3 113 13 a3 13 B2
. . » . . . . . - . » . - -
3 kol fon) e k) ) Erdl I k| ko) M Eay Eall R %
] . 10 " 13 7 i1 15 1% 14 iz 13 [+3 H
. + - . ) - . 0 - . . - -
1% L o ) LR R [ ] 3 1 f +
L] [ [ s 13 ‘v 11 € 15 1" (3 1% 3
+ . . - * . . + . . + -
136
-1 0 a2 =~ 12 & . L1 3 Fald 1l [ ] 13 12 K2
L] [ L3 [ 1 L] 1% U3 13 " 3 3 3
- . * - . . - . . - » - .
m
- ] 38 23 L34 & 13 Ea) [ 3
* - [ "w (3 e 17 13 13 [k b
- - » - ,. - * L] - -
k] ELd [ -] 62 [+ k1] = . e =]
1 " " 15 ‘2 * [ i1 [} 1
. - . + - + . .
" " &1 £3 e ar ko) ai 3
[} [F] 13 172 14 1 ri " 1] 1]
* - * + * L] L
lg 4 Ly 21 73 &3 1 End e {%
+ 15 173 " L] &l ol o £n i
* - - - * - L] - -
[} [ 13 i 73 [+-} 63 [~} " 0 &7 43 <3 41 ol
L vE 6 i3 +E §1 " L el o ) a 4 =3
+ - . - + . -+ - . - - . -
- 23 ®w " »r co “8 » -r “ -’ & i
1 [} 1" §T 1" 3 L} e it a a £2 &3 =
- L] L) - - - - + * - - *
[LE]
« 13 2 ] 1% [ ] € 5 = ] b e ] ke ;
L1 113 " [1] H 3 [1] 1" 4an 4 21 '+ =] < i b N
- Ll - L - L - * - - * - - -
[
- " 1 w & L 23 [ - = b 1] % -
L 18 L] 18 ] & & & & “ & Fal k= |15
- - . . ) . ) - - . -
- - az ™ E w & = bl anr o -z a1 2 :
il In 20 20 20 &0 21 -3 r= rel r F ol L al
- - - - * - - - L] - - - - . (D
L k-1 0 [ ] " " & L & 20 “<t E+d I'e —
- 2t Fag o til £a &~ -] ad -3 Al =
. + L] . - - L3 - - - - [,
- a6 ” 2] " n 2 €« -1 1<) &0 LY = .y s
= R F3 == 22 £ =2 41 £ L i FL e
- - - -+ » - - - - L] - - - -
n L] ~ &2 ™ kx " o o 3 b b 2
22 3 F a2z &2 3 €2 “~ 41 <F £7 . " g
L] - - L] - - - - L] L] * - -
ez e
1) k13 L4 Ly ” L4 L1 | Fl o -3 [=] b} -3 rd
E &l £ Pr £ & £ - o & &t 27 L g]
L] - - L) - L] - - - - L) - -
LU 101 - " (1] ™ 73 n (1] [ L3} - e
o 24 a5 £ =~ F3 3 ~ 3l
* * - - - - - - L) L2 -
ne " »y [ L " 13 i [ £ -
E-] 23 - 48 -~ i 217 Ll Fal ot
- L] - - - - L) L] - - - - -
‘E 97 E 2 " L+ " “% 4r =2 - £l =l
<k < 2 Fid Fi] ) n 41 2]
* + - - - - » - - - - -
" 4 107 Ll - - L. Lil b, ] iz L1 = m an r
- -~ xn L d = 48, &1 *1 ¥ -, el a4 {F3
. - . . . . . . - . - - - .
! £
n"e i 80 88 04 ey 43 ki ] (23 (=3 n -
E+ = L] 2 i a1 Fil Fo o ” Fil
- L] - . - - L] . » . - L] - L]
aor
kr 1"t "o 112 - " L ” L -] L] " %]
23 1 & 2 'y 21 &7 -3 - 41 2
- L - + . L] » - - . - -
= n"e 12 e 104 LE]) L1 -n ” 1" o n as - H
o = 3 ot F 4¥ o A 't -~ Fi d i
- . ) - - . ) . . . . - - -
" [T1) "z a7 " L1} n ® 5] " ™
Fo) il an P 47 4R g £ ~ &
. - . . . - - . . - -
18t L1 ] 1 n L] * " 1" -2 a8 3
o £% 4 &2z a = Fal &6 41 > M Az
. + - - - - . . ) . - - .
nr:' ~
-
! 1 I8 ] I ] | ] 1 | | 1 ' ]
ane nr
AN _4€8 -15N




Acknowledgments

I wish to thank B. Ducarme for reading my manuscript and for

manyvaluable discussions. _Prof. P, Melchior is greatfully

_acknowledged for supporting my work and reading my manuscript.
Thanks are also due to C. Poitevin and to R. Verbeiren {or
providing the drawing and spline subroutines.

REFERENCES

Farrell, W.E., 1972: "Deformation of the Earth by Surface Loads”
Reviews of geophysics and Space Physics, vol. 10,
K*3, 761-797.

Inoue, I., 1986: "A least-squares smooth fitting for irregular
spaced data: Finite-elemeent approach using the
cubic B-Spline basis”.

Geophysics, 51, pp. 2051-2066.

Melchior, P., Moens, M. and Ducarme, B., 1880: "Computations of
tidal gravity loading and attraction effects”.
Bull. Obs. Mar. Terr., Obs.R.belg., 4 (fasc.b), 85—
113.

Melchior, P., 1981: "Les interactions des marées terrestres et
des marées océaniques”.
Ann. Géophys., T.3t, fasc. 1, pp 189-198.

Melchior, P., 1983: "The Tides of the Planet Earth”
2nd ed., Pergamon Press, Oxford, 641 pp.

Platzman, G.W., 1978: “Normal Modes of the World Ocean, Part 1:
Design of a Finite-Element Barotropic Model
J. Phys. Oceanogr., 8, 323-343.

Platzman, G.¥., . Curtis, G.A., Hansen, K.S. and Slater, R.D.,
' 1981: “Normzl modes of the World Ocean, Part 2:
description of modes in the Period Range 8 to 80
hours™.
J. Phys. Oceanogr., 11, 579-603.

Platzman, G. W., 1983: "World Ocean tideé synthesised from normal
modes”
Science, 220, 602-604.

Platzman, G.W., 1984: “Normal modes of the World Ocean, paris 3
and 4: tidal synthesis”
J. Phys. Oceanogr., 14, 1521-1550.

Schwiderski, E.W., 1980: "On Charting Global Ocean Tides”
Rev. Geophys. Space Physics, 18, pp. 243-268.




