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FIG. 4. Temperature trend (K decade!1) as a function of pressure level (hPa) (left) for 1959–97 and (right) for
1979–97. Because of the different ranges, trend profiles have been plotted separately for (top) stratospheric and
(bottom) tropospheric levels, with different increments on the abscissa. Trend is median over all stations in a particular
latitude zone: NH (30"–90"N, blue), TRPC (30"N–30"S, green), and SH (30"–90"S, red). Each zone has curves based
on unadjusted (UNADJ, dashed) and adjusted (LIBCON, solid) data.

theless, the trend estimates should be viewed with less
confidence higher in the stratosphere.
The trend profiles shown in Fig. 4 are consistent with

the widely accepted notion of tropospheric warming and
much stronger stratospheric cooling. Globally the strato-
spheric cooling is significant in both time periods while
the tropospheric warming is only significant for the lon-
ger one. In accord with the tendency for instrument
changes to lead to artificial cooling with time, the ad-
justed trend profiles (solid) are typically slightly more
positive than the unadjusted ones (dashed). In the lower
stratosphere, UNADJ cooling is greater than LIBCON,
especially for the TRPC during 1979–97. Unadjusted
TRPC trends are statistically significantly less than ad-
justed ones during 1979–97 and borderline for 1959–
97; global stratospheric trends (not shown) are signifi-

cantly less for both time periods. Prior to adjustment,
the TRPC zone has a significantly more negative trend
than the NH during both time periods, and the SH during
1979–97 (1959–97 is borderline significant); after ad-
justment the TRPC zone is not statistically different
from the other zones. This finding has important im-
plications for the validation of GCMs being used to
study the effects of anthropogenically induced changes
in greenhouse gas and ozone concentrations since, ac-
cording to our estimates, the apparent latitudinal dif-
ferences in the stratosphere are not real. While we be-
lieve we have removed a major part of the stratospheric
latitudinal bias, later (section 8) we suggest that the
TRPC may still be showing too much cooling, and the
NH too much warming.
While the magnitude of the estimated trend bias is

Temperature trends from Lanzante et al. 2003

Green: tropics. Blue: NH. Red: SH. 
Solid: corrected.

K/decade. 



  

 

Figure 1. Trends in zonal-mean, annual-mean temperatures as a function of 
height and latitude for 1979-2003. Left: trends based on the NCEP/NCAR 
Reanalysis; right: trends based on radiosonde data from the Integrated Global 
Radiosonde Archive (IGRA). Units K/decade.
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Circles: trends at all radiosonde stations.
Solid: trends from the Reanalysis.
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• Caveats:
• discontinuity in Reanalysis ~2001
• changes in instrumentation
• discrepancy with MSU4



  

 

Figure 1. Trends in zonal-mean, annual-mean temperatures as a function of 
height and latitude for 1979-2003. Left: trends based on the NCEP/NCAR 
Reanalysis; right: trends based on radiosonde data from the Integrated Global 
Radiosonde Archive (IGRA). Units K/decade.
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Circles: trends at all radiosonde stations.
Solid: trends from the Reanalysis.
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RAOB data sets used by SPARC-STTA are compila-
tions of data from various radiosonde stations, grouped,
interpolated, and/or averaged in various ways to obtain
monthly-mean and latitude-mean, pressure-level, or ver-
tical-average temperatures.

2.1.2. Rocket and lidar. Rocket and lidar data
cover the altitude range from about the middle to the
upper stratosphere and mesosphere. Rocketsonde data
are available through the early 1990s from some loca-
tions, but the activity now appears to be virtually termi-
nated except in Japan (see Table 2). The lidar measure-
ment, similar to the rocketsondes, has a fine vertical
resolution. Since 1979, lidar measurements of strato-
spheric temperatures are available from the Haute Prov-
ence Observatory (OHP) in southern France (Table 1).
Specifically, the “lidar” temperatures observed at alti-
tudes of 30–90 km are obtained from two lidar stations,
with data interpolated to pressure levels [Keckhut et al.,
1995]. Several other lidar sites have initiated operations
and could potentially contribute in future temperature
trend assessments.

2.1.3. MSU and SSU satellites. Satellite instru-
ments that remotely sense stratospheric temperatures
have become available since !1979 (Table 1). An im-
portant attribute of the satellites is their global coverage.
The satellite instruments fall into two categories: re-
motely sensing in the microwave [Spencer and Christy,
1993] and thermal infrared [Nash and Forrester, 1986]
wavelengths. In contrast to the ground-based measure-
ments, for example, the radiosonde, which perform mea-
surements at specific pressure levels, the available satel-

lite sensors sense the signal from a wide range in
altitude. The nadir satellite instruments “sense” the
emission originating from a layer of the atmosphere
typically 10–15 km thick.

The “MSU” channel 4 data set derives from the lower
stratosphere channel (!150–50 hPa) of the Microwave
Sounding Unit on NOAA polar operational satellites
(Figure 1a). The “Nash” data set consists of brightness
temperatures from observed (25, 26, and 27) and derived
(47X, 36X, 35X, 26X, and 15X) channels of the Strato-
spheric Sounding Unit (SSU) and High-Resolution In-
frared Sounder (HIRS) 2 instruments on these same
satellites (Figure 1) [see also WMO, 1990a]. Figure 1 also
illustrates the weighting function for the MSU and SSU
channels analyzed here, illustrating the thick-layer na-
ture of the measurements. For example, the entire at-
mospheric emission for the microwave MSU channel 4
comes from the !12- to 22-km layer, while for the
thermal infrared SSU channel 15X, it is from the !12- to
28-km layer. A nominal center pressure of each satellite
channel has been designated (Table 1), but note that the
preponderance of energy comes from a !8- to 12-km-
thick vertical layer centered around the concerned pres-
sure level (Figure 1).

One complication with satellite data is the disconti-
nuities in the time series owing to the measurements
being made by different satellites monitoring the strato-
sphere since 1979. Adjustments have been made in the
Nash channel data to compensate for radiometric dif-
ferences, tidal differences between spacecraft, long-term
drift in the local time of measurements, and spectro-

Figure 1. Altitude range of the signals “sensed” by the various thermal infrared channels of the Strato-
spheric Sounding Unit (SSU) instrument and that sensed by channel 4 of the Microwave Sounding Unit
(MSU). Shown are (a) nadir and (b) combination of nadir and off-nadir channel weighting functions.
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Circles: trends at all radiosonde stations.
Solid: trends from the Reanalysis.
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Circles: trends at all radiosonde stations.
Solid: trends from the Reanalysis.
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Figure 8. Trends in temperature (left) and geopotential height (right) anomalies averaged 60-

90N (top) and 60-90S (bottom) for 1979-2003. Trends are shown as a function of month and 

pressure level. Shading denotes trends that exceed 1 standard deviation of the interannual 

variability. Note that the NH ordinate axis is shifted relative to the SH ordinate axis. Trends 

based on radiosonde data from the IGRA. Units K/decade (-0.25, 0.25, 0.75...) and m/decade 

(-8, 8, 24...). 
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