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Relative humidity (annual mean)

(Data source: ERA-40)



Processes influencing humidity distribution

(Held & Soden 2000)
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Processes influencing humidity distribution
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(Held & Soden 2000)



Last saturation of subtropical air masses

(Galewski, Sobel & Held 2005)
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Brightness temperature January 1994

(Courtesy of CLAUS: http://badc.nerc.ac.uk/data/claus/)

http://badc.nerc.ac.uk/data/claus/
http://badc.nerc.ac.uk/data/claus/


Relative humidity in isentropic coordinates

Dotted lines: 250, 500, 750, 925 hPa pressure contours

(Data source: ERA-40; Schneider et al. 2006)



Isentropic mass flux streamfunction

Dotted lines: 250, 500, 750, 925 hPa pressure contours

(Schneider et al. 2006)

[109 kg s-1]



Mean meridional flux of water vapor

Dotted lines: 250, 500, 750, 925 hPa pressure contours

(Schneider et al. 2006)

[±(2-4, 2-3, ...) ×1 kg m-1 K -1 s-1]



Meridional eddy flux of water vapor

Large-scale eddies dominate meridional water vapor flux deep into Tropics

(Schneider et al. 2006)

[±(2-4, 2-3, ...) ×1 kg m-1 K -1 s-1]
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• Isentropic eddy fluxes dominate meridional flux in 
free troposphere

• Isentropic mean fluxes play secondary role in free 
troposphere but are important near surface

• Isentropic eddy fluxes diverge in the tropics, 
convergence in the extratropics, without strong 
net import to or export from subtropics

• Near RH minima, dominant divergence is mean 
descent, balanced primarily by cross-isentropic 
fluxes (plus possibly re-evaporation)

Water vapor fluxes in the zonal mean



What moistens the subtropics?

• Use ECMWF Integrated Forecast System (IFS) 
hindcasts for DJF 1998/1999 to get breakdown of 
diabatic processes affecting water vapor balance.

• T511 horizontal resolution, 60 vertical levels, 4D 
variational data assimilation

(Data from Tompkins, Li, Waliser)



Divergence of flux components (DJF)

(Couhert et al., J. Climate, in press)

Isentropic meanIsentropic eddies

Diabatic mean Diabatic fluctuations

GS condens. SGS condens.



Relative humidity on 323-K isentrope

(Couhert et al., J. Climate, in press)



WV flux divergence on 323-K isentrope

(Couhert et al., J. Climate, in press)

Isentropic meanIsentropic eddies

Cross-isentropic fluctuations Cross-isentropic mean



Divergence of cross-isentropic fluxes

(Couhert et al., J. Climate, in press)

Dynamic meanDynamic fluctuations

Radiative fluctuations Radiative mean



Drying owing to cross-isentropic fluxes and 
net condensation

Radiative Dynamic

(Couhert et al., J. Climate, in press)



• Isentropic eddy fluxes transport wv through subtropics, but do 
not lead to substantial import or export in the zonal mean

• Dominant moistening process balancing drying by (radiative) 
subsidence is cross-isentropic convective flux, e.g., over 
summer hemisphere continents or western ocean basins

• Evaporation of condensate is secondary moistening process at 
lower levels

• Regional imbalance between subsidence drying and cross-
isentropic moistening controls regional relative dryness (e.g., 
over eastern ocean basins)

• Isentropic eddy fluxes transport wv from moister into drier 
regions within the subtropics (transport wv downgradient)

Conclusions for subtropical free troposphere




