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Introduction



Denmark Strait

Denmark Strait is dynamically relevant to the global climate system.
The dense water that overflows through Denmark Strait is a major
contributor to the deep western boundary current.

The Denmark Strait Overflow (DSO) is characterized by a pronounced
spatial and temporal variability.
For example, the DSO transport fluctuates in Denmark Strait because
of mesoscale features with a period of 2-5 days.

Models and observations show mesoscale features upstream, at the
sill, and downstream of Denmark Strait.
However, the connection between these features is not well
established.
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Model Configuration

Regional MITgcm

• High-resolution:
Hor. 2 km.
Ver. 1-15 m.
Time 30 s.

• One Year
(Sep. 2007-Aug. 2008)

Output 6 h.
• Oceanic and Sea Ice
components.

• Realistic freshwater and
atmospheric forcing.

[Almansi et al., 2017]

We are planning a new run to
cover the IGP period.
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Model Configuration

https://oceanspy.readthedocs.io

http://www.sciserver.org

[Almansi et al., 2017]

We are planning a new run to
cover the IGP period.

3

https://oceanspy.readthedocs.io
http://www.sciserver.org


Upstream of Denmark Strait:
Eddy activity



EGC separation and EKE

We separated the Atlantic-origin Water into a warm
mode and a cold mode. The cold mode composite
is associated with separation of the EGC and high
EKE across the basin.

warm mode cold mode
[Håvik et al., Subm]
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At the sill: Boluses and Pulses



Boluses and Pulses

Boluses Pulses

Transport ⇑ ⇑

Cross-Sectional Area ⇑ ⇓

[Almansi et al., 2017] 6



Geostrophic flow

[Almansi et al., 2017]

www.wikipedia.org

SSH anomaly contours:
relative minimum
(maximum) upstream of
the sill for boluses
(pulses).
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Geostrophic flow

[Almansi et al., 2017]

Assuming that the flow is
geostrophic, these
anomalies imply
enhanced DSO flow toward
Iceland during boluses
(cyclonic) and toward
Greenland during pulses
(anticyclonic).
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Downstream of Denmark Strait:
Cyclones



Denmark Strait Overflow Cyclones

[Bruce, 1995]
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The PV Hypothesis [Spall and Price, 1998]

Positive relative vorticity is consistent with stretching of the water
column.

Shallow Water PV conservation: Dq
Dt = 0 , q =

ζ + f
h

[Von Appen, 2013]
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Vortex detector

Okubo-Weiss parameter:

OW =

(
∂u
∂x − ∂v

∂y

)2

︸ ︷︷ ︸
S2n

+

(
∂v
∂x +

∂u
∂y

)2

︸ ︷︷ ︸
S2s

−
(
∂v
∂x − ∂u

∂y

)2

︸ ︷︷ ︸
ζ2

Detection criteria:
• 3 terrain-following
levels.

• Negative OW.
• Size consistent
with observations.

• Vertical coherence.
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Life cycle of a cyclone

The vorticity of the DSO
cyclones quickly grows
as they move south,
until they encounter a
rapid steepening of the
bethymetric slope and
start to decay.
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DSO cyclones path

Cyclones follow two separate pathways consistent with the mean
direction and frequency of boluses and pulses in Denmark Strait.
Most of boluses (pulses) move along deeper (shallower) isobaths.
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Vertical velocity signature

Cyclones are preceded by downwelling and followed by upwelling.
Maximum vertical velocities occur during the transition between
growth and decaying phases.
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Ertel Potential Vorticity

The stratification of cyclones decreases during their life cycle, while
their initial increase in relative vorticity is followed by a decrease; as
a result, potential vorticity is only conserved during the growth
phase.
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Conclusions



Summary

In a changing climate, understanding the DSO high-frequency
variability is of key importance to predict the properties of the water
masses that feed the Atlantic Meridional Overturning Circulation.
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Upstream
Eddy activity:
• Colder
Atlantic-Origin
Water.

• Separated EGC.
• Offshore
freshwater.

At the sill
Boluses and pulses:
• Enhanced
overflow
transport.

• Geostrophic flow.

Downstream
DSO cyclones:
• Relationship with
boluses and
pulses.

• Downwelling first,
then upwelling.

• Different
“behavior” when
they cross the
steep slope.

16



Summary

In a changing climate, understanding the DSO high-frequency
variability is of key importance to predict the properties of the water
masses that feed the Atlantic Meridional Overturning Circulation.
Upstream
Eddy activity:
• Colder
Atlantic-Origin
Water.

• Separated EGC.
• Offshore
freshwater.

At the sill
Boluses and pulses:
• Enhanced
overflow
transport.

• Geostrophic flow.

Downstream
DSO cyclones:
• Relationship with
boluses and
pulses.

• Downwelling first,
then upwelling.

• Different
“behavior” when
they cross the
steep slope.

Future work: Investigate the connection between these features
and their impact on the hydrographic properties of the overflow. 16



Thanks!
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