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spheric and tropospheric temperature trends for
1979 to 2005 and the corresponding zonal mean
latitudinal profiles. To emphasize the spatial
gradients in the trends, the reference (white)
values in the color bars in (Fig. 1, A and B) are
set equal to the respective global mean trends.
The most pronounced feature is the enhanced
stratospheric cooling and tropospheric warming
in the 15 to 45- latitude belts in both hemispheres, relative to other latitudes. The atmospheric trends for 1979 to 1997 (fig. S1) exhibit
features similar to those in Fig. 1, which indicates that existence of the trend is not contingent on the episode of record-high mid-latitude
temperatures that occurred in summer 1998 in
response to the 1997 El NiDo (1) but is a robust
feature of the period of record from 1979 onward
(fig. S2). The same pattern is evident in the trend
in radiances from MSU channel 2 (fig. S3),
which is a further proof of the enhanced midlatitude tropospheric warming corresponding to
the enhanced stratospheric cooling.
Unless it is compensated by a drop in sealevel pressure in the same latitude belt, the observed pattern of temperature changes in Fig. 1
is indicative of a tendency toward an upward
bulging of the upper tropospheric pressure surfaces
centered around 30- latitude in both hemispheres.
Because 30- latitude corresponds to the latitude of the
tropospheric jet streams, it
can be inferred that the
downward slope of the pressure surfaces toward the
poles has been increasing on the poleward flanks
of the jet streams and decreasing on the equatorward
flanks. Such a reshaping of
the pressure surfaces would
have the effect of shifting
the jet streams poleward.
Based on the observed temperature changes alone, we
Fig. 1. Global and latitudinal distributions of atmospheric temperature estimate that the jet streams
trends for 1979 to 2005 based on satellite-borne MSU observations. in both hemispheres have
(A and C) Stratospheric trends with a global mean of –0.33 K per shifted poleward by È1decade. (B and D) Tropospheric trends with a global mean of þ0.20 K latitude in both summer
per decade. Orange shading represents enhanced rates of stratospheric and winter seasons (6). Becooling and tropospheric warming relative to their respective global cause the jet streams mark
means, and blue shading represents suppressed rates. The polarity is the poleward limit of the
tropical Hadley circulation,
reversed to facilitate comparison between (A) and (B).

oreal summers that follow strong El
NiDo events, like the one that occurred
in 1997, are often characterized by
anomalous tropospheric warmth in mid-latitudes
of both the Northern and Southern Hemisphere.
This warmth occurs in response to El NiDo/
Southern Oscillation (ENSO)–induced, positive–
sea-surface temperature (SST) anomalies in the
Indian and western Pacific Ocean Bwarm pool[
regions (1). The anomalous mid-latitude tropospheric warmth is accompanied by an elevation
of the pressure surfaces in the upper troposphere
and an increased frequency of droughts, including in parts of the United States (1, 2).
From 1979 onward, the most pronounced
SST warming has occurred within this same
Bwarm pool[ region (3). If the planetary-scale
atmospheric circulation responds to the multidecadal SST trends in the same way as it responds to ENSO-induced SST variability, one
might expect to observe a multidecadal trend
toward a warmer mid-latitude troposphere.
We examined atmospheric temperature trends
for 1979 to 2005 based on satellite-borne microwave sounding unit (MSU) data (4–6). Figure
1 shows the global spatial patterns of strato-

B

www.sciencemag.org

SCIENCE

VOL 312

a systematic poleward shift of the jet streams
implies that the tropical circulation has widened
by È2- latitude during this 27-year period (7).
(Our analysis of the National Centers for Environmental Prediction/National Center for Atmospheric Research reanalyses suggests that
sea-level pressures near 30-N and 30-S have
risen relative to surrounding latitudes. Such
pressure rises, if real, would cause an additional
poleward shift in the jet streams.)
In contrast to the seasonally dependent circulation changes reported in association with the
Northern and Southern Hemisphere annular
modes, the changes reported here are occurring
at somewhat lower latitudes, and the Northern
Hemisphere trends are no less pronounced during the warm season (fig. S4) than during the
cold season.
Whether the observed trends in Fig. 1 are an
integral part of the response to greenhouse
warming remains to be seen (8–10). Regardless
of the cause, the poleward shift of the jet
streams and the associated subtropical dry zone
(11), if it continues, could have important societal implications.
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