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For small Rossby number,

Cross-isobath 
transport

Geostrophic cross-isobath transport (GCT) dynamics
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Scientific questions:

-what is the 3-dimensional response to 

upwelling-favorable wind forcing over the 

unique varying topography in the different 

regions of the NSCS?

-what is the inter-connection and transitional 

effect among the neighboring regions along 

the changing of topography?

-what is the underlying flow-topography 

dynamics in different topographic regimes?

Variable shelf topography in the northern South China Sea
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Surface velocity Bottom velocity
(a) (b)

wind

Characteristic along- and cross-isobath transport

Near-shore (30 m) Off-shore (75 m) 
(a)

(b)

steep concave
Relatively uniform/ 

plume-affected
widened steep concave

Relatively uniform/ 

plume-affected
widened

Cross-isobath

transport (x*)

Along-isobath 

transport (y*)

𝒙∗; 𝒖

𝒚∗; 𝒗
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The yellow diamond represents the start point of calculating the correlation. The colorbar indicates the correlation coefficient.

Near-shore (30 m) Off-shore (75 m) 

cross-isobath (u)

along-isobath (v)

[ ] represents the range of correlation (> 0.5)

(a) (b)

(c) (d)

Along-shore inter-connection

Remote effect vs. Local effect

along -isobath geostrophic 

balance transport/cross-

isobath transport 

cross-isobath geostrophic 

balance/along-isobath 

transport
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Geostrophic cross transport (GCT) 
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𝑈∗ =
1

𝑓
[𝐻

𝛻 × 𝜏𝑏 − 𝛻 × 𝜏𝑠

𝐻𝑥∗𝜌0
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𝜏𝑠𝑦

∗
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∗

𝜌0
]

Dynamic understanding: barotropic GCT

For low Rossby number, barotropic

cross-isobath transport 𝑈∗

GCT Ekman

Shoreward

(upslope)
Seaward

(downslope)
The solid/ dashed simulation / analytical solution
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Off-shore (75 m) 

steep concave uniform widened

Along-isobath momentum equation:

𝜕 𝑣∗𝐷

𝜕𝑡

𝐴𝐶𝐶

= [ −
𝜕𝑢∗𝑣∗𝐷

𝜕𝑥∗
+

𝜕𝑣∗
2
𝐷
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𝐻𝐴𝐷𝑉

−𝑓𝑢∗𝐷

𝐶𝑂𝑅

−
1
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𝑃𝑦∗𝐷

𝑃𝐺𝐹

+ ฑ𝐷𝐹𝑦∗

𝐻𝑉𝐼𝑆𝐶

+
ฏ
𝜏𝑠
𝑦∗

𝜌0

𝑆𝑆𝑇𝑅

ฑ
−

𝜏𝑏
𝑦∗

𝜌0

𝐵𝑆𝑇𝑅

],

GCT upslope transport

*Geostrophic dominant*
u* is upslope transport
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along the 75 m isobath

steep concave widened uniform
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Source of along-isobath pressure gradient force  in GCT upslope transport
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Summary

1. GCT dominates and intensifies in 

the topographic regime with highly 

variable shelf (steep, concave and 

widened shelf);

2. GCT is mainly induced by 

JEBAR effect baroclinically and 

bottom stress curl barotropically. 
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