A changing heat flux over the Nordic Seas: asymmetry in an idealized model study
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The Nordic Seas are an important production region for dense water masses that feed
the lower limb of the Atlantic meridional Overturning Circulation. They display a
pronounced hydrographic asymmetry, with a warm eastern basin, and a cold western
basin (figure 2). In addition, the heat flux gradient between the Lofoten- and Greenland
basin is variable (figure 1). In this study we aim to
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 passive tracer is released in dense water mass (figure 9)
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 investigate the effect of a change in heat flux on the hydrography and circulation
 explore the pathway of dense water masses in an idealized model
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3D perspective: pathway of densest water mass

Mixed layer depth and stratification

The asymmetry of the Nordic Seas

Stronger cooling over the western basin leads to:

 after 5 years 80% is still in the western basin

 cooling and deepening of the convected layer in
the west (figure 5 left)

 13% leaves by crossing the mid-ocean ridge into the eastern basin, 7% leaves by the
sill in the south-west

 increased stratification in the east at mid-depth
(figure 5 right)

 the spreading of the tracer indicates sinking of dense water
 dominant advection of tracer across mid-ocean ridge done by eddies (figure 10)

 deeper mixed layer in the western basin
(figure 6)

 weaker cooling western basin  deeper and stronger eddy advection across midocean ridge

 stronger ΔT interior-boundary

fig 9: Tracer location
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fig. 6: Mixed layer depth (MLD)
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fig 10: Eddy advection of tracer at mid-ocean ridge at x= 645 km

Idealized model simulations with MITgcm
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fig. 4: Snapshot sea surface temperature (°C)

Resolution:
Δx = 7.5km
Δz =100-350m

fig. 7: Inflow transport and splitting
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fig. 8: Eddy kinetic energy (EKE)
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Forcing:
1. SST restoring with
𝑄 = 𝛾(𝑇 − 𝑇𝐴 )
2. Forcing of warm
boundary current by
restoring based on
observations
(Berx, 20133)
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Set-up similar to Spall 20104

We find that a changing heat flux over the western basin in an idealized set-up leads to
a response in the eastern basin, adjusting the stratification and circulation properties.
The subsequent change in the eddy field results in an increased (decreased) transport of
dense water from west to east over the mid-ocean ridge when the western basin is
cooled less (more).

 constant TA in basin east,
varying TA in basin west
 restoring strength
𝛾 = 13.2 W/m2/C
 all simulations run to
equilibrium
 five year means are analysed
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Sensitivity study: changing the western basin heat flux
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 stronger ΔT interior-boundary
 increased baroclinic flow and instability
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Figure 7:
 stronger cyclonic boundary current

Figure 8:
 stronger surface eddy field over the western
boundary and mid-ocean ridge

 stronger flow along the mid-ocean ridge

 weaker eddy field at the steep slope in the eastern
basin.
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