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1. Introduction
A simulation of sea surface salinity (SSS) and sea surface
temperature (SST) in the North Atlantic is relatively poor
in many climate models (Flato et al. 2013). One of
suspects for causing the large SST biases is the North
Atlantic upper ocean salinity. We investigate the impacts
of correcting North Atlantic SSS biases on the ocean
circulation of the North Atlantic and on North Atlantic
sector mean climate and climate variability.

4. Effects on multidecadal variability
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 A large reduction of North
Atlantic SSS and SST cold
biases is achieved in FWC.
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Biases of long-term annual-mean SSS (psu) and SST (oC) for the control run (CTL)
and for the freshwater flux-corrected run (FWC)

SSS bias reduction was achieved by applying a freshwater
flux correction over the North Atlantic to the Kiel Climate
Model (KCM; ECHAM-T42L19, NEMO-ORCA2, OASIS3).

Annual-mean freshwater flux
correction diagnosed from the
last 50 years of the 100-yr long
run in which the KCM’s sea
surface salinity (SSS) was
restored to Levitus climatology

AMOC Index

 AMOC is simulated more
realistically in FWC and
the northward heat
transport is enhanced in
the whole latitude of
North Atlantic.
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Time series of the AMOC index. The blue
curve on the very right side is the AMOC
time series from the RAPID array

This improves a representation of the AMOC along with
the realistic deep convection in the Labrador Sea in which
larger sensitivity of deep water formation there is linked to
NAO-related surface heat flux.
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Empirical Orthogonal Function (EOF) leading
mode of mixed layer depth and
its cross correlation with AMOC index

Empirical Orthogonal Function (EOF) leading
mode of surface net heat flux and
its cross correlation with AMOC index

Northward Heat Transport

The zonally integrated northward
heat transport in the Atlantic
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 A relationship between AMOC
and AMV is more robust in FWC,
with AMOC leading by 2-3 years
at a multidecadal timescale.

Cross-correlations of the AMOC index with AMV index
defined as SST anomalies averaged over the subpolar
gyre, using an 11-year running averaged data

Regression of 2 m Air Temperature on AMOC
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Sea surface salinity bias in the North Atlantic is greatly
reduced with freshwater flux correction applied to the KCM.
This improvement considerably enhances the simulation of
the basin-scale circulation and a representation of North
Atlantic SSTs.

RAPID observation (26.5oN)
(2005-2013)
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AMOC: Atlantic Meridional Overturning Circulation
AMV: Atlantic Multidecadal Variability
NAO: North Atlantic Oscillation

5. Summary
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2. Experiments

We performed integrations with freshwater flux correction
over the North Atlantic (FWC) and without it (CTL).

 Heat flux variability over the Labrador Sea is larger in FWC,
indicating that the heat fluxes drive the AMOC. The strongest MLD
variability in FWC is located to the northwest in the Labrador Sea.

 Improvements in FWC
comprise a more
realistic representation
of gyre circulation and
a location of deep
convection site.
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 Anomalously strong AMOC in FWC
affects surface warming over most
of the Northern Hemisphere.
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Only statistically significant regressions on the
95%-level are shown. Green contours depict
explained variance (contour interval is 0.1)

Observation (Levitus)

Long-term (upper panel) annual-mean sea surface height (SSH, m) and
(lower panel) late winter-mean (JFM) mixed layer depth (MLD, m)
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