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Relationships of upper tropospheric water vapor, clouds and SST:
MLS observations, ECMWF analyses and GCM simulations
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[1] The relationships of upper tropospheric water vapor
(UTWYV), cloud ice and sea surface temperature (SST) are
examined in the annual cycles of ECMWF analyses and
simulations from 15 atmosphere-ocean coupled models
which were contributed to the IPCC AR4. The results are
compared with the observed relationships based on UTWV
and cloud ice measurements from MLS on Aura. It is shown
that the ECMWF analyses produce positive correlations
between UTWYV, cloud ice and SST, similar to the MLS
data. The rate of the increase of cloud ice and UTWV with
SST is about 30% larger than that for MLS. For the IPCC
simulations, the relationships between UTWYV, cloud ice
and SST are qualitatively captured. However, the
magnitudes of the simulated cloud ice show a
considerable disagreement between models, by nearly a
factor of 10. The amplitudes of the approximate linear
relations between UTWYV, cloud ice and SST vary by a
factor up to 4. Citation: Su, H., D. E. Waliser, J. H. Jiang, J. Li,
W. G. Read, J. W. Waters, and A. M. Tompkins (2006),
Relationships of upper tropospheric water vapor, clouds and SST:
MLS observations, ECMWF analyses and GCM simulations,
Geophys. Res. Lett., 33, 122802, doi:10.1029/2006GL027582.

1. Introduction

[2] Variabilities of water vapor and clouds are central to
global hydrological and energy cycles [e.g., Pierrehumbert,
2002; Held and Soden, 2000]. The latent heat release
associated with phase transitions among gas, liquid and
solid forms of water is one of the main modes of energy
transport in the atmosphere. Besides their active roles in
moist dynamics, water vapor and clouds both have impor-
tant radiative effects. The greenhouse effect of water vapor
increases sharply when temperature increases, leading to a
positive feedback for climate change. Clouds can either
warm or cool the Earth’s surface depending on their height
and thickness. They are also intimately related to the
distribution of water vapor, especially in the upper tropo-
sphere (UT) [Lindzen, 1990; Betts, 1990; Sun and Lindzen,
1993; Soden and Fu, 1995; Udelhofen and Hartmann,
1995]. Recent satellite observations of UT water vapor
(UTWV) and cloud ice water content (IWC) from the
Microwave Limb Sounder (MLS) [Waters et al., 2006] on
Aura satellite show that UTWV and IWC are positively
correlated, and both quantities increase with increasing sea
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surface temperature (SST) when SST is greater than ~300 K.
[Su et al., 2006, hereinafter referred to as SU06]. Over the
convective regions, the rate of increase of UTWV with SST
is ~3 times larger than that for non-convective regions,
largely due to the vertical transport of water vapor by deep
convection and re-evaporation of condensates (SU06),
although the relative contribution of each process is difficult
to determine from the observations alone. This convective
enhancement of the greenhouse effect by UTWV explains
roughly 65% of the “Super Greenhouse Effect” [Raval and
Ramanathan, 1989]. SU06 termed the positive correlations
of water vapor, clouds and SST as “convective UT water
vapor feedback” (CWVF). Note that CWVF refers to the
local coupling of UTWV with deep convection and associ-
ated clouds, and their connection with the SST gradient:
warmer SST favors convection and stronger convection
leads to moister UT. However, caution must be exercised
when applying the results to long-term climate change. For
example, if tropical SSTs were to increase uniformly, with
no impact on SST gradients, cloud ice may not increase
substantially, or may even decrease [e.g., Tompkins and
Craig, 1999]. Nevertheless, quantification of the spatial
relationships between UTWYV, clouds and SST in the present
climate is important to understand how cloud and water
vapor feedbacks will operate in a future climate with
modified SST patterns and gradients.

[3] SUO06 provides the first quantitative analysis of rela-
tionships between UTWYV, IWC and SST using simulta-
neous direct measurements of UTWV and IWC. It thus
serves as a reference point for evaluation of the performance
of a state-of-the-art data assimilation model and general
circulation models (GCMs) in terms of CWVF. In this
paper, we examine to what extent current models capture
the relationships of UTWYV, cloud ice, and SST and compare
them quantitatively with MLS observations. We analyze the
European Center for Medium-Range Weather Forecasting
model (ECMWF) analyses for the same period as the MLS
observations, and the mean annual cycles over the period of
1970 to 1999 from a number of GCMs that were contributed
to the Intergovernmental Panel on Climate Change (IPCC)
4th Assessment Report (AR4).

2. ECMWF Analyses

[4] We use the ECMWF analyses from the Integrated
Forecasting System (IFS) data assimilation system (DAS)
for the period of August 2004 to July 2005, same as that for
the MLS data of SU06. The MLS data are not assimilated in
the ECMWF model system, ensuring the independence
of the two datasets. The ECMWF water vapor and IWC
profiles at 00Z, 06Z, 12Z and 18Z are interpolated onto
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