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Abstract:

Recent investigations have examined observations in an attempt to determine when
and how the ocean forces the atmosphere, and vice versa. These studies focus primarily on
relationships between sea surface temperature anomalies and the turbulent and radiative
surface heat fluxes. It has been found that both positive and negative feedbacks, which
enhance or reduce sea surface temperature anomaly amplitudes, can be generated through
changes in the surface boundary layer. Consequent changes in sea surface temperature act
to change boundary layer characteristics through changes in static stability or turbulent
fluxes. Previous studies over the global oceans have used coarse-resolution observational
and model products such as ICOADS and the NCEP Reanalysis. This study focuses on
documenting the atmosphere ocean feedbacks that exist in recently produced higher
resolution products, namely the SeaFlux v1.0 product and the NASA Modern Era
Retrospective-Analysis for Research and Applications (MERRA). It has been noted in recent
studies that evidence of oceanic forcing of the atmosphere exists on smaller scales than the
usually more dominant atmospheric forcing of the ocean, particularly in higher latitudes. It
is expected that use of these higher resolution products will allow for a more
comprehensive description of these small-scale ocean-atmosphere feedbacks. The SeaFlux
intercomparisons have revealed large scatter between various surface flux climatologies.
This study also investigates the uncertainty in surface flux feedbacks based on several of
these recent satellite based climatologies.
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Outline

Brief background on feedback concepts and a
methodology to calculate them

Feedback relationships for surface fluxes and their
components for a suite of satellite and model-based
products.

A look at the uncertainty between these products

Conclusions



Feedback Concepts

Common Concept:

* A change in one variable, X, affects change in another
variable, Y, whose change may or may not contribute to
reinforcing (positive) or diminishing (negative) the original
change in X.

“Feedback” and “Sensitivity” different measures

* The difference between 2 equilibrium states when some
external forcing is applied (Stephens 2005)

* The difference between 2 equilibrium states when

atmc))sphere and ocean are coupled/uncoupled (Wu et al.
2006

* Stochastic Feedback via atmosphere-ocean coupling
(Hasselmann 1976: Barsuqli & Battisti 1998)

* Nonlinear, multivariate relationships (Aires & Rossow 2003)

These relationships are important to understand and
are a critical test for any model of the “real” world.
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Presentation Notes
1) The concepts of feedback and sensitivity are often used synonymously but may or may not represent the same idea. 
2) Regardless, the fundamental relationships appear to be the relationships between variables for a given focing.
3) Higher resolution datasets may allow us to get a better idea of process-level interactions.


Methodology

Follow the methodology of Frankignoul et al. (1998); also in Park
et al. (2005)

« Good approximation
for many regions
outside of the tropics.

 Difficulties arise when
atmospheric
persistence is long or

Second order statistics at 30N 20W Wh en ne g | ecte d
forcing is important
Oooan eads s = (such as strong
SN advection)

From Frankignoul et al. (1998)

-Dashed = SST Autocorrelation

-Dash-Dot = Latent Heat Flux Autocorrelation
Solid= SST-LHF Cross-Correlation

0
lag {month)
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Presentation Notes
This methodology has been used before.
F has already been broken into a stochastic part and a part dependent upon the anomalous SST. 
This may not be a good approximation in the tropics or when there is strong advections such as the western boundary currents. 
The cross-covariance goes to zero when the ocean leads at lags greater than the atmospheric persistence.
Past studies have used very low resolution data.


Source Data for Study

SST-LHF Cross-Correlation, 180W-160W/30N-40N
Input Data (1998-2005): 03

* SeaFlux v1 (0.25° 3-hr) OAFlux
* OAFlux v3 (10, dally) ' | LHF Leads
* Hoaps v3(1° 12-hr) " LHF Positive T
* MERRA (2/3°x1/2°,1-hr)

* GEWEX-SRB v3 (1°, 3-hr)
* ISCCP Clouds (2.5°, 3-hr)
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 Processing Steps

— Regrid via linear 5 0 5 10 15 20
interpolation to 1 macdlbel
degree resolution e Use -10 to -8 day lag for

— Remove spline-fit computing feedback
annual cycle _

— Remove long-term * Longer than the typical
atmospheric atmospheric persistence
persistence via 360-day
hi-pass filter e Use afew lags to enhance

stability
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Presentation Notes
We have 5 total datasets at varying resolutions that we need to compare so we have to put them on the same grid.
As previous studies used much lower resolution data, a slightly different method needed to be applied and a new lag needed to be used.
There are about 200 locations in this spaghetti plot. It is a fairly robust relationship. Note that we will be defining our LHF/SHF upward. 
It appears that -10 to -8 day lag is good. The atmospheric de-correlation is on the order of 3 days.


Latent Heat Flux, W/Km”2

Aqiue + OAFLUX

(3 ;ﬁ |
ki ‘ﬁ' S,

0° 60°E 120°E 180°W 120°W 60°W 6 120°E 180°W 120°W

AaoLpe » HOAPS3 AoLwe + MERRA

80°N
40°N 2

00
40°S | £

80°S

60°E 120°E 180°W 120°W 60°W 6 120°E 180°W 120°W 60°W

*The latent heat flux is primarily negative everywhere in the extratropics.

*OAFlux and SeaFlux show roughly the same pattern and amplitude while
MERRA appears the least variable and lowest amplitudes.
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Presentation Notes
Remember to note the sign convention with negative values being a negative feedback and give an example. 
The weakest amplitudes appear to be in the Bering Sea region. 


Sensible Heat Flux, W/Km”2
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*Sensible heat flux feedback amplitudes are roughly half those of LHF.

*The satellite based products appear to show the strongest negative
feedbacks over the Southern Ocean.
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Presentation Notes
Sensible heat flux patterns appear to be similar to those of latent heat flux. 
One notable difference is over the North Pacific around 30N-40N where there appears to not to have a peak in negative feedback.
Since they share the same wind speed in the flux calculation, this may indicated that air temperature adjusts more strongly to an underlying SST anomaly than the surface humidity.
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*Positive values now indicate the change in Qs-Qa with SST, no longer scaled as an

energy feedback.

*Similar patterns are seen here as previously. Note that most areas are indicating

the Qs-Qa coupling generates a negative feed

back.
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Presentation Notes
Note the sign change convention so that this actually represents the sensitivity of variable to an SST anomaly but the colors are reversed so that the colors correspond to the previous figures -- I.e. the positive color indicates a negative feedback. 
Also, we are not scaling these in terms of energy because that requires using the climatological wind speed which is different in the different products and we want to get at this quantity anyway.
A positive Qs-Qa value means the Qs-Qa increases with a warm SST anomaly. Since Qs is increasing by default for a warming SST, this indicates that Qa is not adjusting as rapidly.
Again, Seaflux and Oaflux appear to correspond quite well. There does appear to be a general amount of agreement in this quantity. There look to be slightly smaller amplitudes in MERRA.


Qa 10m, g/kgK
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*The change in Qa alone shows both positive and negative changes with SST. How
can this be when Qs-Qa is nearly everywhere positive?

*Merra shows a general a%reement but appears to adjust more in-step with the

SST change (positive correlations). Which is correct?
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Presentation Notes
We want to look at Qa alone now to get a better feel for just the atmospheric side adjustment. On first glance, it appears that you have fairly good agreement in patterns of positive and negative changes albeit MERRA has less variability and reduce amplitudes. 
Note that in the previous picture we sole almost universally negative feedback (increasing Qs-Qa) but here we see that we have both positive and negative adjustments to a given SST anomaly. How can this be? It just means that in the areas where Qa increases in conjunction with SST, it is not adjusting as quickly -- Note the maximum positive adjustments are less than 1 g/kgK.
The areas where a decrease in Qa with SST are the same areas pinpointed with the largest negative flux feedbacks while the least amount of dampling occurs in areas where they are positively, but weakly correlated.
However, MERRA appears to keep the Qa tied a little too closely to the SST.
Point out that this doesn’t necessarily mean that the mean value is correct or incorrect -- it suggest that the boundary layer variability is being tied too closely to the SST variability.



Ts-Ta, K/K
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*There appears to be less overall agreement than with Qs-Qa with a split between
the products, at least over the N. Pacific.

°For a 1K increase in SST, it appears there would only be a 0.4K adjustment to air
temperature resulting in a 0.6K increase in areas.
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Presentation Notes
This story is very similar to that of Qs-Qa, showing once again the domination of a negative feedback response generated by increasing Ts-Ta such that Ta is not adjusting as rapidly as the SST.
Note that for a 0.6 K increase in Ts-Ta, this would be concomitant with an offsetting 0.4K increase in near-surface air temperature. 
Note that SeaFlux and OAFlux appear to agree well once again.
Largest differences are in the North Pacific where SeaFlux and OAFlux agreen and Hoaps and MERRA tend to agree. 


Wind Speed, m/sK

, OAFLUX, m/sK , SEAFLUX, m/sK

My My

=2 :
80°N| ~~=
1.5
40°N 3
1
| o° |
0.5
40°Sh e
35 5: R
- R Y. BT
u— i o5 ao°s
60°E 120°E 180°W 120°W 60°W 6 120°E 180°W 120°W
?LU , HOAPS3, m/sK J\U , MERRA, m/sK
! 2 : 2
80°N| ~= . . =l 80°N| |
3 '1.5 '1.5
40°N B35 Vs 40°NE
1 1
00 | | 00 | |
_ EREEE 105 05
40°s - ;ﬁ__ 3 40°s |
- 'u",.g-‘ e o ”0
u— i s w0 o
60°E 120°E 180°W 120°W 60°W 60°E 120°E 180°W 120°W 60°W 0°

e|Increases in wind speed appear to align well with the areas of increases in Qs-Qa
and Ts-Ta in areas with the strongest damping.

eAreas of positive feedback are indicated, particularly over the western boundary
current.
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Presentation Notes
Note that with wind speed again it appears MERRA and HOAPS agree  a little better while SeaFLux and OAFlux again are quite similar. 
The primary thing to note here are there are areas with negative changes in wind speed which are directly indicative of a positive wind speed feedback which have been noted in several studies such as Tanimoto et al. and Chelton. Now these appear in region of strong current where the methodology is not well posed. However, recent work but Philip Sura has shown a linear SDE can represent the SST distribution and variability quite effectively when driven by multiplicative noise. The noise in this case is generated by the wind variability so I think it is a possibility that this is what we are seeing here.
Note that the areas with positive increases in wind speed appear to line up well with the positive areas of Qs-Qa and Ts-Ta in the areas of largest feedback.


Net Longwave and Shortwave, W/m”2
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*Positive/negative values indicate positive/negative feedback.
eLongwave appears mostly as a negative feedback while shortwave is more regionally

variable (at least in GEWEX).
*GEWEX,MERRA use roughly the same inputs except for clouds.
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Presentation Notes
Note that we are back to looking at positives and negative in terms of positive and negative feedbacks. Longwave appears to primarily act as a negative feedback while shortwave appears to be more regionally variable. 
The amplitudes in MERRA appear much larger than those you see in the GEWEX dataset. Since they both use roughly the same atmospheric profile, these differences may be linked to the input clouds. 


High and Low Cloud Fraction
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*Now we are |looking at cloud fraction sensitivity (positive value means increase in cloud fraction
with warm SST or vice versa).

*Substantial difference in low clouds.. Is it real? ISCCP clouds are strongly anti-correlated. It
appears low cloud fraction is the driver of the difference in radiative fluxes.
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Presentation Notes
How about those low clouds! Wait where are they??
Clouds appear strongly anti-correlated in ISCCP. Not so much in MERRA. The high cloud response looks a little more coherent now.
Note that an increase in low cloud fraction represents a negative feedback and a decrease indicates a negative feedback. Coasts of CA…


Measures of Spread

Modified Taylor Diagrams
*Radial distance is measure of the
| @LHF' Hoaps3 87.4 % spatial variability relative to a
,Merra  73.6 % reference, here OAFIux.

*Angle from origin represents the
pattern correlation with that of the
reference
*Also included are the ratio of the
50 "Héép'sé . | -.____ mean amplitudes relative to
ST T T S S OAFIlux.
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Presentation Notes
Note what these diagrams are representing and that I have them broken down for the other components as well. 
Note MERRA reduced variability and SeaFlux extra variability. Is this driven by product resolution? 
Hoaps shows reduced variability and amplitudes as well but generally the lowest pattern correlation.


Conclusions and Future Work

The turbulent feedbacks appear to be mostly negative everywhere.

The surface flux component sensitivities appear to align together in areas of
the strongest damping.

* Coherentincrease in winds, decrease in Qa,Ta over warm SSTs and vice versa
* Hint of positive wind speed feedback over boundary currents

Radiative flux feedbacks appear to be primarily related to the cloud inputs

Radiative feedbacks appear to be driven by the low cloud response to SST
which are not well agreed upon in the products studied.

MERRA has reduced variability. Why?

OAFlux and SeaFlux appear most similar albeit SeaFlux containing higher
variability.

Results appear to reinforce earlier studies suggesting these higher resolution
products are capable of capturing the signal within the noise.

Would like to add significance testing - a Monte Carlo approach?
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Extras -N.E. Atlantic

SFC Component Correlations, OAFLUX(solid), MERRA(dashed) SFC Flux Correlations, OAFLUX(solid), MERRA (dashed)
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