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Fig. 1. Global and latitudinal distributions of atmospheric temperature
trends for 1 9 7 9 to 2 0 0 5 based on satellite- borne M S U observ ations.
(A and C) S tratospheric trends w ith a g lobal mean of – 0 . 3 3 K per
decade. (B and D) T ropospheric trends w ith a g lobal mean of þ0 . 2 0 K
per decade. O rang e shading represents enhanced rates of stratospheric
cooling and tropospheric w arming relativ e to their respectiv e g lobal
means, and blue shading represents suppressed rates. T he polarity is
rev ersed to facilitate comparison betw een (A ) and (B ) .
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Material and Methods 

1. MSU data and retrieval scheme 

 W e used MSU channels 2 and 4 gridded (2.5
o
 by 2.5

o
) monthly anomaly 

brightness temperature data compiled by the RSS team (S1) from January 1979 to 

December 2005.  The stratospheric temperature trends are directly derived from channel 

4.  The global distribution of tropospheric temperature trends is derived from a linear 

combination of channels 2 and 4 following (S2)-(S3) with explicit consideration of the 

tropopause height dependence on the latitude (S4).  Note that the enhanced midlatitude 

tropospheric warming belts can be also inferred from the RSS T2LT data (S5).

2. Estimating the shift of the jet stream 

The latitudes of the jet streams in 1979 and 2005 are inferred from the geostrophic 

equation, as applied to north-south profiles of zonally-averaged geopotential height of the 

200 hPa pressure surface. To obtain the 1979 and 2005 200-hPa height profiles, the time-

mean 1979-2005 profile based on the NCEP/NCAR reanalyses is perturbed by 

subtracting and adding the north-south profile of 200-hPa height trend multiplied by 13.5 

years. The north-south profile of 200-hPa height trend is inferred from zonal averages of 

the MSU-derived tropospheric temperature trends, as applied to the 1000-200-hPa layer.

Jet stream positions were estimated by applying a 9-point cubic polynomial best fit to the 

zonally averaged geostrophic wind profiles to derive continuous curves from the grid 

point data, which are defined at 2.5°increments of latitude. 
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Figure S1 

Fig. S1.  Same as Fig.1 but for 1979�1997.
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Figure S2 

Fig. S2: Time evolution of the zonal mean temperature monthly anomalies in (A) 

Stratosphere and (B) Troposphere.  The anomalies are relative to climatological monthly 

means over 1979-1998 (these anomalies were smoothed by applying a 5-month running 

mean).  The natural influences including both ENSO and volcanic eruptions modulate the 

evolution of the patterns but do not drive the overall trends for 1979-2005. 
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Figure S3 

Fig. S3. Global and latitudinal distributions of MSU channel 2 (T2) trends for 

1979-2005.
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Figure S4 

Fig. S4.  Same as Fig. 1 but for the boreal summer season (June, July and August).  The 

color bar in (A) is centered at -0.35 K/decade which is the average trend from 60S to 

90N.
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