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Internal tidal waves are ubiquitous phenomena in a stratified ocean where they are generated in response to tidal 

flows incident upon bottom topography. In this study, we investigate the global distribution of the semidiurnal 

and diurnal internal tidal wave fields using a hydrostatic sigma-coordinate numerical model. The model results 

show that energetic internal tidal waves is generated over the limited prominent topographic features such as 

those in the Indonesian Archipelago, the continental shelf slope in the East China Sea, and the mid-ocean ridges 

such as Hawaiian Ridge. By comparing the model results with current observations, it is found that the generated 

internal tidal waves can propagate a very long distance of more than several thousand kilometers across the open 

ocean. The conversion rate from the surface to internal tides integrated over the global ocean amounts to about 

800GW, and nearly 25% of which is dissipated in the deep ocean.  
 

MNOPQE

:;<;=>?@ABCDEF+GDHIJKLMN

OPQRSTUVABWXYZ[\HE]^_`RSTa

bc@de^fTghHUVABWXYiEMjkTUV

Wlmno?<pHqr@stpuvwxy^fTDD

zMYABstpuvH{r@|}yDz@Tg~�YU

VABWXPQyH��MjkT��v����YPQy

���S�:>?����HUVW�DH��GIJ�

�����YE]H�*i�^H�C�����Qh��

 TghHUVABWQyH�C��XYi�¡H¢£D

:��n¤ThD^¥¦§��¨©�Yª �Xi�«¬

�­®R¯THM{r@°±�²³� TD´µ�S�

 T(1)g��¶³�Y·¸¦@E]'«¬¹ºp�»¼¤

TMXYUVABWstpuvH�;v:p@½¾¿À�

Á��M��Â^YÃSMÄÅ ��C��HÆÇ@È�

ÉÊËÌv�Í��ÎÏhD¶Ðr�ÑÒD@Tg 

ÃHÓÔÕD��YNiwa and Hibiya(2)XÖ×MØl]Z

Ù�ÚeD¤TUVABWHÛÜÝÞß�àáâv�Í

��Î³�gÃHãäYåæ@UVABWHPQ¶çè*

éêëEìYíîïEì@ðHñò@EF+GMó�RSY

hS�EF+GH¿À�ôõ��UVABWHstpu

v¿À¶ò� ½¾c@�Ôö÷�zøhD�Á��M

��g 

���@¶�YNiwa and Hibiya(2)^XùúûÙ�Øl]

Mó���HMüµYùúýyHþÿ��Øl]� 17!

H"#@$%ûÙM¿±��ùú�Î³��&Y$%ûÙ

¾�'(��)*�+,¤TNÏ@UVABW�ÆÇM

-d^�@ D Ï./¶f³�g01Y2�H)345

ùH678ºvÊ9vnH:;��UVABW¶PQy

�� O(1000)km <Â+,�ÏTÑ=÷¶>?RS� T

(3),(4)g~�YNiwa and Hibiya(2)�@&ABHCD(5)(6)XY2

zEF¤TG5HAHM2H3§¿HUVABWHI�Ú

eD��jOY5HA K1H3§¿@ðJ¿AHUVAB

WH�;v:p¿ÀMø �XK�LM�� @ g 

Ãh^3CD^XYqrN¿A^fT M2H3(12.42 6

¾), S2H3(126¾), K1H3(23.926¾), O1H3(25.86¾)

HUVABWH�;v:p¿À�Á��M¤T�&MYZ

,�O6MP:v^�TÛÜÝÞß¹ºpMd1c@E

F+G*¥¦§�jNQ:;<;=>?ABC�RIST

^Þß�àáâv�Í��Î³�g 

 

RN#$ST//

ùúûÙXUVEÙ�W � 80˚S�� 80˚NHûÙ^f

TXY 1ZgPrinceton Ocean Model (POM)�L �[¡\*

%]tn?�^�_�� Navier-Stokes `ab�Þßc¿

��gPOM ^XdefgD��EF+GMh³�ifg

7�jL�� Tg¡lk÷/l|4ÞX Smagorinsky¹º

p(7)Ydek÷/l|4ÞX Pacanowski and Philander¹º

p(8)�m³�ùú��gÞßc¿X¡l`nM¾o 1/15˚Y

de`nM 40â9pHùúpq�m³�Î³�gmL�

�EF+GºvÊX:r¦¶ 1/30sH ETOPO2 H¡iº

vÊ�ùú�Ë>�U^lt��zH^fTgÄ3¥¦§

�X LevitusHultvwßºvÊ��x&�g~�Y:

;<;=>?@AB�¸¦NL-d¤T�&M

Matsumoto �(9)¶x&�:;<;=>?ABHyz{|º

vÊ�¹ºpUMO}R¯�g3CD^XqrN¿A^f

TG5HAH M2,S2¿AD5HAH K1,O1¿AH~�v�

���O6M�µY�3H[�����¹ºp� 565¾

����gR�MYhÏ����S�2�H 165¾H6

78MÚ����:;�_¤hDMNOYM2, S2, K1, O1



! 23"#$%&'()*+,-./

0123 4567 
 

�¿AH��H��*|I�ùú��g���YS2 ¿A

D O1¿AHUVAB�X��¶�@T<�XÃH½¾¿

À¶ÃS�S M2¿AD K1¿AHUVAB�D�÷cM

'�L{��@ H^Y3�^XqM M2, K1¿AHUV

ABWHùúãäMø ��¤g

 

 
Fig.1: The whole model domain together with the bottom topography. Block-shaped areas enclosed by thick yellow line 

show the regions including prominent topographic features. 
/
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Fig. 2: Model predicted distribution of the depth-integrated kinetic energy of the 

M2 internal tidal wave.  
 

 Fig. 3: The model predicted distribution of vertical isopycnal 

displacement of the M2 internal tidal waves at a depth of 

1000m in the mid-latitude North-Western Pacific.   
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Fig. 4: As in Figure 2 but for the K1 internal tidal wave. 

  
Fig. 5: As in Figure 3 but for the K1 internal tidal wave. 
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Fig.6 : Model predicted distribution of vertical isopycnal displacement of the M2 internal tide at a depth of 1000m after 5days, 10days, 

20days, 30days from the start of the calculation. The results of calculation with a 30-day damping are shown.  
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Fig.7: Locations of the long-term mooring stations at which observed 

current data and the model results are compared. 

 
Fig.8: Scatter plot comparing the first vertical-mode semidiurnal internal 

tidal wave kinetic energy predicted by the model (abscissa-axis) and 

that observed at locations shown in figure 5 (ordinate-axis). The 

model results with 5-day damping (upper-left), 15day-damping 

(upper-right), 30-day damping (lower-left), 60-day damping 

(lower-right) are compared.   
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Fig.7: The conversion rate from the M2 barotropic to internal tidal 

energy integrated over full water column within each 5º(longitude) 

! 5º(latitude) area.  

 
Fig. 8: As in Figure 7 but for K1 internal tide. 
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Fig9: Conversion rates of the M2, S2, K1 and O1 internal tides 

integrated over the prominent topographic features shown in 

figure 1.  
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Fig.10:  The dissipation rate of the M2, S2, K1, and O1 internal tidal 

wave energy integrated over the full water column within 

each 5º(longitude) ! 5º(latitude) area.  

 

 
Fig.11: Depth distribution of the dissipation rate of the M2, S2, K1, 

and O1 internal tidal energy.  

 

 
Fig.12: Cumulative depth distribution of the dissipation rate of 

the M2, S2, K1, and O1 internal tidal energy.  
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