634

JOURNAL OF CLIMATE

VOLUME 3

On the Relationship between Water Vapor over the Oceans and Sea Surface Temperature

GRAEME L. STEPHENS
Department of Atmospheric Science, Colorado State University, Fort Collins, Colorado

{Manuscript received 17 July 1989, in final form 30 January 1990)

ABSTRACT

Monthly mean precipitable water data obtained from passive microwave radiometry (SMMR ) are correlated
with NMC-blended sea surface temperature data. It is shown that the monthly mean water vapor content of
the atmosphere above the oceans can generally be prescribed from the sea surface temperature with a standard
deviation of 0.36 g cm ~2, The form of the relationship between precipitable water and sea surface temperature
in the range T, > 15°C also resembles that predicted from simple arguments based on the Clausius-Clapeyron
relationship. The annual cycle of the mass of SMMR water vapor integrated over the global oceans is shown
to differ from analyses of fully global water vapor data in both phase and amplitude, and these differences point
to a significant influence of the continents on water vapor. Regional scale analyses of water vapor demonstrate
that monthly averaged water vapor data, when contrasted with the bulk sea surface temperature relationship
developed in this study, reflect various known characteristics of the time mean large-scale circulation over the
oceans. A water vapor parameter is introduced to highlight the effects of large-scale motion on atmospheric
water vapor. Based on the magnitude of this parameter, it is shown that the effects of large-scale flow on

precipitable water vapor are regionally dependent, but for the most part, the influence of circulation is generally

less than about +20% of the seasonal mean.

1. Introduction

The role of water in the energy budget of the climate
system is a topic of growing interest within the climate
research community and has been proposed as the basic
theme of GEWEX (the Global Energy and Water Cycle
Experiment (GEWEX) is a component of the World
Climate Research Program ). At present, however, large
uncertainties exist in the estimation -of the various
components of the global water budget and, conse-
quently, in certain important components of the global
atmospheric and oceanic energy budgets. We now rec-
ognize that the connections between global hydrology
and the Earth’s energy budget are crucial to the problem
of climate change. For instance, the predicted global
warming due to a CO, doubling with water vapor feed-
back is approximately twice the warming predicted
without feedback (the so-called fixed relative humidity
assumption of Manabe and Wetherald 1967). The dis-
tribution of water vapor, its transport, and divergence
are also essential ingredients to our understanding of
the distribution of solid and liquid water in the at-
mosphere and therefore crucial to the significant and
perplexing problem of cloud feedback to climate
change (e.g., Paltridge 1980; Somerville and Remer
1984; Roeckner et al. 1987; Stephens et al. 1990, among
others).
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Water vapor is also important to other physical pro-
cesses that occur in the atmosphere. Water vapor plays
a decisive role in the transfer of radiation through the
atmosphere and is important to the transport and re-
lease of latent heat. The distribution of latent heat re-
lease is a topic that has received considerable attention
over the past decade especially with the burgeoning
interest in the variability of the atmosphere on both
inter- and intra-seasonal time scales. More specifically,
several studies appear in the recent literature on the
topic of intraseasonal variability and most focus on the
explicit coupling between hydrology and atmospheric
dynamics. The results of Gill’s (1982) study on moist
dynamics, for example, provide insight into the role of
moist processes in the physics of low frequency vari-
ability. Webster (1983) also noted the importance
played by hydrological processes in a modeling study
of monsoonal low frequency oscillations. Lau and Peng
(1988) developed a self-consistent theory to explain
intraseasonal oscillations of the tropical atmosphere in
which the effects of latent heating are parameterized
directly as a function of the convergence of water vapor.
In both that study and that of Gill (1982), explicit
relationships between precipitable water vapor and sea
surface temperature had to be assumed. Other studies
(e.g., Emanuel 1987; Neelin et al. 1987) have also al-
Iuded to the importance of evaporation from the warm
ocean as a mechanism for sustaining low frequency
oscillations of the tropical atmosphere.

These problems underscore the growing need to un-
derstand, at the very least, the bulk characteristics of






