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Increments oppose the SH zonally symmetric low latitude easterlies. 



DJF 

JJA 



Lat-Lon structure of the analysis 
increments 

Is there something special about the NH low latitudes in winter? 

No, the increments act to oppose the low level flow in general. 
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BUT 
This would mean that the surface drag output from the 
reanalysis is incorrect.  It should be more easterly in the NH 
low latitudes. 

The surface drag in the CMIP models would be more correct, 
but they’re getting it for the wrong reasons. They’re getting 
it with a low level flow that’s too strong. 
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Two Possibilities? 

(2) We are missing some other physics near the surface that 
should act to decelerate the flow, maybe some kind of 
horizontal diffusive process? 

Then the near surface winds and the surface wind stress 
from the reanalysis would be correct. 

In that case, both the near surface winds and the surface 
drag in the CMIP models would be incorrect. 

We’re just compensating for this missing process with the 
analysis increments. 
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All (?) global estimates of surface stress rely on 
assumptions about the drag coefficient. 

How confident are 
we in the drag 

coefficient? 

Garfinkel et al (2011) 

Instantaneous 
10m wind 
magnitudes 

Or do we need to 
explain the missing 

low level tendencies 
with some other 

physics? 



Thanks! 





Extra Slides 





Seasonal evolution of low latitude wind stress differences 

ERA-Interim vs multi-model mean 

MERRA vs multi-model mean 



CMIP5 momentum budget as a function of season 

MERRA Budget 



(Analysis – Forecast) vs Forecast 
Ocean points north of 30S, 950hPa 

DJF JJA 

Negative correlation  assimilation of observations 
acts to reduce the climatological low level winds. 







Ocean Currents 

Lumpkin and Johnson (2013) 



Jungclaus et al (2006) 



All of these wind stress estimates rely on some formulation of 
the drag coefficient 

Risien and Chelton (2008) 







Expect 

Forecast Evolution compared to Analysis Evolution = (Forecast – Analysis) 

E W W E 

E 


