
Impact of Different Processes on Tropical Lower-Stratospheric Water Vapor as 
Simulated by Climate Models

1Texas A&M University; 2Institut Pierre-Simone Laplace; 3Meteorological Research Institute; 4National Institute of Water and Atmospheric Research; 5Environment Canada; 6Kochi University of 
Technology; 7Japan Agency for Marine-Earth Science and Technology

Motivation

Data and Methodology

Kevin M. Smalley1, Andrew E. Dessler1, Slimane Bekki2, Makoto Deushi3, Marion Marchland2, Olaf Morgenstern4, David A. Plummer5, Kiyotaka Shibata6, Yousuke Yamashita7, and Guang Zeng4

Linear Regression

Decadal Analysis

21st Century Analysis Coefficient Comparison

Summary

80-hPa Water Vapor

500-hPa Temperature

80-hPa Net-
Radiative Heating

50-hPa Zonal Wind

Acknowledgements: This work was supported by NASA grant NNX14AF15G to Texas A&M University. We acknowledge the British Atmospheric Data Centre (BADC) for collecting and archiving the CCMVal and CCMI model output. We would like to thank the WACCM group at NCAR and the CNRM-CM5-3 group for model development and making their simulations available to us. Additionally, we would like to thank those involved in
GEOSCCM model development, the NASA MAP program, and the high-performance computing resources provided by the NASA Center for Climate Simulation (NCCS). Olaf Morgenstern acknowledges funding by the New Zealand Royal Society Marsden Fund (grant no. 12-NIW-006). Olaf Morgenstern and Guang Zeng were also supported by the NZ Government’s Strategic Science Investment Func (SSIF) through the NIWA programme CACV.
New Zealand’s national facilities are provided by the NZ eScience Infrastructure and funded jointly by NeSI’s collaborator institutions and through the Ministry of Business, Innovation & Employment’s Research Infrastructure programme (https://www.nesi.org.nz). Hideharu Akiyoshi acknowledges the Environment Research and Technology Development Fund, Ministry of Environment, Japan (2-1303), and NEC-SX9/A(ECO) computers at
CGER,NIES. The LMDZ-REPRO contribution was supported by the European Project StratoClim (7th Framework Programme, grant agreement 603557) and the SOLSPEC grant from the Centre d’Etude Spatiale (CNES).

References:
Dessler, A. E., M. R. Schoeberl, T. Wang, S. M. Davis, and K. H. Rosenlof, 2013: Stratospheric Water

Vapor Feedback, P. Natl. Acad. Sci., 110, 18087-18091, doi: 10.1073/pnas.131034410.
Dessler, A. E. M. R. Schoeberl, T. Wang, S. M. Davis, K. H. Rosenlof, and Vernier, J. P., 2014: Variations

in stratospheric water vapor over the past three decades, J. Geophys. Res.-Atmos., 119, 12588 –
12598, doi: 10.1002/2014JD021712.

Fueglistaler, S., A. E. Dessler, T. J. Dunkerton, I. Folkins, Q. Fu, and P. W. Mote, 2009: Tropical
Tropopause Layer, Rev. Geophys., 47, https://doi.org/10.1029/2008RG000267.

Smalley, K. M., A. E. Dessler, S. Bekki, M. Deushi, M. Marchand, O. Morgenstern, D. A. Plummer, K.
Shibata, Y. Yamashita, and G. Zeng, 2017: Contribution of different processes to changes in tropical
lower-stratospheric water vapor in chemistry-climate models, Atmos. Chem. Phys., 17, 8031-8044,
doi:10.5194/acp-17-8031-2017.

Previous studies (e.g. Fueglistaler et al. 2009),
show Tropical-Tropopause Layer (TTL)
temperature to regulate water vapor ([H2O]entry)
entering the tropical stratosphere. Tropospheric
warming (△T), Brewer-Dobson Strength (BDC),
and the Quasi- Biennial Oscillation (QBO) directly
influence TTL temperature, indirectly influencing
[H2O]entry. We show that a multiple linear regression
can be used to test △T, BDC, and QBO influence
on [H2O]entry simulated by a set of chemistry-
climate models (CCMs).

Sample Regression of 
MRI [H2O]entry

1. We analyze 21st century (2000-2097) CCM
output from the CCMVal-2 and CCMI-1
Experiments

2. Similar to Dessler et al. (2013,2014), We
use a linear regression (shown below) to
reconstruct [H2O]entry from models during
the entire 21st century

3. To evaluate model reliability, we compare
regressions of 10-year segments to
observational-based regressions analyzed
in Dessler et al. (2014)

Observational-Based 
Regressions

Aura Microwave Limb Sounder
(MLS) 82-hPa water vapor
regressed against: 1) Modern-
Era Retrospective Analysis for
Research and Applications
reanalysis (MERRA) and 2)
European Centre for Medium-
Range Weather Forecasts
interim (ERAI) processes

§ In both the 21st century and decadal analyses, a
linear regression model can be used to
benchmark variability in [H2O]entry by the TTL, as
simulated by a set of CCMs

§ For all CCMs, [H2O]entry increases in response to
a warming troposphere

§ For most CCMs, [H2O]entry decreases in
response to a strengthening BDC

§ For all CCMs, the QBO has little impact on
[H2O]entry

§ In general CCM linear regression coefficients
compare well to the observational-based
regression coefficients, with the exception being
the QBO

§ In all models, [H2O]entry increases with increasing △T

§ For most CCMs, [H2O]entry decreases with a
strengthening BDC

§ Among CCMs simulating a QBO, there is not much of a
response in [H2O]entry to changes in the QBO

§ For most CCMs, adjusted R2 are larger than
0.8, suggesting a linear regression can
effectively reproduce [H2O]entry

§ Decadal adjusted R2 values generally overlap, or are
larger than, observational-based regression adjusted
R2 values

§ Generally, CCM △ T coefficients fall within
confidence of the observational-based estimates

§ Most CCM BDC coefficients fall within confidence
of the observational-based estimates

§ For all CCMs, QBO coefficients are smaller then
the observational-based estimates

§ We use a best-fit linear approximation to compare
magnitude of the century and decadal regression
coefficients and to approximate where ERAI (square) and
MERRA (diamond) century coefficients would fall

§ △T coefficients from the 21st century analysis are larger
than those from the decadal analysis

§ BDC coefficients from the 21st century analysis are larger
than those from the decadal analysis

§ QBO coefficients from the 21st century analysis are
smaller than those from the decadal analysis


