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Comment on “Contributions of
Anthropogenic and Natural
Forcing to Recent Tropopause

Height Changes”

Santer et al. (1) concluded that an ob-
served increase in tropopause height from
1979 to 1999 resulted, in part, from tropo-
spheric warming due to increased green-
house gases. They further showed that the
largest increases in tropopause height oc-
curred towards the poles, particularly in the
Southern Hemisphere, and asserted that this
spatial pattern is significant.

Tropospheric warming can be character-
ized by an increase in the distance between
upper-tropospheric pressure surfaces and a
near-surface pressure level. This distance can
be directly interpreted as the mean layer tem-
perature, with warming of the 1000–300 hPa
layer resulting in a larger vertical separation
between the two pressure surfaces (2). The
globally averaged 300 hPa surface, and other
pressure surfaces, would also elevate if the
global mean troposphere warmed. We agree
with Santer et al. (1) that the use of quantities
such as tropopause height, which represent an
integral description of the atmosphere, may
provide effective metrics to diagnose com-
plex changes in atmospheric structure. For
this reason, we conclude that pressure alti-
tude and the thickness-derived temperature
between pressure surfaces, such as the 300
hPa heights and the thickness temperature
between the 1000–300 hPa pressure surfaces,
provide effective alternative assessments of
layer-averaged tropospheric temperatures.

Interannual variability in the NCAR/
NCEP (3, 4) reanalysis of the 1000–300 hPa
thickness temperature and the 300 hPa
heights over 1979–1999, using the same data
as (1), are shown in Fig. 1, A and B. Trends
are 0.032°C/decade (P � 0.65) in the layer-
averaged temperature and 0.53 m/decade
(P � 0.84) in the 300 hPa height change.
Globally-averaged tropospheric temperature
trends are statistically indistinguishable from
zero. Thus, the elevation of the globally av-
eraged tropopause reported in (1) cannot be
attributed to any detectable tropospheric
warming over this time period.

Santer et al. (1) concluded that spatial
patterns of tropospheric warming are signifi-
cant. The NCAR/NCEP reanalysis of the
1000–300 hPa average temperature trends
over 1979–1999 and their zonal average are

shown in Fig. 1, C and D. Santer et al. (1)
found the largest increase in tropopause
height in the high southern latitudes. This
increase is clearly dominated by stratospheric
changes [including atmospheric dynamics
(5)], as there is broad tropospheric cooling in
the Antarctic regions. Additionally, Fig. 1C
shows little statistical significance (90 and
95% levels are shaded). Therefore, in general,
regional trends are statistically indistinguish-
able from zero and a tropospheric effect on
tropopause height cannot be inferred.

Christy et al. (6) and Santer et al. (7 )
reported on a spurious lower stratospheric
cooling in the NCAR/NCEP reanalysis data
beginning in 1997. This coding might affect
measures of tropospheric thickness tempera-
ture and height. This concern is unfounded

for three reasons. First, as can be seen from
Fig. 1, A and B, ignoring data after 1996,
linear trends in globally averaged 1000–300
hPa thickness temperature and 300 hPa over
1979 to 1996 were not significant [–0.045°C/
decade (P � 0.55) and –2.59 m/decade (P �
0.33) for 1000–300 hPa thickness tempera-
ture and 300 hPa height, respectively]. This
indicates that the warming described by
Santer et al. (1) resulted from data at the end
of the time series and is not the result of a
general linear warming trend. The map of
thickness temperature spatial trends and their
zonal average over 1979–1996 (Fig. 2)
shows that warming in the Northern Hemi-
sphere is statistically significant only in sev-
eral small isolated regions, and does not sup-
port a conclusion of general warming of the
Northern Hemisphere troposphere—or the
latitudinal characteristics reported in (1). Sec-
ond, because the NCAR/NCEP reanalysis
data are tuned by radiosonde data, long-term
trends are dependent on the evolution of the
radiosonde data over time (6). This connec-
tion with observations prevents any model
drift in tropospheric heating over time. Third,
temperature profiles are integrated upwards
(8), so any bias in the stratosphere would not
have a direct effect on the computation of

Fig. 1. Interannual variability in the NCAR/NCEP reanalysis of the 1000–300 hPa thickness
temperature (A) and the 300 hPa heights (B) over 1979–1999 using the same data as in (1).
Bottom panels show the NCAR/NCEP reanalysis map of 1000–300 hPa thickness temperature
spatial trends (C) and their zonal average (D) over 1979–1999.
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underlying tropospheric pressure-surface
heights. Thus, the NCAR/NCEP reanalysis
is a valuable tool for climate assessments
(9 –12).

Some have questioned the independence
of the NCAR/NCEP reanalysis and the MSU
lower tropospheric data (13). However, our
previous intercomparisons were made specif-
ically with the Christy et al. (9) MSU lower
tropospheric data (which was adjusted and
merged with the microwave data sets), and
not the raw MSU satellite radiances used in
the package that generates temperature re-
trievals for NCEP reanalyses. The Christy et
al. data product was not used in the NCAR/
NCEP reanalysis (6). Since the MSU lower
tropospheric data and radiosonde data are
independent sources, the long-term rate of
change in the temperature fields that they
diagnose are independent of each other.
These data can therefore be compared to
assess the accuracy of trend and variability in
the reanalysis.

Observed changes in the magnitude of
the 200 (or 300) hPa winds provide an
additional integrative measure of changes
in tropospheric thermal structure where the
atmosphere itself does the integration. Us-
ing the thermal wind equation, the east-
west wind velocity allows inference of the
tropospheric-averaged, north-south hori-
zontal temperature gradient (14 ). As shown
in (14 ), there was no reduction in the
equator-to-pole temperature gradient over
1979 –1997 in either hemisphere, contrary
to the indication in (1).

Finally, the climate system is much more
complex than defined by tropospheric tem-
perature and tropopause changes. Linear
trend analysis is of limited significance (15).
Changes in global heat storage provide a
more appropriate metric to monitor global
warming than temperature alone (16).
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Fig. 2. NCAR/NCEP reanalysis map of 1000–300 hPa thickness temperature spatial trends (A) and
their zonal average (B) over 1979–1996.
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