North Atlantic Subpolar Gyre evolves in a)two distinct phases under global warming
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Motivation:

o Anthropogenic effect on subpolar gyre (SPG) evolution is crucial for the European climate but it still remains highly uncertain.
o The observed record (from 1993 onwards) is short to distinguish the greenhouse gas forced response from internal variability.

Objective:

b)

a)

o Use the 1% CO2 increase
year-1 experiment from the
large ensemble (100
members) simulation of
MPI-GE (Maher et.al., 2019)
to identify the greenhouse
gas forced response and
associated dynamics.
b)
o Show the direct association
to the North Atlantic
warming hole development.
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Figure 1: The ensemble mean difference in barotropic stream function (BSF, in Sverdrup), indicating the SPG evolution, between a) 2K and 0K, and b)
4K and 2K global warming in MPI-GE. c) The Hovmöller diagram of the BSF anomalies from the 1st year of simulation averaged over the latitude band
shown in red box in a.

Result:

o 0 to 2K global warming: from the east to centre of the SPG intensifies and weakens over the Labrador sea (Figure 1a,c).
o 2K to 4K G global warming: east to centre SPG intensification stops with a northward extension of the subtropical gyre (Figure 1b).
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1. Similarity with the observed AMOC-SPG association

o On multi-decadal time scale, an observed weakening AMOC
associates with eastern SPG strengthening, freshening and cooling
(Zhang et.al., 2008).
o The same dynamical association between AMOC and SPG is seen in
MPI-GE as the forced response during first 2K global warming.

a)

b)

Figure 2: a)The ensemble mean anomalous heat transport divergence in the MPI-GE
1% CO2 increase per year simulation. Black vertical lines denotes the 2K and 4K
warming. Black arrows indicate the increase in heat transport divergence over the
centre of the warming hole latitude. b) the SST difference in MPI-GE between 2K
and 0 K global warming, showing the North Atlantic warming hole.

2. Cause of North Atlantic warming hole intensification

o Anomalous heat transport divergence over the subpolar North Atlantic (Figure 2a) is the main driver of the warming hole (Figure
2b) (Keil et.al, 2020).
o This heat transport divergence and the warming hole intensify as long as the eastern-to-central SPG intensify.

Possible reasons of the two distinct phases in SPG response

a)

1. 0 to 2K global warming

o Salinity and temperature response to a weaker northward flow of
water makes the centre of SPG denser than the eastern side of the SPG
(Figure 3a) and can intensify the SPG (Levermann and Born, 2007)

2. 2K to 4K global warming

b)

o A northward shift of the mean zonal wind (Figure 3b), extends the
northern part of the subtropical gyre to the inter-gyre region (figure
1b) and disrupts the northward flow of the subtropical water due to an
anomalous anti-cyclonic circulation, which can stop further
intensification of the SPG.
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c) 2 increase per year simulation, a) temporal evolution of the
Figure 3: In the MPI-GE 1% CO
ensemble mean annual potential density difference between the eastern and central
region of SPG for depth until 100 meters in kg/m3.
b) In shading, the he ensemble mean difference in 10 meter zonal wind (U10, in m/s),
between 4K and 2K global warming in MPI-GE. Contours are the climatological zonal 10
meter zonal wind at 2K global warming.

Conclusions:
o In MPI-GE, the SPG evolution is not a linear response to global warming. Due to distinct dynamical influences, the
SPG evolves in two distinct phases.
o During the 0K to 2K global warming, the easter to central SPG intensify from an increase in density difference
between the centre and the eastern side the SPG. This density difference has appeared from both
salinity/temperature distributions in the SPG from the reduction of the northwards flow of Atlantic water.
o During the 2K to 4K global warming, the the SPG intensification stops and stabilizes with a northward extension of
the subtropical gyre which induces an anticyclonic flow at the inter-gyre region and disrupts the northward flow of
the Atlantic water.
o The eastern to central SPG strengthening is directly associated with the North Atlantic warming hole intensification.
As soon as the SPG strengthening stops by 2K global warming, the warming hole intensification stops. Hence instead
of AMOC, it is the eastern SPG which has direct influence to warming hole development.
o In the first 2K warming, the dynamical association of a weakening AMOC to a strengthening eastern SPG is same as
what we find in observations on multidecadal time scale. This makes the model response a realistic one and
indicates that the model forced dynamics could be a high possibility in reality.
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