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ESTIMATION OF TIDAL ENERGY DISSIPATION AND DIAPYCNAL
DIFFUSIVITY IN THE INDONESIAN SEAS

I Wayan Gede Astawa Karang'??, Fumihiko Nishio'” And Takahiro Osawa’

Abstract. The Indonesion Seos separating the Indion Oceon from the West Pacific Oceon
ore representative regions of strong tidal mixing in the world oceons. In the present study,
we first corry out numerical simulotion of the barotropic tidal elevotion field in the
Indonesion Seos using horizontolly two-dimensional primitive equotion model. It is found
that, to reproduce realistic tidal elevations in the Indongsion Seas, the energy lost by the
incoming borotropic tides to internal woves within the Indonesion seos should be token into
occount. The numerical experiments show thot the model predicted tidal elevations in the
Indonesion Seos best fit the observed dota when we toke into account the boroclinic energy
conversion in the Indonesion Sgos ~86.1 GW for the M, tidal constituent ond ~134.6 GW
for the major four tidal constituents (M,, S,, K;, Oy). For this baroclinic energy conversion,
the value of Kp averoged within the eastern orea (Hoalmohera, Serom, Bonda ond Maluku
Seas), the western area (Mokassor ond Flores Seos), oand the southern area (Lombok Strait
ond Timor Passage) are estimated to be ~23 x 10* m*s”, ~5 x 10* m’s™, ond ~10x 10™
m’s” respectively. This value is obout 1 order of magnitude more than ossumed for the
Indonesion Seos in previous oceon generol circulotion models. We offer this study os o
worning ogainst using diopycnal diffusivity just as o tuning parometer to reproduce lorge-
scole phenomena.

Keywords: Baroclinic energy conversion, tides,
Indonesian Seas, internal waves, tidal elevations

barotropic diapycnal  diffusivity,

1. Introduction

The Indonesion Seos ore among the most
significont generotion regions of the internol
tide in the world's oceoms. The orea is
chorocterized by strong barotropic tidol
currents [Hotayomo, 1996] os well as
promingnt topogrophic features ond 20-150
GW of M2 barotropic to baroclinic energy
conversion is expected to occur [Niwa ond
Hibiya, 2001; Egbert ond Ray, 2001;
Simmons &t al., 2004; Lorrouy ¢t ol., 2007].
Internal tides generated by tide-topography
interoctions then breok cousing vigorous
diopycnal mixing. Indeed, using on
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odvection-diffusion model ond orchived
data, o lorge diopycnal diffusivity exceeding
1 x 10-4 m2 s-1 is inferred for the
Indonesion thermocling [Ffigld ond Gordon,
1992; Gordon, 1986].

The tronsformation of water mass
properties toking place in the Indonesion
Seas is importont not only for local
phenomena but olso for global oceon heot
ond moass budgets. The Indongsion
Throughflow (ITF) connects the main
thermocling woters in the Pocific ond Indion
Oceons. The ITF tronsports relotively worm,
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low salinity thermocling woter from the
western Poacific Oceon through the
multitude of the Indongsion Sgos ond straits,
to the Indion Oceon [Gordon, 1986; Hirst
ond Godfrey, 1993; Miyoma &t al., 1995;
Schiller €t ol., 1998]. Diopycnol mixing
within the Indongsion Seos significontly
olters the thermohalineg stratificotion ond the
velocity profile of the ITF [Ffield ond
Gordon, 1992; Gordon &t al., 1994]. For
example, os the ITF carries North Pocific
thermocline water from the Sulawesi Seato
the Mokassor Stroit ond Flores Sea, then to
the Bonda Sea ond Timor Seo, the salinity
minimum ot 300 db are greotly attenuoted
[Ffield ond Gordon, 1992]. Water moss
tronsformation in the Indonesion Seos then
offects global oceon circulation. For
example, Schiller et ol. [1998] carried out o
numerical experiment using on oceon
general circulation model to show thot
temperature ond solinity distributions in the
Indion Oceon are subject to large diopycnal
diffusivity in the Indonesion Seas [Fficld
ond Gordon, 1996].

Although vigorous diopycnol mixing in the
Indonesion Seas is thus on importont
physical process, quontitotive gstimates of
its intensity have not been corried out. The
tidol energy availoble for mixing processes
has olso not yet been reliobly determined
[Ray &t al., 2005]. Although Hatayomao
[2004] coarried out vertically two-
dimensional numerical experiments to
demonstrate that breoking of lorge
omplitude internal waves ot Dewokong Sill
in the southern Mokossor Stroit con produce
lorge diapycnal diffusivity ~60 % 10-4 m2s-
1, spatiol distribution of “mixing hot spots”
in the Indonesion Seos hos not been clorified
yet.

In the present study, we first show that, to
reproduce reolistic tidal elevations in the
Indonesion Seas and surrounding region, the
energy lost by incoming barotropic tides to
internol waves within the Indonesia Seos
should be token into occount. Next, the
diapycnal diffusivity in the Indonesion Seos

is quontitotively estimoted in terms of the
model predicted boaroclinic energy
conversion. In this study, we mainly focus
on the most dominont M2 tidol constituent
[Hotayoma et ol., 1996], although the results
of numerical experiments for other mojor
tidal constituents (K1, O1, ond S2) are also
discussed briefly.

2. Numerical Experiments

The model region in this study extends
from 920E to 1420E in longitudinal
direction ond from 200S to 230N in
lotitudinal direction (Figure 1). This covers
the entire Indonesion Seos ond surrounding
region. The open boundaries ore ossumed
sufficiently oway from the Indonesion Seos
to prevent the tidal field in the Indonesion
Seas from being disturbed by the reflected
waves from the open boundories.
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Figure 1. Model domain ond bothymetry including the Indion Oceon ond adjocent seos. Contours of the
bathymetry are 50, 100, 200, 500, 1000, 2000, 4000, ond 6000 m, respectively.
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The governing equations ore the
horizontally  two-dimensionol,  depth-
integrated Navier-Stokes  equations  in
Cortesions coordinote system given by

on

F d
< < - 1
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where ¢ is timg; x ond y ore defined
positive  eastwoard  and  northward,
respectively; u ond v ore the depth-
averoged velocities in the x ond y
directions, respectively; f=2: sin ¢ is the
Coriolis frequency with the ongulor
velocity of the Earth’s rotation ond ¢
latitude; g is the occeleration due to
gravity; n is the free surfoce elevation;
D=H+n with H the local ocean depth; ('is
the forcing equilibrium tide;
[ multiplying is the effective Eorth
elosticity which is assumed to be 0.693 for
the M, ond 0.736 for the K, tidal
constituent following Kantha [1995]; n,,,
is self-attraction/loading term induced by
ocean tide which was calculated from the
global oceon tidal model by Matsumoto et
al. [2000]. The bottom stress is
porameterized using quodrotic law with o
bottom drog coefficient C; = 0.0025. F,
and F), ore horizontol viscosity terms given
by

L e S G 2]

F,= —[ZHAH 5 6X[HA (5+§)] 6]

with Ay the horizontol eddy viscosity
coefficient determined following
Smagorinsky [1963].

The governing equations (1)-(3) oare
numericolly solved using o finite
difference method. The grid size is (1/15)°
both in the longitudinol ond lotidunol
directions. The model topogrophy is
obtained by averaging the bathymetric doto
from “GEBCO” within o 10 km radius ot
gach grid point.

[10] A slip boundary condition is
ossumed olong the lond boundaries. At the
open boundories, tidol elevations oare
specified on the bosis of the colculated
results of Matsumoto et al. [2000]. The
model is thus driven by these boundaries
forcing os well as tidol potential forcing.

The model is driven for 15 days from on
initiol stote ot rest for semidiurnol ond
diurnal tides, by which time the model
oceon ottains quosistotionory oscillations.
The colculoted time series for the final four
tidal periods are harmonically analyzed to
obtain the amplitude and phose of eoch
tidal constituent. For the energy bolonce
calculotion, the data averoged over finol
oneg tidal period is used.

3. Tidal Elevation

Indonesian Seas

Coamplitude ond cophase charts for the
M, tidal constituent ore given in Figure 2
ond 3, respectively. The spatiol potterns of
coomplitude ond cophose chorts are
qualitatively consistent with those from
previous numericol studies [Hatayama et
al., 1996; Ray et al., 2005].

Field in the
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Figure 2. Calculoted coomplitude chort of tidal elevations for the M, tide (interval is 5 cm).
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Figure 3. Calculoted cophose chart of tidal elevations for the M, tide. The contour interval is 15
degree. The phaoses are referred to Greenwich.
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The M, tide response is clearly
dominated by the lorge tide from the
Indion Oceon, where amplitudes are well
over one meter off northwest Australio.
This wove is delayed slightly (obout 2
hours) os it posses into the Bondo ond
Flores Seas. Those seos ore sufficiently
deep thot high tide occurs olmost
simultongously throughout both basins.
From the Bonda Sea, the M, tide passes
slowly northwords through the Molucca
Sea region. From the Flores Sea, it

propogates  slowly  northwords  into
Mokassor Strait ond westwords across the
Jova Sea.

The colculoted tidol elevations ore
now compored with the observed dato. The
observed doto used here are tidol hormonic
dota from international coostol tide gouges
records provided by K. Matsumoto ond
Department Eorth ond Plongtory Science,
University of Tokyo. Figure 4 shows the
spatial distributions of the tide gouges
stations in Indonesion Seas ond odjocent
oreos. The observed data were taken from

(deq)

Latitude

174 coostol tide gouge stations for the
mojor four tidol constituents (M,, S,, K,
O;). The nomes ond locations of each
station ore described in oppendix. We
calculote the root meon-squore (RMS)

difference defined os
RMS ] costor =0,)- ., cosbrr 0, )t ©)

whae T is the tidd peiod;, ® is the
frequency; n ond O ore the omplitude ond
the phose, respectively; and subscripts obs
and mod represent the observed ond
colculoted hormonic constonts,
respectively. Figure 5 shows the RMS
difference between the colculated ond
observed tidol elevations. The RMS
difference between the models predicted
tidal elevations ond observed dato in the
Indonesion Seos overages ot 11.18 cm.
This volue is olmost the some os those of
previous numerical studies (for example,
the oaveroge of RMS difference of
Hatayama et al. [1996] is 11.2 cm).
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Figure 4. Spotial distribution of tides gomges stotion in the study argo. The color scole shows the amplitude of
M, tidol constituent for gach station.
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4. Parameterization for the Baroclinic

Energy Conversion

As mentioned before, large amount of
incoming barotropic tidal energy is lost by
the baroclinic energy conversion in the
Indonesion Seas [Niwa and Hibiya, 2001;
Egbert and Ray, 2001]. In order to
reproduce accurate tidal elevations in the
Indonesian Seas, the momentum gquations
(2) ond (3) are modified to include the drog
stress term associated with upward
baroclinic energy flux in o monner similor
to those of Jayne and St. Laurent [2001]
ond Tanaka et al. [2007].

Using o stondord internodl  wove
relotionship, the upword energy flux over
rough bottom topography con be expressed
as

1 !
e e T S R
= )
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Figure 5. RMS difference between the models predicted tidol elevations ond observed dato

where N is the buoyancy frequency; ond w
is the vertical velocity ossociated with the
upword propogoting internol waves with
horizontal woave number £ ond frequency A
[Gill, 1982; St. Laurent and Garrett,
2002]. Strictly speoking, however, this
expression is volid only for small scole
topographic features and not for prominent
topographic  features found in the
Indonesion Seos.

Since the area of concern is near the
equotor so that f =0, and N is much
larger thon the semidiurnal ond/or diurnal
tidol frequencies, the verticol energy flux
(7) con be simplified to

F, = PN w? (8)
k
Equation (8) provides rough estimates
of baroclinic energy conversion when it is
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evoluated at the oceon bottom. w ot the
ocean bottom is opproximotely given by

wW=u—+v— ©)]

The drag stress term porameterizing the
baroclinic energy conversion is then given
by

1 , U
T, = —NbW u2+v2 (10)
1 , v
e (1))

where N, is the buoyancy frequency at the
oceon bottom which is colculated from o
climotology of salinity [Levitus et al.,
1994] ond temperature [Levitus and Boyer,
1994]. Equations (10) ond (11) ore
incorporoted into the momentum gquations
(2) and (3).

Following Jayne and St. Laurent [2001]
ond Tanaka et al. [2007], horizontal wave
number k is regarded here os o tuning
porameter to find the most accurate tidal
elevation field in the Indonesion Seos. It is

olso expected for the poramster k to
{deg)

20 e
16

12 &

Latitude

100 110

compensate possible errors brought by
severol ombiguous ossumptions in this
porameterizotion such as somewhot crude
incorporotion  of  bottom  boundary
condition.

Figures 6, 7 ond 8 show the result of
numerical experiment where the drog
stress terms with the optimal volue of
k=2m/(100 km) ore incorporated into
momentum equations. We find thot the
RMS  difference  averaged in the
Indonesion Seos for numerical experiment
with poroameterizotion con be reduced
down to 6.30 cm, which is obout half of
the RMS difference for numericol
experiment  without  porometerization
(11.18 cm).

The results for the other three mojor
tidol constituents (S,, K; Op) ore
summorized in Toble 1. We con see that
ofter incorporating the poarometerization
(10) ond (11), the spatially averaged RMS
difference is reduced by a factor of two for
each tidal constituent.
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Figure 6. As in Figure 2, but for the result of numerical experiment including parometerizotion.
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Figure 7. As in Figure 3, but for the result of numerical experiment including parometerizotion.
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Figure 8. As in Figure 5, but for the result of numerical experiment including parometerizotion.
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Tobel 1. Averoged RMS difference between the model-predicted tidal levoations ond observed doto with ond
without porometerizotion, the volue of the tuning parometer k£ which gives the most accurote tidol
elevations in the Indonesion Seos for the major four tidol constituents (M,, S,, K; Oy)

M2 Sz Kl Ol
Without porometerization, cm 11.18 7.62 12.06 10.44
With porometerizotion, cm 6.30 3.96 8.48 5.84
Volug of 27/ k, km 100 100 100 100

5. Estimates of Energy Lost by the
Barotropic Tides to Internal Waves
On the basis of the colculated result in
the previous section, we con estimote the
energy lost by the barotropic tides to
internol waves in the Indonesion Seas.
Equations (13} (3) con be combined into a
single energy conservation equation given

by
ot o oa 1]
a[zpo(u +v9)D zpogn]

(12)

~ Vi(poeDun)- vV [%po(u2+ vz)uﬂD] + poeDUV (BL)

+PogDa-V773AL* Py |a|3 POEINbWZ —Disy
where Disy; denotes the energy dissipotion
associated with the horizontol viscosity.
Figure 9 shows the spatial distribution
of the sixth term on the right-hond side of
equation (12) which represents the energy
conversion from barotropic tides to
internol woves. We con seg thot o lorge
omount of gnergy is fed into internol waves
in the Indonesion Seos especially over the
ITF region with o series of lorge, deep,
semi enclosed-bosins connected via norrow
straits. Three main regions of lorge energy
conversion in the ITF routes con beg
distinguished on the mop. The energy
conversion for entronce routes of ITF is

represented by energy distributions in the
eoastern (A) ond western (B) oreos. Exit
routes ore represented by southern oreo
(C). Toble 2 shows the estimotes of och
term in equation (12) integroted within the
white rectongles in Figure 9. We con see
that energy conversion from barotropic
tides to internol waves reoches ~51.9 GW
in the eostern oreo. (Holmohera, Serom,
Bonda ond Maluku Seas), ~7.5 GW in the
western areo (Makossor and Flores Seos),
ond ~26.7 GW in the southern orea
(Lombok Strait and Timor Possoge). The
spatiol distribution of energy conversion in
the entronce ond exit routes of ITF is
therefore highly heterogengous. The results
show A. B ond C areos ore “hot-spot” for
internal  waves  generation  with  cleor
differences with other ports in the
Indonesion Seos.

The results for the other three mojor
tidal constituents (S,, K; O;) are
summorized in Toble 3. The total energy
conversion from barotropic tides to
internol waves in the whole Indonesion
Seas reaches ~134.6 GW.
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Figure 9. Model predicted distribution of the energy conversion rate from the borotropic tides to internol
waves. The energy balonce shown in Toble 2 is examined within the white rectongles.

Tobel 2. Energy bolance (GW) within the white rectangles in the Indongsion Seos®

Holmohero, Serom, Mokasssar ond Lombok Stroit ond
Parometer Maluku ond Bonda Flores Seas (B) Timor Passages (C)
Seas (A)
Net energy flux into domaoin -51.0 -7.2 -27.0
Work dong by tidal forcing 1.9 -0.3 2.2
Work dong by the solid earth -5.1 -0.8 -3.6
Energy dissipation rote due to 1.9 0.7 2.4
bottom friction
Energy dissipation rote due to 0.1 0.0 0.3
horizontal viscosity
Energy dissipation rote dug 51.9 7.5 26.7

to internol wave generotion

See Figure 9.
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Tobel 3. Estimates for the energy conversion from the borotropic tides to internol waves in the Indonesion
Seas for the major four tidal constituents (M,, S,, K, O))

Energy conversion to internal wave (GW) Semi diurnal Diurnol
M2 S2 K1 Ol
Holmohero, Maluku, Serom ond Bonda Scas 51.9 10.3 17.4 7.8
(A)
Moakosor ond Flores Seas (B) 7.5 2.5 1.0 0.5
Lombok Stroit ond Timor Passages (C) 26.7 6.6 1.6 0.8
Total 86.1 19.4 20.0 9.1

6. Estimates of Diapycnal Diffusivity in
the Indonesian Seas
Turbulent dissipation rote & (W kg™) is
related to the convergence of upward
energy flux of internal woves emonoting
from the bottom topography. In the present
study, the expression of ¢ follows St
Laurent et al. [2002] ond Tanaka et al.
[2007] such thot
e:%E(x,wF(z) (13)
where E(x,y) (W m™) is the baroclinic
energy conversion, ¢ is the local
dissipation &fficiency, namely, the fraction
of energy likely to dissipate locally b
turbulent processes, ond F(z) (m")
represents the depth dependence of
dissipation rotes satisfying

_[ZF(z)dz:l (14)

Following St. Laurent et al. [2002]
ond Tanaka et al. [2007], we ossume

F(z) ‘“”‘P[_(H—*Z)/‘;] (15)
¢li-exp-1/¢ ]
with A500 m. Although ¢=0.3 is
suggested os on upper bound “local
dissipation efficiency” for the semidiurnol
internol tides [St. Laurent and Garrett,
2002; Klymak et al., 2006; Legg and
Huijts, 2006], there is no definite general
information on the volue of ¢. Beoring in

mind that there must be lorge uncertainty
of the volue of ¢, we employ here o crude
assumption of ¢=0.3 for both the
semidiurnal ond diurnol internal tides.

The diopycnal diffusivity is estimated
following Osborn [1980], nomely,

_re rEGxY)F(2)
N? pN?
where y is the mixing efficiency ossumed
to be 0.2 [Osborn, 1980]. Figure 10 shows
the distribution of diopycnal diffusivity K,
verticolly averoged throughout the water
column. As in Figure 9, three moin regions
of high diopycnal diffusivity value con be
distinguished. We con see that the
distribution of K, is close to the
distribution of energy conversion on thg

Figure 9.

Although significont diopycnol mixing
with Kp > 100 x 10* m’s™ can be found in
the Indonesion Seos, such “mixing hot
spots” ore much limited. The volue of Kp
averoged  within  the eostern  oreo
(Holmohera, Serom, Bondo ond Moluku
Seas), the western areo. (Mokossor ond
Flores Seas), ond the southern area
(Lombok Strait ond Timor Possoge) are
gstimated to be ~23 x 10* m%s™, ~5 x 10™
m’s™, ond ~10 x 10 m’s™, respectively.

(16)

64 Internationol Journaol of Remote Sensing ond Eorth Sciences Vol. 7, 2010



Etimation of Tidal Energy

Figure 10. Distribution of diapycnoal diffusivity verticolly averaged throughout the water column.

7. Summary and Discussion

In the present study, quontitotive
estimates of diopycnal diffusivity in the
Indonesian Seos hove been carried out. For
this purpose, we have paid attention to the
result of numericol experiment that, to
reproduce reolistic tidal elevation field in
the Indonesion Seos ond surrounding
regions, the energy lost by the incoming
barotropic tides to internol waves within
the Indonesion Seos should be token into
occount.

We have porometerized this baroclinic
energy conversion in terms of drog stress
terms which are incorporoted into the
momentum gquations. It hos been shown
that the model predicted tidal elevations in
the Indonesion Seos best fit the observed
dota when we toke into account the
boroclinic energy conversion in the
Indonesian Sgos ~86.1 GW for the M, tidol

constituent ond ~134.6 GW for the mojor
four tidal constituents (M,, S,, K;, Oy).

On the basis of this energy conversion,
we have estimoted diopycnal diffusivity. It
has been shown that the value of K, vory
from o few 10* m’s™ to o hundreds of 107
m’s™. The averoged volue of Kp becomes
~23 x 10" m’™ for the eastern orea
(Holmohera, Serom, Bonda ond Moluku
Seos), ~5 x 10 m’s™ for the western orea
(Makasor ond Flores Seos), ond ~10x 107
m’s™ for the southern orea (Lombok Strait
ond Timor Passoge), respectively.

There ore some limitations with the
numericol opprooch in the present study.
Most serious one may be found in the
oversimplified porometerization for the
baroclinic energy conversion. For more
occurote estimotes of diopycnal diffusivity
in the Indonesion Seos, o sophisticated
poroameterizotion  better  suited  for
prominent  topogrophic  feotures  is
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necessary. We olso need more accurate
information obout the locol dissipation
efficiency ¢. In order to reproduce more
realistic tidol elevation field in the
Indonesian Seas, we might olso need morg
occurate bathymetry doto ond high
resolution numericol experiment
[Koropitan ond Tkeda, 2008].

Not only the averaged volue but also
the spotiol distributions of Kp revealed in
the present study are very different from
those ossumed in the previous oceon
general circulation models [Schiller et al.,
1998]. Diapycnal mixing in the Indongsion
Seos is known to have greot impocts on
large scole circulation ond water moss
properties not only in the Indonesion Seas
but also in the Indion Oceon. We believe
that the spatiol distribution of Kp revealed
here, therefore, must be taken into account
in the future numerical models in order to
better understond the global oceon
circulotion.
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Appendix: Observed dator obtoined from international tides gouges record in the
surrounding Indonesion Sgos
No  Longitude Latitude Station Amplitude (m) Phase (deg)
E N/ S(- M2 s2 KI Ol M2 s2 Kl o1
1 113.59 423 Miri 0.16 008 036 031 3419 22 3233 270.6
2 121 6.04 Jolo 0.17 0.11 026 025 2266 2723 3151 2749
3 115.04 5.02 Muora Horbour 031 0.15 04 036 346 25 329 271
4 115.24 451 Posor Lawaos 0.31 0.14 0.47 0.41 339 29 313 264
5 11439 437 Serio. 021 008 035 031 300 1 313 265
6 12538 7.05 Davoo 0.59 03 0I5 002 1554 1971 2375  207.6
7 13149 259 Heren Syo 0.49 023 019 016 2032 2294 2126 1947
8 12158 2.32 Bosngkoe 0.44 018 027 0.8 3599  67.1 2934 2586
9 12255 3.8 Pocloe Kokoila ~ 0.54 0.17 028 019 20 842 3044 2916
10 12251 531 Wodjo B 0.49 015 031 017 92 893 3045 2767
112237 528 Boston 053 0.16 031 02 66 708 3107 2809
12 12238 542 Bola (Bocton) 05 0.14 027 021 76 557 3057 2819
13 107.06 035 Tebon Islet 0.05 003 028 027 1757 1278 1142 305
14 10734 0.59 Tombelon B 0.09 004 02 023 1018 1499 927 24
15 122.16 -4.53 Poloe Galia 0.68 0.23 0.35 0.2 11.3 74.5 303.1 280.3
16 12218 5.13 Tompona Who 0.57 017 033 021 83 634 303 279.2
17 12148 5.1 Pocloc Baleora 0.56 018 037 019 3583 574 2925  275.7
18 12028 6.07 Benteng 039 0.1 032 021 3549  66.1 2999 2721
19 11447 7.1 Pocloc Telongoe 025 015 04 022 3208 3244 300 264.8
20 11527 7 Swoebi, Kangean ~ 0.26 0.14 027 017 3175 3428 2984  270.1
21 115.05 -8.06 Buleleng, Bali 0.29 0.15 031 021 3212 3428 3087 2565
2 1153 8.32 Teluk Podong 0.34 017 032 0.7 3014 337 2963 262.1
23 1153 841 Sanur, Bli 057 0.14 038 02 2764 333 3213 2561
24 121.06 7.07 Kg. Bone Rate 045 011 031 019 07 568 2042 2814
25 109 744 Cilacop 05 025 019 012 2484 318 2828 263.6
26 106.24 724 Genteng B 037 0.19 0.2 007 2346 3072 2564 2402
27 106.36 535 Duizend E. 0.01 005 028 007 2702 228 1712 136
28 112.38 5.5 Sangkapura B 0.04 0.05 0.43 0.25 64.1 15.7 326.2 291.9
29 112.34 -6.54 Ujung Pangka: 0.03 006 051 024 1252 119 3262 271
30 11248 6.54 Tonjung Modeng — 0.02 006 052 024 958 8.4 326 253.8
31 11244 -6.56 Korang Jomuong ~ 0.04 008 054 026 16 356 317 259
32 11241 7-02 Sembilongon 0.18 0.16 046 025 348 3.6 3191 2689
33 116.03 -8.43 Lobuon Tring B 027 0.16 035 023 3083 3169 2838 2645
34 117.27 732 Poeloe Sailoes 03 011 033 026 6 67.1 2049 2741
35 118.13 7.04 Pocloe Supoekar  0.34 0.1 035 02 3594 3436  301.1 2823
36 118.43 827 Bima 035 01 03 01 34 546 303.6 2558
37 119.02 8.34 Sofe B. Sumbawa  0.49 018 02 02 3478 379 2883 2695
38 119.53 8.29 Lobuon Badjo 0.46 0.16 027 0.7 3431 392 2884 2847
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No  Longitude Lotitude Stotion Amplitude (m) Phase (deg)

E N(+)/S(-) M2 S2 K1 o1 M2 S2 K1 o1
39 12213 -8.39 Mooemere 0.53 0.16 0.3 0.24 2.4 61.6 301.1 275.3
40 120.15 -9.38 Nongomessi B. 0.83 0.41 0.26 0.16 298.4 349.5 287.1 2753
41  131.06 0.3 Ajoe, New Guing 0.55 0.19 0.1 0.14 181.7 235.8 2143 197.4
42 13432 -2.22 Jende, New G. 0.57 0.23 0.21 0.14 209.8 223.9 201.8 189
43 13453 -3.12 Kwatisore Bay 0.61 0.21 0.2 0.13 199.1 237.2 214.5 188.6
44 1345 -3 Moor Islets 0.54 0.24 0.21 0.14 209.2 240.3 213.5 184.7
45 12413 -8.16 Kabir, Pantar I. 0.53 0.21 0.25 0.24 357.4 64.6 298.1 264.3
46 12453 -9.01 Atopogpoe 0.56 0.31 0.21 0.15 318.1 14.2 298.4 261.7
47 1295 -1.5 Woigama 0.18 0.19 0.17 0.1 98.2 181.3 299.5 269.7
48  127.26 -0.41 Labogha 0.09 0.1 0.21 0.08 54.5 174.1 273.4 215.1
49 127.36 -0.3 Sabatang 0.22 0.17 0.19 0.15 146.2 198.8 268.2 240.9
50  128.12 -0.42 Cone B. 0.16 0.14 0.2 0.1 100 161.6 277.6 270.3
51 127.22 0.47 Ternote Islond 0.27 0.22 0.14 0.1 160.6 197.3 261.5 240.1
52 12748 2 Asimiro 0.4 0.18 0.16 0.12 175.8 223.4 235 206.7
53 12845 0.15 Potoni 0.14 0.15 0.14 0.1 133.9 187.5 265.1 206.8
54 131.06 -1 Samaote 0.42 0.18 0.23 0.12 190.7 233.8 208.3 195.4
55 131.13 -0.5 Sorong 0.41 0.18 0.23 0.13 194.4 209.6 226.2 1713
56 131.01 -0.54 Poelog Jef Doif 0.44 0.17 0.16 0.1 199.8 241 210.4 206.5
57 1302 -0.21 Mostoes Besor 0.28 0.19 0.17 0.1 170.2 2173 263 2532
58  127.06 -3.16 Kajeli Boy 0.34 0.12 0.2 0.11 152 111.8 306.7 270.4
59 126.13 -3 Bora Bay 0.4 0.13 0.33 0.17 20.9 100.6 309.6 286.3
60 126 -2 Sanona 0.28 0.12 0.31 0.21 49.4 145 298.8 269.5
61  124.42 -1.42 Gela 0.13 0.19 0.17 0.09 123 218.6 272.1 231.8
62 12524 -1.36 Dofa 0.18 0.18 0.24 0.16 116.6 197.2 272.4 233.1
63 12512 1.27 Kg. Aer Temboga  0.36 0.26 0.26 0.13 146 191 258 226
64 1343 -2.44 Wossior 0.61 0.24 0.22 0.16 209 256 223 196
65 121.28 6.44 Dassalon Island 0.2 0.12 0.27 0.22 2429 280.1 306.9 265.1
66 120.17 5.39 North Lahotlahot 0.13 0.09 0.23 0.22 2293 267.4 303 266.3
67 1231 7.35 Maorgosotubig 0.62 0.37 0.14 0.12 162.5 206.7 258.2 238.4
68  125.26 5.25 Lajon Point 0.57 0.31 0.18 0.12 160 200.1 249. 218.1
69  126.13 6.57 Pujada Bay 0.55 0.24 0.17 0.13 158.4 191.6 207.1 1823
70  107.33 -3.12 Selioe Island 0.09 0.06 0.51 0.34 29 21 142 92
71 108.05 -3.14 Tg. Batoe Hitom 0.09 0.01 0.38 0.23 346 76 137 68
72 108.16 -3.04 Ajom Besor 0.08 0.01 0.4 0.24 351 76 136 87
73 113.02 3.11 Kwolo Bintulu 0.16 0.06 0.47 0.32 44 32 320 271
74 117.19 -0.59 Kutei River 0.51 0.4 0.21 0.15 133 193 271 248
75 11536 6.12 Polou Mongolum 0.24 0.1 0.34 0.31 320 358 312 275
76 11936 -4.13 Tg. Losonrowi 0.13 0.22 0.25 0.2 128 220 297 267
77 106.15 3.14 Salat Peninting 0.19 0.06 0.39 0.29 240 285 359 315
78 117.55 6.3 Lonkayon Islond 0.33 0.18 0.33 0.3 310 347 322 278
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No Longitude Lotitude Station Amplitude (m) Phose (deg)

E N(+)/S(-) M2 S2 K1 ol M2 ) Kl ol
79 117.29 6.53 Tigabu Islond 0.33 0.18 0.37 0.31 312 353 320 280
80 115.54 5.45 Kuala Popor 021 0.1 0.35 0.3 308 352 312 261
81 115.4 5.42 Pulou Tega 026  0.11 0.36 0.31 317 0 315 254
82 107.15 -2.39 Akbar Droogte 0.05  0.06 0.53 0.48 129 79 159 107
83 107.3 3 Poelog Rog 0.05  0.06 0.57 0.32 61 79 146 90
84 125.37 3.31 Menalog, Songi .~ 0.54  0.37 0.22 0.12 149.6 199.8 247.7 226.9
85 134.36 -4.04 Poeloe Lokohito 0.62 0.18 0.28 0.19 42 114 342 329
86 136.12 111 Bosnik, Biok 045 017 0.25 0.15 193.5 230.6  216.2 179.3
87 136.02 -0.55 Korim, Biok 042 0.12 0.19 0.15 188.8 2289 2083 185.5
88 1353 -0.38 Mios Woendi 044 0.19 0.25 0.14 189.9 220 2249 188
89 140.1 221 Demto Bay 032 0.08 0.25 0.15 192.5 2327 2072 181.3
90 106.5 -5.57 Edom 0.05  0.07 0.27 0.08 3122 3343 154.5 133.7
91 108.21 -5.55 Boompjes Islond 0.11 0.06 0.14 0.07 339.2 241.3 114 121.2
92 108.34 -6.42 Cheribon 0.16 0.1 0.14 0.05 332.7 2069  63.8 169
93 110.25 -5.53 Karimoen Djowa. ~ 0.02  0.05 0.23 0.04 257 3.2 6.9 263.1
94 110.25 -6.58 Semorong 0.1 0.08 0.22 0.08 286 187.2 8.9 246.1
95 111.2 -6.43 Rembong 0.04  0.02 0.41 0.15 7.2 3373 352 256.2
96 106.11 -2.05 Pangkol Pinang 0.06  0.02 0.72 0.54 172.5 327.6 142.1 74.4
97 107.13 -3.19 Ondigpwoter 0.08 0.07 0.53 0.28 83.4 67.6 159.1 103.3
98 107.37 232 Poglog Longkogos ~ 0.02  0.03 0.64 0.38 253.6 40.8 153.7 89.9
99 108.18 -2.36 Monggor 0.02  0.06 0.41 0.27 18.3 351.4 152 108.2
100 108.1 -2.58 Gontogng 0.07  0.04 0.39 0.23 20.5 23.7 168.2 116.4
101 115.13 -8.45 Benoo, Bali 0.71 0.33 0.25 0.12 286.4 354.6  301.1 276.3
102 117.12 -0.3 SUngoi Moriom 0.57 031 0.21 0.16 203.5 258.6  305.1 279.3
103 125.05 1.22 Kema 0.21 0.27 0.17 0.11 142.7 179.8 255.2 238.5
104 123.03 0.3 Gorontalo 0.15 0.21 0.25 0.1 100.8 166.9 281.3 2155
105 120.06 0.03 Menelili 021  0.18 0.22 0.15 116.7 174.8 2722 2214
106 120.46 -1.22 Poso 023 023 0.16 0.12 113.3 164.5 262.6 221.8
107 122.4 -1.09 Kintong 0.3 0.18 0.26 0.18 235 108.7 3127 265.9
108 1193 -4 Pare Pare Bay 0.12  0.16 0.31 0.15 124.9 207 292.8 253
109 129.35 -8 Tepa 0.57  0.19 0.13 0.12 17.2 86.8 304.3 287.9
110 131.42 -7 Ritobel, Lorot I. 0.6 0.17 0.23 0.17 54.5 102.6 3317 317.8
111 132.58 -5.38 Elat, Kai Island 059  0.18 0.24 0.18 39.9 116.1 327.4 311.5
112 134.14 -5.45 Dobo, Arog 1. 0.61  0.19 0.28 0.17 424 121.5 326.1 306.3
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No Longitude Latitude Stotion Amplitude (m) Phose (deg)
E N(+) /S(-) M2 S2 K1 01 M2 S2 K1 01
109 129.35 -8 Tepa 057 019 013 012 172 86.8 3043 2879
110 131.42 -7 Ritabel, Larat 0.6 0.17 023 017 545 1026 3317 3178
1 132.58 -5.38 Elot, Kai 059 018 024 0.8 399 116.1 3274 3115
112 134.14 -5.45 Dobo, Arog .~ 0.61 019 028 017 424 1215 3261  306.3
13 132 -1.42 Waoronge 069 027 028 022 699 160 3344 2955
114 13141 -1.3 KarobraRiver ~ 0.55 026 027 0.6 545 140.6 3217 3058
115 130.46 -1.17 Sailolof 025 018 024 0.5 106.3 186.5 2956  270.7
116 130.55 -1.24 Peli Islst 0.21 0.2 022 014 95 1732 2885  253.6
117 117.59 1 Benoo Baroe  0.69 056 022 0.15 1609 218 2753 2466
18 1222 -3.44 Lembo Badjo 048 0.8 028 017 262 1093 319 265.2
119 11515 5.16 Labuan 027 012 041 033 3224 85 320.1 2623
120 116.04 5.59 Jesselton 024 0.1 037 031 319 353 315 267
121 11651 6.53 Kudat 029 015 044 025 317 359 313 264
122 117.53 4.14 Tawao 076 043 019 022 161 217 260 207
123 114.05 3.19 Kahajon 042 006 067 037 16l 89 340 282
124 1173 -0.42 Beraoe River 071 039 013 016 2074 268 2963 270.1
125 11742 2.55 BulungenR. 079 051 019 014 169 216 273 244
126 12542 -8.05 Liram Island ~ 0.63 024 031 023 30 110 312 298
127 10631 -3.08 Dapoer Isless ~ 0.17 011 061 032 1039 78 1478 95.1
128  108.09 24 Telok Pering ~ 0.02 003 051 037 3106 2937 1211 735
129 107.01 2.52 Tjeloke, Lit T~ 0.07 005 067 038 819 47 1423 786
130 107.38 245 Tonj Pandan 008  0.07 072 042 96 55 154 93
131 12223 3.03 Solabangka 048 0.9 028 019 211 86.2 303.9 2852
132 13535 0.51 Korido 055 023 024 0.5 1947 2418 2018 1869
133 121.33 2.04 Lingkoboe 047 017 03 0.18 3518 909 296.8 245
134 115.58 6.01 Goya 021 011 03 0.3 3119 353.1 3134 262.6
135 121.36 -4.03 Koloka 056 0.6 031 021 57 68.8 2917 2789
136 122 -0.56 Tobelombengi  0.19  0.19 016  0.14 110 189 274 235
137 127.05 4.43 Karatoeng 053 026 017 0.3 167 195 220 195
138 140.44 233 Hollandio Bay ~ 0.31 0.07 022 016 1954 2265 199.6  179.8
139 120.14 5.08 GalloMaloC. 068 038 017  0.15 1654 2115 2631 2283
140 115.08 5 Sopo Point 032 014 041 034 334 16 319 266
141 11342 3.58 Kuala Nich 017  0.09 037 034 347 22 319 266
142 135.15 -4.28 Aidogna 049 0.1 037 033 44 120 24 341
143 1142 3.3 Borito River 031 0.07 064 031 1357 543 3265 2482
144 11436 32 Bondjermasin -~ 0.31  0.05 059 032 1752 1208 3522 290
145 117 5 Lima Island 008  0.09 03 0.18 1374 221 2878 2736
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No Longitude Latitude Station Amplitude (m) Phose (deg)

E N(+)/S(-) M2 S2 K1 01 M2 S2 K1 o1
146 131.16 -1.32 Kobolin River  0.51 0.19 0.28 0.18 81 170 326 298
147 136.05 -1.11 Sorido Lago 0.43 0.12 0.2 0.14 219 253 221 192
148 131.08 -1.46 JefJoes 0.47 0.18 0.28 0.18 74 162 326 301
149 116.29 -1.52 Posir River 0.64 0.51 0.28 0.18 140 200 281 250
150 109.54 -1.12 Sogkadona 0.16 0.13 0.66 0.42 341 353 156 98
151 109.54 -1.46 Powon River 0.18 0.13 0.5 0.38 324 337 150 94
152 110.44 -2.59 Djelai River 0.12 0.03 0.16 0.1 215.9 157.5 3341 2288
153 111.26 -2.54 Waringin R. 0.22 0.06 0.36 0.16 192.5 131.1 3334 236.1
154 111.48 -3.1 Koemai B. 0.21 0.06 0.33 0.21 172.2 529 3182 268
155 112.34 -3.25 Pemboeang 0.24 0.06 0.41 0.21 172.2 529 3182 268
156 129.43 -4.32 Banda Horbo 0.57 0.22 0.29 0.18 229 98.6 312.1  286.8
157 131.42 -4.48 Poelog Tioor 0.57 0.21 0.32 0.2 31 95.6 3141 2938
158 130.54 -3.53 Geser 0.54 0.18 0.28 0.19 23.6 93.2 3239 2856
159 130.32 -3.07 Boela B. 0.44 0.15 0.21 0.15 40.3 1329 301.3 288
160 128.24 -2.48 Toniwel, 0.3 0.14 0.21 0.12 36.6 158.2 3074  264.1
161 128.11 -3.41 Ambon Bay 0.47 0.17 0.29 0.21 26 93.6 3157 3043
162 117.42 -5.12 P. Kalokong 0.08 0.1 0.25 0.17 115.5 207.6 305.6 2408
163 118.23 -5.25 P. Dewokong  0.11 0.13 0.21 0.14 41.1 190.2 2919 2622
164 118.55 -6.05 De Bril Bank 0.21 0.05 0.3 0.18 12 158.2 299.4  268.6
165 119.24 -5.09 Mokassor 0.08 0.11 0.28 0.17 63.1 195.2 3009  270.1
166 108 4.45 Poeloe Looet 0.09 0.04 0.36 0.18 55.9 56 3333  268.6
167 108.02 3.48 Sedonou, Not 0.2 0.07 0.38 0.28 87.8 127.9 3403 3106
168 106.52 -6.06 Tonjung Priok ~ 0.05 0.05 0.25 0.13 4.6 3113 1519 1307
169 1245 1.3 Menado 0.56 0.35 0.16 0.16 158.2 202.3 261.5 2207
170 122 -0.24 Togion B. 0.23 0.21 0.17 0.14 110.9 173 2573 2305
171 113.59 4.35 Kuala Borom 0.17 0.08 0.35 0.3 335 10 319 269
172 121 6.04 Jolo, Jolo 0.17 0.11 0.26 0.25 226.6 272.3 3151 2749
173 112.44 -6.56 KorJamuong 0.04 0.08 0.54 0.26 16 356 317 259
174 115.15 5.15 LobuaBorneo  0.28 0.13 0.39 0.34 325 357.3 3153  265.1
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