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(Peixoto and Oort, fig 7.13b)

Upper level (200hPa) flow and height field anomaly: DJF

Peixoto and Oort, fig 7.13b; contours are z-11784m at 200hPa

Upper level (200hPa) flow and height field anomaly: DJF



(Peixoto and Oort, fig 7.13c)

Upper level (200hPa) flow and height field anomaly: JJA

Peixoto and Oort, fig 7.13c

Upper level (200hPa) flow and height field anomaly: JJA



CDC interactive plotting website

Upper level (200hPa) zonal wind: DJF



CDC interactive plotting website

Upper level (200hPa) zonal wind: JJA



Peixoto and Oort, fig 7.1a; contours are z-13m at 1000hPa

Near-surface flow and height field anomaly



ERA40 reanalysis 1980-2001

Mean zonal wind (m/s) in latitude-height plane
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ERA40 reanalysis 1980-2001

Mean meridional streamfunction (1010 kg s-1)
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(ERA40 reanalysis 1980-2001)

Eulerian mean meridional streamfunction (1010 kg s-1)
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ERA40 reanalysis 1980-2001

Dry-isentropic mean meridional streamfunction (1010 kg s-1)
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Red: Tropopause
Magenta: 10, 50, 90 percentiles of surface potential temperature distribution



ERA40 reanalysis 1980-2001

Dry-isentropic mean meridional streamfunction (1010 kg s-1): 
JJA

Red: Tropopause
Magenta: 10, 50, 90 percentiles of surface potential temperature distribution
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Pauluis et al, Science, 2008

Mean meridional circulation on dry and moist isentropes



Pauluis et al, Science, 2008

Mean meridional circulation on dry and moist isentropes

Another step in the Lorenz epistemology of 
the general circulation?



Peixoto and Oort, fig 7.22
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ERA40 
based on 850hPa relative vorticity

from Bengtsson et al 2006

Cyclone tracks: 
NH DJF

than the whole hemisphere used here, reflecting the
differences discussed above.

b. Southern Hemisphere extratropics

Figure 4 shows the storm track statistics for the
Southern Hemisphere (SH) winter (JJA). For ERA-40
the generation of cyclones (Fig. 4c) occurs throughout

the storm track regions but with preferred regions oc-
curring to the east of the southern Andes. The area of
cyclogenesis is extended both northward and south-
ward along the same longitude with the southern area
extending to the northern part of the Antarctic Penin-
sula. These areas of cyclogenesis are more confined in
the SH summer and more extended in the other sea-

FIG. 2. NH DJF !850 cyclonic storm track statistics for ERA-40 (1979–2002) and ECHAM5 (AMIP, averaged over three realizations):
(a) ERA-40 track density (color) and mean intensity (line), (b) ECHAM5 track density (color) and mean intensity (line), (c) ERA-40
cyclogenesis density, and (d) ECHAM5 cyclogenesis density. Densities are number density per unit area per month where the unit area
is equivalent to a 5° spherical cap (" 106 km2) and mean intensities are in units of 10# 5 s# 1. Dashed lines indicate specific mean
intensities.
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Cyclone tracks: 
SH JJA
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of tropical and midlatitude SSTs to the structure of the
SH winter storm tracks. For a more detailed account of
SH storm track activity in ERA-40 see Hoskins and
Hodges (2005).

Figures 4b,d show the results for the AMIP
ECHAM5 integrations averaged over the three realiza-
tions. The areas of cyclogenesis are rather similar to
that of ERA-40 but some differences can be seen. The
area of cyclogenesis is more concentrated in the south-
ern part of Patagonia with the more equatorward
maxima being considerably weaker than in ERA-40,

possibly consistent with deficiencies in the representa-
tion of the winter time split jet structure compared to
ERA-40. There is also more genesis in the Indian
Ocean sector and east of Tasmania than in ERA-40. As
can be seen in Fig. 4b the double band of storm tracks
exists between Australia and South America in the
ECHAM5, but the break through the Tasmania region
is less clear than in ERA-40. The intensity of the storms
is similar to ERA-40 but less confined in the Western
Hemisphere. On the other hand the storms in
ECHAM5 are stronger around east Antarctica with a

FIG. 4. Same as in Fig. 2, but for SH in JJA.
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based on 850hPa relative vorticity

from Bengtsson et al 2006



Large-scale turbulent flow in the atmosphere



Illustration of large-
scale atmospheric flow: 
satellite water vapor 
imagery 

Animation: Robert Simmon,NASA
Data: Seviri water vapor (IR)



Power spectrum of meridional wind at 45S
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Nastrom et al,  
Nature, 1984: Fig. 1
commercial aircraft data 
near the tropopause 
(meridional data is shifted one 
decade to the right)



Water vapor and the hydrological cycle



CDC interactive plotting website

Precipitation (mm/day) 
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Time and zonal mean specific humidity 

ERA40, 1980-2001



Time and zonal mean saturation specific humidity 

ERA40, 1980-2001
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Time and zonal mean relative humidity 

ERA40, 1980-2001
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Next steps

• Understand maintenance of:

- thermal structure

- mean surface winds

- relative humidity and precipitation


