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ABSTRACT 

A three-dimensional primitive-equation model is employed to investigate how a mid-ocean ridge 
affects an eastward incoming jet overlying isobaths that diverge eastward. The diverging isobaths 
contain a major northeastward continental slope and a minor deeper southeastward bottom 
slope, both with shallow waters to the north. The southwest-northeast trending mid-ocean ridge 
is placed at about 1700 km east of the northeastward continental slope. In the barotropic regime, 
the diverging isobaths force an initially eastward jet to widen and follow f/h contours after a 
hydraulic jump. The mid-ocean ridge radiates barotropic Rossby waves, further enhancing the 
lateral widening of the jet. The northern portion of the jet expands northward and forms a 
western boundary current along the northeastward continental slope. The bifurcated current 
system consists of the northeastward flow and the remnant of the original eastward current. 
When the ridge is removed, the jet diverges but does not bifurcate. In the baroclinic regime, 
continuous meander and eddy activities reinforce the meridional spreading of the jet and cause 
greater portion of the jet to diverge northward. Consequently, a stronger western boundary 
current is formed along the northeastward continental slope. As in the barotropic regime, the 
mid-ocean ridge exerts its influence upstream by radiating barotropic Rossby waves westward, 
further enhancing the jet splitting. Among possible applications, the model is particularly 
relevant to the bifurcation of the Gulf Stream as it passes by the southern tail of the Grand 
Banks. 

1. Introduction 

The Gulf Stream bifurcates as it passes by the 
southern tail of the Grand Banks (Fig. 1 ). The 
northern branch, commonly known as the North 
Atlantic Current, flows northeastward and even­
tually reaches western Europe. The remaining 
Gulf Stream water either continues eastward 
or southeastward. Sandwiched in between is an 
anticyclonic gyre in the Newfoundland Basin. The 
northern branch is likely important to the western 
European climate; the vast amount of heat that 
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it carries may be partially responsible for the 
warming of western Europe in winter. 

Observations lend strong support to the Gulf 
Stream branching near the Grand Banks (Mann, 
1967; Clarke et al., 1980; FofonofT and Hendry, 
1985; Sy, 1988; Klein and Siedler, 1989; Krauss 
et al., 1990; Richardson, 1993). However, the 
physical mechanisms of this critical breakdown 
region have not been analyzed. This is in stark 
contrast to the full attention given to the problems 
of the Gulf Stream separation from the coast near 
Cape Hatteras and its interaction with the South 
Atlantic Bight and the New England Seamount 
Chain by the modeling community (e.g., Oey et al., 
1992; Ezer and Mellor, 1992; Ezer, 1994 ). As a 
result, we have little to go by in predicting the 
degree of the Gulf Stream branching and the 
consequent volume transport of the North 
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