
Abstract

	 Data from global reanalyses are routinely used as initial and lateral boundary conditions 
for regional numerical weather prediction modeling. Reanalyses have also been used for longer 
term assessments of tropospheric temperature trends. Our study compares linear tropospheric 
temperature trend estimates for radiosonde and reanalysis data, both annually and seasonally, 
at land-based sites in the Americas and Australasia/Oceania from 1979-2001 in order to assess 
the quantitative agreement between the two types of data. In our analyses, we found that the 
average radiosonde trends generally fell in between the average reanalysis trend values and 
indicate that reanalyses are indeed appropriate to use for climate trend analysis.

	 The most significant differences between the radiosonde and reanalysis datasets occurred 
during the Northern Hemisphere growing season (April – September), and at upper levels of the 
troposphere (200 and 300 mb). The semiannual variations in the significance of the reanalysis-
radiosonde average temperature trend differences may be indicative of regional variations 
in these differences. Additional reanalysis-radiosonde comparisons using newer radiosonde 
datasets that have more global coverage are recommended to further investigate such regional 
patterns and better understand global properties of these trend differences.
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Fig. 3.  As in Fig. 2, but for seasonally-averaged temperature trends (error bars indicate ±1 standard deviations) at selected 
pressure levels, for (a) JFM, (b) AMJ, (c) JAS, and (d) OND.
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becomes less significant at other times of the year. The 
upper levels of the troposphere consistently have the 
most significant reanalysis-CARDS trend differences 
(ERA-40 warmer, NCEP cooler) in all seasons.

4. Discussion and Conclusions

	 The goal of our study was to investigate, for the 
troposphere, differences in temperature trends between 
CARDS and reanalysis datasets. This work augments 
previous comparisons of these datasets (Agudelo and 
Curry 2004) by examining these differences on a seasonal 
basis.
	 It should be reiterated that the study period chosen 
here (1979-2001) was dictated primarily by the available 
datasets. The CARDS data were only available after 1979. 

Also, satellite data were beginning to be more extensively 
incorporated into reanalysis data in the late 1970s. It 
would be preferable, of course, to conduct these trend 
analyses over a much longer time period, to help reduce 
the error in the estimated trends.
	 Annually and seasonally, the ERA-40 reanalysis average 
trends tend to be the warmest among the three datasets 
considered here, while the NCEP data show relatively 
less warming than the other two datasets. As a result, the 
CARDS average temperature trend values generally fall in 
between those of the NCEP and ERA-40 reanalyses. This 
would then indicate that for tropospheric temperature 
trends, available reanalysis datasets do agree satisfactorily 
with the CARDS data and reanalyses are in fact appropriate 
for evaluating long-term regional trends in tropospheric 
temperature. The agreement between observations and 
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the reanalyses for locations where the information is 
coincident provides support that the reanalysis permits 
realistic assessments of regional trends for locations 
where radiosonde observations are not present, but 
satellite derived vertical soundings are present.
	 The level of significance of the differences between 
the averaged trends of CARDS and reanalyses seems to 
follow a semiannual pattern, with the more significant 
differences occurring roughly during the Northern 
Hemisphere growing season (i.e., April-September). This 
may be indicating a notable semiannual spatial variation 
in reanalysis versus radiosonde datasets between the 
Northern and Southern Hemispheres, which could be 
looked into more fully by using additional sites around 
the globe.
	 One dataset that would provide this additional 
radiosonde site coverage around the globe is the IGRA 
dataset, introduced earlier. At the time we conducted our 
study, IGRA was not yet available, hence the use of CARDS 
data. Further work on this topic is recommended and 
would benefit from using the IGRA dataset.

Authors

Dr. Christopher A. Davey is currently a Post-Doctorate 
Fellow with the Western Regional Climate Center, located 
at Desert Research Institute (DRI) in Reno, Nevada. He 
received his M.S. in Atmospheric Science at Colorado State 
University in 2000 and his Ph.D. in Ecology at Colorado 
State University in 2005. Dr. Davey has studied satellite 
meteorology, including satellite-based retrievals of 
tropospheric moisture using microwave wavelengths. He 
has also participated in the Automated Surface Observing 
System Data Continuity Program. More recently, Dr. Davey 
has studied possible effects of poor weather station siting 
on observed temperatures and has studied alternative 
metrics for measuring near-surface heating trends.  In 
2006, he received the Dissertation Medal in Applied 
Climatology from the American Association of State 
Climatologists for his innovative research on the use of 
alternative heat metrics to measure near-surface heating 
trends.

Dr. Roger A. Pielke Sr. is currently a Senior Research 
Scientist in the Cooperative Institute for Research in 
Environmental Sciences (CIRES) and a Senior Research 
Associate at the University of Colorado-Boulder in the 
Department of Atmospheric and Oceanic Sciences (ATOC) 
at the University of Colorado in Boulder. He is also an 
Emeritus Professor of Atmospheric Science at Colorado 
State University. He received his Ph.D. in Meteorology from 
Pennsylvania State University in 1973. Dr. Pielke served 
as Colorado State Climatologist from 1999-2006. He has 
studied terrain-induced mesoscale systems, including the 
development of a three-dimensional mesoscale model 
of the sea breeze. His research interests also include the 
climatic effects of spatio-temporal landcover variations, 
both through climate model studies and observational 
analysis, with a recent emphasis on uncertainties 
in interpreting near-surface air temperatures, due 
to landcover characteristics. Dr. Pielke has received 
numerous awards for his research and has published over 
300 papers in peer-reviewed journals, 50 chapters in 
books, and co-edited 9 books.

Dr. Thomas N. Chase is currently a faculty member at 
the Cooperative Institute for Research in Environmental 
Sciences (CIRES) located at the University of Colorado-
Boulder. He received his Ph.D. in Atmospheric Science from 
Colorado State University in 1999. His research interests 
include the climatic effects of landcover change, both 
through climate model studies and observational analysis, 
with an emphasis on atmospheric circulation changes 
which may have resulted from recent landcover changes 
and interactions with other natural circulation regimes 
such as those due to El Nino/Southern Oscillation or 
monsoons. Dr. Chase has also been involved in examining 
general feedback behavior to changes in the climate 
system, particularly as mediated by the hydrological 
cycle.



Davey et al.  

116  National Weather Digest

References

Agudelo, P. A., and J. A. Curry, 2004: Analysis of spatial 
distribution in tropospheric temperature trends. Geophys. 
Res. Lett., 31, L02611, doi:10.1029/2003GL019361.

Angell, J. K., 1988: Variations and trends in tropospheric 
and stratospheric global temperatures, 1958-87. J. 
Climate, 1, 1296-1313.

__________, 2000: Difference in radiosonde temperature 
trend for the period 1979-1998 of MSU data and the 
period 1959-1998 twice as long. Geophys. Res. Lett., 27, 
2177-2180.

Bengtsson, L., E. Roeckner, and M. Stendel, 1999: Why 
is the global warming proceeding much slower than 
expected? J. Geophys. Res., 104, 3865-3876.

________,S. Hagemann, and K. I. Hodges, 2004: Can climate 
trends be calculated from reanalysis data? J. Geophys. 
Res., 109, D11111, doi:10.1029/2004JD004536.

Bluestein, H. B, and P. C. Banacos, 2002: The vertical profile 
of wind and temperature in cyclones and anticyclones 
over the eastern two-thirds of the United States: A 
climatology. Mon. Wea. Rev., 130, 477-506.

Castro, C. L., R. A. Pielke Sr., and G. Leoncini, 2005: 
Dynamical downscaling: Assessment of value retained 
and added using the Regional Atmospheric Modeling 
System (RAMS). J. Geophys. Res., 110, D05108, 
doi:10.1029/2004JD004721.

Chase, T. N., R. A. Pielke, Sr., J. A. Knaff, T. G. F. Kittel, and 
J. Eastman, 2000: A comparison of regional trends in 
1979-1997 depth-averaged tropospheric temperatures. 
Intl. J. Clim., 20, 503-518.

Chelliah, M., and C. F. Ropelewski, 2000: Reanalyses-based 
tropospheric temperature estimates: Uncertainties in 
the context of global climate change detection. J. Climate, 
13, 3187-3205.

Christy, J. R., and R. W. Spencer, 1995: Assessment of 
precision in temperatures from the Microwave Sounding 
Units. Climatic Change, 20, 613-629.

___________, and W. B. Norris, 2004: What may we conclude 
about global tropospheric temperature trends? Geophys. 
Res. Lett., 31, L02611, doi: 10.1029/2003GL019361.

___________, R. W. Spencer, and W. D. Braswell, 2000: MSU 
tropospheric temperatures: Dataset construction and 
radiosonde comparisons. J. Atmos. Oceanic. Technol., 17, 
1153-1170.

___________, R. W. Spencer, W. B. Norris, W. D. Braswell, and D. 
E. Parker, 2003: Error estimates of Version 5.0 of MSU/
AMSU bulk atmospheric temperatures. J. Atmos. Oceanic 
Technol., 20, 613-629.

Climate Change Science Program (CCSP), cited  2006: 
Temperature trends in the lower atmosphere: 
Understanding and reconciling differences, T.R. Karl, C.D. 
Miller, W.L. Murray, and S.J. Hassol, Eds. A report by the 
Climate Change Science Program and the Subcommittee 
on Global Change Research, Washington, DC, 164 pp. 
[Available online at http://www.climatescience.gov/
Library/sap/sap1-1/finalreport/default.htm.]

Devore, J., 1995: Probability and Statistics for Engineering 
and the Sciences, 4th Ed. Duxbury Press, 743 pp.

Eskridge, R., A. Alduchov, I. Chernykh, Z. Panmao, A. 
Polansky, and S. Doty, 1995: A Comprehensive Aerological 
Research Data Set (CARDS): Rough and systematic 
errors. Bull. Amer. Meteor. Soc., 76, 1759-1775.

Free, M., I. Durre, E. Aguilar, D. Seidel, T. C. Peterson, R. E. 
Eskridge, J. K. Luers, D. Parker, M. Gordon, J. Lanzante, 
S. Klein, J. Christy, S. Schroeder, B. Soden, L. M. McMillin, 
and E. Weatherhead, 2002: Creating climate reference 
datasets – CARDS workshop on adjusting radiosonde 
temperature data for climate monitoring. Bull. Amer. 
Meteor. Soc., 83, 891-899.

Fu, Q., and C. M. Johanson, 2005: Satellite-derived 
vertical dependence of tropical tropospheric 
temperature trends. Geophys. Res. Lett., 32, L10703, 
doi:10.1029/2004GL022266.

Gaffen, D. J., 1994: Temporal inhomogeneities in radiosonde 
temperature records. J. Geophys. Res., 99, 3667-3676.

______, D. J., M. A. Sargent, R. E. Habermann, and J. R. 
Lanzante, 2000: Sensitivity of tropospheric and 
stratospheric temperature trends to radiosonde data 
quality. J. Climate, 13, 1776-1796.

Gallant, A. R., and J. J. Goebel, 1976: Nonlinear regression 
with autocorrelated errors. J. Amer. Stat. Assoc., 71, 
961-967.



Tropospheric Temperature Trend Comparisons of Radiosonde and Reanalysis Data

Volume 32 Number 2 ~ December 2008  117

Hurrell, J. W., S. J. Brown, K. E. Trenberth, and J. R. Christy, 
2000: Comparison of tropospheric temperatures from 
radiosondes and satellites: 1979-1998. Bull. Amer. 
Meteor. Soc., 81, 2165-2177.

Intergovernmental Panel on Climate Change (IPCC), 2001: 
Climate Change 2001: The Scientific Basis. Cambridge 
University Press, 881 pp.

Kalnay, E., and co-authors, 1996: The NCEP/NCAR 40-year 
reanalysis project. Bull. Amer. Meteor. Soc., 77, 437-471.

Lanzante, J. R., S. A. Klein, and D. J. Seidel, 2003a: Temporal 
homogenization of monthly radiosonde temperature 
data. Part I: Methodology. J. Climate, 16, 224-241.

____________, ________, and___________, 2003b: Temporal 
homogenization of monthly radiosonde temperature 
data. Part II: Trends, sensitivities and MSU comparison. 
J. Climate, 16, 242-262.

Luers, J. K., and R. E. Eskridge, 1998: Use of radiosonde 
data in climate studies. J. Climate, 11, 1002-1019.

Mears, C. A., M. C. Schabel, and F. J. Wentz, 2003: A reanalysis 
of the MSU channel 2 tropospheric temperature record. 
J. Climate, 16, 3650-3664.

National Research Council (NRC), 2005: Radiative Forcing 
of Climate Change: Expanding the Concept and Addressing 
Uncertainties. Committee on Radiative Forcing Effects 
on Climate, Climate Research Committee, Board on 
Atmospheric Sciences and Climate (BASC), National 
Academy Press, Washington, DC, 222 pp.

Norris, W. B., 2002: Climatological Averaging of 
Temperature Soundings (CATS) Users Manual. Available 
from Earth System Science Center, Huntsville, Alabama, 
389 pp.

Oort, A. H., and H. Liu, 1993: Upper-air temperature trends 
over the globe, 1958-89. J. Climate, 6, 292-307.

Parker, D. E., M. Gordon, D. P. N. Cullum, D. M. H. Sexton, 
C. K. Folland, and N. Raymer, 1997: A new global 
gridded radiosonde temperature data base and recent 
temperature trends. Geophys. Res. Lett., 24, 1499-1502.

Pielke, Sr., R. A., 1998: Climate prediction as an initial value 
problem. Bull. Amer. Meteor. Soc., 79, 2743-2746.

________, and T. N. Chase, 2004: Technical comment: 
Contributions of anthropogenic and natural forcing to 
recent tropopause height changes. Science, 303, 1771b.

________, ________, T. G. F. Kittel, J. A. Knaff, and J. Eastman, 
2001: Analysis of 200 mbar zonal wind for the period 
1958-1997. J. Geophys. Res., 106, 27287-27290.

Santer, B. D., and co-authors, 2003a: Behavior of 
tropopause height and atmospheric temperature in 
models, reanalyses, and observations: Decadal changes. 
J. Geophys. Res., 108, 4002, doi:10.1029/2002JD002258.

_______________________, 2003b: Contributions of 
anthropogenic and natural forcing to recent tropopause 
height changes. Science, 301, 479-483.

Sherwood, S. C., J. R. Lanzante, and C. L. Meyer, 2005: 
Radiosonde daytime biases and late-20th century 
warming. Science, 309, 1556-1559.

Simmons, A. J., and J. K. Gibson, 2000: ERA-40 Project 
Report Series No. 1. The ERA-40 Project Plan. European 
Centre for Medium-Range Weather Forecasts, 62 pp. 

Spencer, R. W., and J. R. Christy, 1990: Precise monitoring 
of global temperature trends from satellites. Science, 
247, 1558-1562.

Sturaro, G., 2003: Patterns of variability in the satellite 
microwave sounding unit temperature record: 
Comparison with surface and reanalysis data. Intl. J. 
Clim., 23, 1799-1820.

Vinnikov, K. Y., and N. C. Grody, 2003: Global warming 
trend of mean tropospheric temperature observed by 
satellites. Science, 302, 269-272.




