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Response to Comment on
“Contributions of Anthropogenic
and Natural Forcing to Recent
Tropopause Height Changes”

Pielke and Chase (1) contend that the tropo-
sphere has not warmed since 1979, and that
tropospheric warming cannot contribute to
observed increases in tropopause height (2).
They base this contention on the absence of
tropospheric warming in thickness data and
geopotential heights obtained from the Na-
tional Center for Environmental Prediction
(NCEP) reanalysis, which is a synthesis of in
situ observations and numerical weather fore-
casts (3). The crux of their argument is that
NCEP reliably portrays the global-scale tro-
pospheric temperature changes that have oc-
curred in the real world. The validity of this
argument rests heavily on the credibility of
three scientific claims made in (1).

Before examining these claims, it is im-
portant to note that we do not dispute the
Pielke and Chase finding of no recent tropo-
spheric warming in NCEP. We reported a
similar result previously (2, 4 ). Their analysis
of the NCEP 300 hPa geopotential height and
1000–300 hPa thickness data provides equiv-
alent information to that obtained in our ear-
lier study of synthetic Microwave Sounding
Unit (MSU) temperatures in NCEP (4 ). How-
ever, we strongly differ from Pielke and
Chase in our assessment of the reliability of
NCEP-based atmospheric temperature trends.

The first claim made by Pielke and
Chase (1) is that tropospheric temperature
trends in NCEP are primarily due to the
assimilated radiosonde data (“long-term
trends are dependent on the evolution of the
radiosonde data over time”). This is incor-
rect. In addition to radiosonde information,
the NCEP reanalysis incorporates observa-
tions from satellite sounders, aircraft, sur-
face marine data, land surface synoptic
data, and satellite-derived winds (3). In the
three-dimensional variational assimilation
scheme (3D-VAR) employed by NCEP,
each type of observation can affect atmo-
spheric temperatures.

NCEP uses satellite-based temperature
retrievals from the National Environmental
Satellite Data and Information Service
(NESDIS). These retrievals commence in
November 1978 and are assimilated over all
ocean areas, and above 100 hPa over land
areas with poor radiosonde coverage (3).

Given the sparse distribution of radiosondes
over most oceans, the NESDIS retrievals are
the primary observational input to the NCEP
reanalysis over much of the globe (at least
during the satellite era). Radiosondes are
therefore unlikely to be the main driver of
NCEP’s recent trends in global-scale tropo-
spheric temperature.

Furthermore, there are significant uncer-
tainties in the radiosonde data assimilated
by NCEP. While these data are quality-
controlled prior to assimilation (3), the con-
trol process does not explicitly adjust for
effects of changes in radiosonde sensors and
monitoring procedures. Accounting for such
inhomogeneities can have considerable im-
pact on radiosonde-based estimates of global-
scale tropospheric temperature trends (5).
Uncertainties in the assimilated radiosonde
data must therefore propagate into the tropo-
spheric temperatures estimated from NCEP
or any other reanalysis. 3D-VAR systems do
not completely remove this problem.

The second claim made in (1) relates to
the assimilated NESDIS temperature re-
trievals. Pielke and Chase maintain that
known biases in these retrievals (6 ) are
confined to the stratosphere and do not
adversely affect NCEP’s tropospheric tem-
peratures. This is also incorrect. Regional-
ly, the NESDIS retrievals have large biases
in the temperature and static stability of the
troposphere (7 ). These biases are related to
such factors as poor vertical resolution of
the satellite radiances, airmass type, and the
use of climatological-mean “first guess”
temperature profiles for retrievals (7, 8).
Intersatellite radiance biases, changes in
cloud-clearing algorithms (9), and changes
in the retrieval algorithms themselves (7 )
also introduce spurious temporal variability
in the retrievals (10, 11).

The third claim in (1) is that NCEP’s
trends in lower tropospheric temperature
(LTT) are supported by an independent data
set: MSU LTTs processed by the University
of Alabama, Huntsville (UAH) (12). This is
not the case. Although both groups employ
different procedures to estimate LTT chang-
es, the NESDIS temperature retrievals assim-
ilated by NCEP rely partly on the same raw

MSU radiances used by UAH. Given this
similarity in primary data sources, trend
agreement does not necessarily constitute in-
dependent validation of either NCEP or
UAH; LTT changes in both data sets may be
incorrect (10).

The same concerns apply to the Pielke and
Chase assertion that radiosondes and UAH
data provide independent estimates of LTT
trends. UAH use radiosonde information in
the process of merging MSU data from over-
lapping satellites (12, 13). This strategy can
affect the claimed independence of MSU/
radiosonde trend comparisons. Furthermore,
such comparisons typically focus on the rela-
tively small geographical areas where reliable
radiosonde information is available and cannot
be used to validate global-scale LTT changes
estimated by UAH.

In summary, Pielke and Chase have fo-
cused on NCEP data, in which the tropo-
sphere cools over the satellite era. It is likely
that some or all of this cooling is spurious and
arises from biases in the temperature retriev-
als assimilated by NCEP (10). They ignore
data sets showing recent tropospheric warm-
ing that conflicts with their claims. Examples
include the ERA-15 reanalysis (14 ) and a
new satellite-based temperature data set rely-
ing on the same raw MSU radiances pro-
cessed by UAH (15). Tropospheric warming
in ERA-15 contributed to our positive iden-
tification of a model “fingerprint” of anthro-
pogenic and natural effects in ERA-15 tropo-
pause height data (2, 16).

Our report (2) acknowledged uncertainties
in the relative contributions of tropospheric
and stratospheric temperature changes to re-
cent tropopause height increases. Our detec-
tion results are robust to these uncertainties.
In spite of NCEP’s tropospheric cooling,
there is strong evidence from other data sets
that the troposphere has warmed, and that this
warming contributes to recent tropopause
height increases.
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