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Shelf Currents within Different Oceans Under the Sun-Moon Gravitation
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Introduction
As important western boundary currents (WBC), the Gulf Stream 
in the North Atlantic and the Kuroshio in the North Pacific play 
important roles interaction between dynamics and thermodynamics 
and between the atmosphere and oceans [1-6]. The substantial 
similarities in the Gulf Stream and the Kuroshio systems, such as 
geostrophic advection, anti-correlation between path stability and 
surface transport, and similar effects on SST, might be associated 
with western-boundary intensification of the WBC [7].

However, the classic western-boundary intensification of the WBC 
cannot explain the differences existing in the Gulf Stream and the 
Kuroshio systems, e.g., for their response to large-scale winds, and 
cannot explain why there is no similar WBC in Indian Ocean. The 
differences in WBC may be related to the characteristic (sizes and 
shelf slopes) of the basins [7].

Basin sizes can make difference in currents. The zonal wave 
oscillation intensity of the Sun-Moon gravitation (SMG), expressed 
as the zonal contrast of the mean SMG within a basin, are different 
and can cause differences in the zonal oscillation intensity in 
different oceans. SMG wave covers one to two waves along the 
entire latitude parallels. In the Pacific Ocean whose zonal size covers 
approximately 0.5-1.0 wavelengths of the one to two SMG waves, 
the zonal oscillation intensity is 1.5-2 times that of the Atlantic and 
Indian Oceans whose zonal sizes are much shorter than the SMG 
wavelengths. The strongest zonal oscillation intensity likely makes 
the ENSO most prominent in the Pacific Ocean.

The shelf properties (e.g., slope) of basins may also change currents. 
The shelf currents on the continental shelves of the three oceans 
were estimated by introducing the SMG into the dynamical shallow 
water equations. In addition to the vorticity source from Coriolis 
force, the SMG is the major vorticity source for the whole depth 
of tropical oceans, approximately 2 to 4 times of that provided by 
wind stress. Related to the Earth’s radius (Re), thickness (H) of water 

column, and shelf’s slope (Sx), the SMG-induced shelf currents 
can be amplified by HSx-1Re-1 times due to the shelf’s slope, with 
the large and slow west shelf of the Pacific Ocean intensifying the 
flows on it much more than the small and sharp west shelves of the 
Indian and the Atlantic Oceans.

The difference in the size and slope among the western shelves of 
the Indian, Pacific, and Atlantic Oceans is significant and makes 
difference in producing western boundary flows. The amplified 
flows on the western shelf of the Pacific Ocean is a new “western 
intensification” and contribute to the fact that the ENSO oscillation 
is the most significant in the Pacific Ocean among the three oceanic 
basins.

Governor equations and the major flow vorticity source
Here the continental shelf is defined as the slope oceanic bottom 
from seashore till the base of basin. Through applying the dynamical 
shallow water equations for the water under the SMG, the momentum 
equations can be written as [8].

                                                                                                  (1)

                                                                                                  (2)

                                                                                                  (3)

where, {u, v} = {u, v} {x, y, t} are whole-depth mean zonal and 
meridional flow speeds, respectively; tx and ty are wind stress in 
zonal and meridional directions, respectively; h{x, y, t} and H{x, y  
t} are the heights of free surface and the mean thickness of entire 
water column, respectively; f = 2fesinφ, p ≈ 1010kgm-3 , the density 
of sea water; ϵ is Rayleigh dissipation coefficient, depending on the 
length of time scale Tsc . With t →∞, ϵ ∝ lim Tsc

-1, and 
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                                                                                                  (4)

                                                                                                  (5)

                                                                                                  (6)

                                                                                                  (7)

The vorticity equation is derived from Eq. 1, 2 and 3, as

                                                                                                   

                                                                                                 

                                                                                                  (8)

where, vorticity 

Integrating Eq. 8 along time (t) and averaging Eq.8 within entire 
depth (H) of the water column by making     

and considering fe >> |u, v|/ Re

                                                                                                 (9)
                                
where, Co is an integrating constant,

                                                                                                 (10)

                                                                                                 (11)

                                                                                                 (12)

                                                                                                 (13)

                                                                                                 (14)

                                                                                                 (15)

The daily Quick Scat winds of year 2006 are applied here for 
computation of the averaged absolute values of the wind stress-
generation term (the first two terms in the right hand side of Eq. 9) 
and the SMG-generation term (the third term in the right hand side of 
Eq. 9). As far as averaged within the entire depth of tropical oceans 
and within a whole year is concerned, the mean size of vorticity 
source provided by the SMG is about 2 to 4 times of that provided 
by wind stress (Fig. 1).

Except the vorticity sources from Coriolis force, topography, and 
dissipation (the last three terms in the right hand side of Eq. 9), the 
SMG is the major vorticity source for the whole depth of tropical 
oceans. Both the SMG-generation term and wind stress-generation 
term make no significant difference among different oceanic basins.

Figure 1: The mean size of vorticity source (×10-14 s-2) provided by 
wind stress (a) and by the SMG (b), computed from daily Quick 
Scat wind and SMG during 2006 by using Eq. 9 and 10

Solution of the flows on the shelves under the SMG
The contribution of the SMG to currents on the western continental 
shelf of the three tropical oceans is estimated for regions: x ϵ [xw,xe]   
and y ϵ [ys, yn]. The xw, xe, ys,and yn are the coordinates of the west, 
east, south, and north boundaries for the continental shelf of the three 
tropical oceans. Each subdivision is a zonal belt that is narrow, and 
the continental shelf within each subdivision is approximated as a 
plane that has only a longitudinal slope, i.e., the mean slope plane 
from seashore till the base of basin (Fig.2).

Figure 2: Topography (m) of oceans (a) and their depths (m) 
averaged within 6°N − 10°N (b), 2°S − 2°N (c), and 6°S − 10°S 
(d). The brown thick lines represent the mean slope from seashore 
to the base of basins
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The depth of the water column within each subdivision only change 
with x, as

                                                                                                (16)

The slope of the continental shelf is,

                                                                                                (17)

                                                                                                (18)

                                                                                                (19)
  
Using Eq. 16, the mass-conservation equation 3 is accordingly 
simplified as,

                                                                                              

After averaged within entire depth,

                                                                                                (20)

Within the narrow tropical zonal belts with yn−ys = 4°, y/Re = φm ≈ 
const,                   omitting wind stress and topography terms, and 

combing Eq. 9 and Eq. 20 to cancel V,

                                                                                                (21)

Where, 0 < Ck = 1 −  ʃ ε (t) dt < 1 within the studying temporal scale, 
the fraction of the left inertia vorticity after dissipation. Under the 
boundary conditions U(x=0)=Uw, U(x=xe)=Ue, and 1/xe

-2<<1, the 
solution of Eq. 21 is, according to Jr. Malley [9].

                                                                                                 (22)

where

                                                                                                 (23)

                                                                                                 (24)

                                                                                               (25)
 

                                                                                              (26)

                                                                                               (27)

                                                                                               (28)

Influence of the shelf on the shelf current
Without the shelf slope, the amplitude of the SMG-induced current 
can be estimated as

                                                                                               (29)

With the shelf slope, the amplitude of the SMG-induced current 
can be estimated as

                                                                                              (30)

Compare Eq. 29 and Eq. 30, the approximate amplifying coefficient 
for shelf currents due to the shelf slope can be estimated as

                                                                                             (31)

Related to the Earth’s radius, the thicker and/or the slower slope, the 
stronger are the shelf current induced by the SMG and by inertial 
motion if Am > 1 within zonal zones of 6°N − 10°N and 2°S − 2°N 
of the west shelf of the Pacific Ocean. The amplifying coefficients 
of the western shelves of the oceans are listed in Table 1 below.

Table 1: Amplifying coefficients of the western shelves of the 
oceans

Zonal Zone Indian Pacific Atlantic
6°N − 10°N 0.135 1.425 0.212
2°S − 2°N 0.183 1.383 0.194
6°S − 10°S 0.125 0.762 0.114
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There is a big difference in the amplifying coefficients among the 
western shelves of the Indian, Pacific, and Atlantic Oceans. The large 
and slow western shelf of the Pacific Ocean maintains or intensifies 
the flow on it, while the small and sharp western shelves of the 
Indian and Atlantic oceans reduce the flow on it (Fig.3 and Fig.4).

With the east boundary current of -10 mmS-1, the west shelf of the 
Pacific within zonal zones of 6°N − 10°N and 2°S − 2°N intensifies 
the east boundary current into -15 mmS-1 near the bottom of the 
ocean and then the flow reduces to zero as the water depth gets 
shallower, while the west shelves of the Indian and Atlantic Oceans 
reduce the east boundary flow to zero with the water depth gets 
shallower (Fig.3).

Without the east boundary flow, the west shelf of the Pacific within 
zonal zones of 6°N − 10°N and 2°S − 2°N still produces a significant 
current and a large flux, up to 7×106 m3S-1 at a section of 2000 meter 
depth and 4 degree zonal width, while the west shelves of the Indian 
and Atlantic Ocean only produce a very weak flow (Fig.4).

Figure 3: SMG-induced currents (mmS-1) on the western selves of 
the Indian (column 1), Pacific (column 2), and Atlantic (column 3) 
within zonal belts of 6°N − 10°N (row 1), 2°S − 2°N (row 2), and 
6°S − 10°S (row 3). Ue is set as 10 mmS-1.

Figure 4: SMG-induced currents (mmS-1, scales on the left hands of 
the color bars) and their flux at a cross-section of 2000m depth and 
4-degree latitude (×106m3S-1, scales on the right hands of the color 

bars) on the western selves of the Indian (column 1), Pacific (column 
2), and Atlantic (column 3) within zonal belts of 6°N − 10°N (row 
1), 2°S − 2°N (row 2), and 6oS − 10oS (row 3). Ue is set as 0 mmS-1.

Discussions
The SMG can be the major vorticity source for the entire depth of 
water column within tropical oceans, approximately 2 to 4 times 
of that provided by wind stress. Related to the Earth’s radius (Re), 
thickness (H) of water column, and shelf’s slope (Sx), the SMG-
induced shelf currents can be amplified by HSx

-1 Re
-1 times due to 

the shelf’s slope. The large and slow west shelf of the Pacific Ocean 
intensifies the flows on it within zonal zone of approximately 2oS 
− 10°N where the Kuroshio is located, much more than the small 
and sharp west shelves of the Indian and Atlantic Oceans. The 
characteristics of the SMG waves and the ocean geometry may help 
explain the fact that the ENSO oscillation is more prominent in the 
Pacific Ocean than in the Atlantic and Indian Oceans.
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