
Positive vorticity generation : 
 
Current flowing in the opposite  
direction of topographic waves 
 [with the coast on its left in the  
Northern hemisphere]  

 
-  Horizontal shear instability 
-  Formation of submesoscale cyclones 

e.g.: Gulf Stream along the slope 
  
 
 

Negative vorticity generation:  
 
Current flowing in the direction of  
topographic waves [with the coast  
on its right in the Northern hemisphere] 

 
-  Centrifugal instability 
-  Small-scale turbulence, mixing and dissipation 
-  Formation of submesoscale anticyclones 
e.g. California Undercurrent (formation of Cuddies) 

[Molemaker et al., JPO, 2015] 

[Gula et al., GRL, 2015] 

Topographic generation of submesoscale 

[D’Asaro, JGR, 1988] 
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Fig. 5. Plan view of proposed SCV generation mechanism. The frictional boundary layer on the inshore side of a coastally trapped 
current has a relative vorticity • less than -f and thus potential vorticity q less than 0. This fluid, shaded in the figure, forms the 
core of anticyclonic SCVs. 

right-hand (southern) side of the canyon by the Coriolis force. 
Away from the side of the canyon, the flow is inviscid and 
decays to zero with a cross-stream scale of approximately the 
Rossby radius of deformation. The flow must also become zero 
at the southern side of the canyon and does so in a frictional 
boundary layer. This geometry is sketched in Figure 5. 

Consider the potential vorticity distribution in this current. 
Offshore of the velocity maximum the fluid is stratified, so 
N•-> 0, and the shear is cyclonic, so • > 0. The potential vorticity 
q is therefore positive. Because this flow is inviscid, q is con- 
served, and its value is set by upstream conditions. Inshore of the 
velocity maximurn, the shear is anticyclonic, so •< 0 and N •' > 0. 
We will suppose that the flow is sufficiently energetic so that 
• < -f and q < 0. The potential vorticity of this fluid, which is 
shaded in Figure 5, has been highly modified from its upstream 
value by the action of friction in the boundary layer. 

The distribution of potential vorticity in the current described 
above is similar to the vorticity distribution in the flow of an 
unstratified fluid around a bluff body. When such flows 
encounter a sufficiently rapid change in geometry, the boundary 
layer will separate from the body. The vorticity in the boundary 
layer will then concentrate into a series of vortices, such as the 
well-known von K•rm• vortex street [Batchelor, 1967]. We 
hypothesize that a similar phenomenon occurs in Barrow 
Canyon. Past Point Barrow, the coastline veers to the right. 
This is indicated in Figure 5 by a right angle comer. We 
hypothesize that the current flowing down the canyon does not 
follow the coastline here, but instead separates to form a shear 
layer which breaks up into a series of vortices. The vortices then 
undergo geostrophic adjustment and become SCVs. The q < 0 
fluid from the boundary layers forms the cores of these vortices, 
which are therefore anticyclonic. During adjustment, the cores 
will become unstable owing to inertial instability [Fjortofi, 1944] 
and will entrain surrounding q > 0 fluid until q > 0 throughout the 
vortex. In this way, geostrophically adjusted SCVs are formed 
with a central value of potential vorticity near zero. 

Many of the details of the above scenario remain obscure. Its 
major appeal is that it can produce SCVs with nearly zero poten- 
tial vorticity in their cores without large amounts of vertical mix- 
ing. In the following sections we attempt to show that the essen- 
tial features of this scenario match the observations in Barrow 
Canyon. 

4.3.2. Evidence for a pressure-driven boundary current. 
The existing data support the idea that the flow through Barrow 
Canyon is driven by a pressure gradient as required by the pro- 
posed scenario. Coachman et al. [1975] conclude that the mean 
northward flow across the Chukchi Sea is driven by a mean sea 
level difference between the Pacific and Arctic oceans of about 
1 m. Mountain et al. [1976] successfully modeled the measured 
variations in velocity at the location of the cross in Figure 4 
using a balance of bottom friction and the variation in atmos- 
pheric pressure gradient between Barrow and Nome. 

The flow also appears to be concentrated against the fight- 
hand wall looking downstream, as can be expected ff the cross- 
stream momentum balance is geostrophic. This is seen in the 
cyclonic sense of the circulation in Figure 2 and in the concen- 
tration of the warm water against the coast in Figure 3, as well as 
in the tilts of isopycnals in this area shown by Garrison and 
Paquette [1982] and Garrison [1977]. 

4.3.3. Evidence for large anticyclonic vorticities. The 
existing data provide ample evidence that anticyclonic vorticities 
with a magnitude greater than f routinely occur on the inshore 
edge of the water flowing down Barrow Canyon, as is required 
by the proposed scenario. The relevant spatial scale for estimat- 
ing • is roughly the size of the core of a Beaufort Sea SCV 
(4-10 kin), since only small amounts of vortex stretching are 
assumed to occur during the adjustment process. Surface 
currents measured by Hufford et al. [1977] and shown in Fig- 
ure 2 reach 1.5 m s -• at a point 4.4 km offshore of Point Barrow. 
An average vorticity can be estimated by assuming zero velocity 
at the beach. This yields an estimate of • =-2.5f. A more 
direct measurement of vorticity can be made at a point northeast 
of Point Barrow, where a cross-stream velocity difference of 
about 0.9 m s -1 occurs in a distance of 3.7 lcm, yielding • = 
-1.8 f. The ice floe in Figure 4 passed 5 km offshore at a speed 
of 1.35 m s -•. Current meters hung from the floe suggest a water 
speed of about 1 m s -1 relative to the bottom at a depth of 10 m. 
If we again assume zero velocity at the shore, this yields an aver- 
age vorticity of • =-1.45 f. Velocities of this magnitude off 
Barrow have also been reported by Paquette and Bourke [1974]. 
Mountain et al. [1976] report current meter measurements at 
depth within the canyon. Two instruments, placed 24 m and 
54 m off the bottom, commonly measured currents exceeding 0.5 
m s -• toward the Beaufort Sea. The horizontal distances of these 



Positive vorticity generation : 
- Gulf Stream along the continental slope 
 
 
 
 
 
 
 
 
 
-  Agulhas Current 
  
 
 

Negative vorticity generation:      

[Gula et al., GRL, 2015] 

Topographic generation of submesoscale 

[Krug et al., GRL, 2017] 
+ stage M2 P. Tedesco (with P.Penven) 

+ Demande thèse ARED-Labex (with P.Penven) 
 
 

[Gula et al., NC, 2016] 

-  Gulf Stream along the Bahamas 

-  Deep currents on  
the Mid-Atlantic Ridge 

[Vic et al., to be submitted to DSR] 
+ Postdoc N. Layahe  

(18 month starting Feb. 17, 
 with G. Roullet) 

-  Flow topography interactions 
on  the Reykjanes Ridge 

+ PhD M. LeCorre, 
 (with A.M. Tréguier) 



Topographic generation of submesoscale 

Directions: 
¨  Keep on investigating topographic processes and generation of SCV’s in 

different regions, test Non-hydrostatic effects [Regional modelling, NH 
modelling] 

¨  Find more observations of bottom boundary layer processes and SCV’s 
[Moorings + gliders + floats + dedicated experiments] 
¤  Some ongoing work and projects: SCV’s in the Gulf Stream, SCV’s in the North Atlantic 

Subpolar Gyre, SCV’s in the DWBC 

¨  Quantify the impact of topographic submesoscale processes in the global 
energy budget [basin-scale or global simulations at high-res (< 1km)] 

¨  Quantify the rate of formation of the SCV’s and determine how important 
they are to the ventilation of the interior ocean and to the transport of 
water masses [basin-scale or global simulations at high-res (< 1km)] 



Topographic generation of submesoscale 

Some ongoing work and projects: 
¨  SCV’s in the Gulf Stream 

¨  SCV’s in the North Atlantic Subpolar Gyre  

¨  SCV’s in the DWBC 

¨  Topographic generation of PV 



1. SCV’s in the Gulf Stream 

�x = 1.5 km
ROMS model Seismic Data  

 

SCV’s generation requires an intermittent source of low PV      

[T. Blacic, MSU] 



Relative vorticity  
 
On the isopycnal   

200 km

�x = 1.5 km

1. SCV’s in the Gulf Stream: Generation Process 

ROMS model 

(±f)

� = 27 kgm�3



Negative vorticity / low PV generation =  Gulf Stream interaction with the Charleston 
Bump 

1. SCV’s in the Gulf Stream: Generation Process 



2. SCV’s in the North Atlantic Subpolar Gyre  

	

Moorings + gliders (OSNAP) 
L. Houpert (SAMS, Scotland) 

Model (1.5 km – 500 m) 

-  Characterize the vertical structure and the dynamic of SCV’s 
crossing the OSNAP mooring array + Statistics of SCV 

-  Comparison with model results  

[Stage M2 - E. Duyck] 



3. SCV’s in the DWBC 

Moorings + Cruise + glider?  
F. Cyr (DFO, Newfoundland) 

[Bower et al., DSR, 2013]  

Model (2.5 km) 



4. Topographic generation of Potential Vorticity 

Bo#om	topography	

Circula2on		
streamlines	

area	of	contact		
with	bo#om	boundary	

Vo	,	PVo	

V	,	PVo+ΔPV	

Fluid	par2cle	

Generation of PV at the bottom boundary 
layer by frictional effects and diapycnal 
mixing. 
 
Theory + idealized experiments 
 
 

With Y. Morel and A. Ponte 


