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Introduction

When ocean advection is not important,

« SST (Sea Surface Temperature) anomalies are generated by atmospheric noise, and
then are damped by surface heat flux flux.

* The SST/Qy, (turbulent flux of heat) lagged correlations on monthly times scales are
antisymmetric about zero lag (Frankignoul et al 1998)

When ocean advection is important (e. g. in the Gulf Stream):

« In the mean, net surface heat flux is driven by geostrophic oceanic heat transport
convergence
On interannual times scales, heat flux is determined by heat content anomalies and

heat content anomalies are driven by heat transport convergence (Dong and Kelly
200 4) Negative of Mean net surface heat flux

For interannual times scales determine:
* Where in the North Atlantic does advection
play an important role in air-sea interaction?
* Where does heat stored away from the
surface play an important role in air-sea
interaction?
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Throughout: negative heat flux indicates ocean cooling

A conceptual model for air-sea interaction
Barsugli and Battisti (1998) atmospheric noise. Ocean-noise added by Wu et al (2006)
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Lagged correlations between SST/Q depend on whether the forcing comes dominantly from the ocean
or the atmosphere
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- Ocean and Aimosphere Noise What we learn from this model:

Noise is represented by
Gaussian Random noise on
monthly time scales.

When Atmospheric noise
dominates, correlations are
negative when SST leads, and
positive when Qy,, leads.
When ocean noise dominates,
correlations are -1 at zero lag
Low-passing the time series
results in higher correlations
SST leads When minimum correlation is
near zero lag, ocean dynamics
dominate.
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Observations Source

Turbulent heat flux Q,, latent plus sensible OAflux: Objectively Analyzed air-sea fluxes for the Global Oceans (Yu and
Sea surface temperature (SST) 1993-2012 Weller, 2007). Monthly maps of non-seasonal anomalies

Surface Velocity fields OSCAR Ocean surface Current Climatology Bonjean and Lagerloef (2002)

Lagged correlations between SST/Q and SSH/Q on monthly time scales
+ indicates significant correlation

Location 2

« Persistence of SSH longer than SS'
which is longer than Qu,
« Correlations stronger at (1) for SSH
ocean noise dominates
~ —~ + Correlations stronger at (2) for SST
B atmosphere noise dominates
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Max/Min correlations between SST/Q,,,, at each location
c. SST leads Q d. SST lags Q
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« At (2) SST max and min correlations mirror each other
« At (1) min correlation not mirrored by max correlation

Max/Min correlations between SSH/Q,,,,,
a.SSH leads Q b. SSH lags Q
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* At (1) min correlation higher for SSH/Q,,;, than for SST/Qy,;, and centered more on Gulf
Stream
* At (1) no significant max correlation when Q;;, leads
« SSH anomalies are NOT locally generated by Q, at (1) and (3)

Evidence for importance of oceanic advection:
Mean SSH Maximum Mixed Layer Depth
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At (1) SSH anomalies generated off the coast of Florida and are damped in the
Gulf Stream
At (3) SSH anomalies are generated off Newfoundland and then damped further
east
Generation region have shallower mixed-layers and damping regions have deeper
mixed-layers

Conclusions
The conceptual model of Wu et al (2006) allows interpretation of lead/lag correlations
between stored heat and surface flux when oceanic heat content anomalies are
generated by either ocean heat transport convergence anomalies, by atmospheric noise
or both.
SSH anomalies represent heat stored away from the surface and show different
relationships with Q,, than SST anomalies.
The lead/lag relationships between SSH and Q,,,, show evidence for anomalies
generated at one location that are then advection and damped at another location.
Both the Florida Current/Gulf Stream system and the North Atlantic current appear to
advect anomalies before they are damped by the atmosphere

Future Research

« Preliminary results show that SSH (upper ocean heat content) anomalies are
dominantly released to the atmosphere in December and January and remain hidden
from the atmosphere in the summer

« Preliminary results show that SSH (upper ocean heat content) has predictive skill for
both Qy,, and for mid-layer cloud fraction in winter over the Gulf Stream.
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