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[1] Shallow cumulus convection evaporates stratocumulus
clouds in the atmospheric boundary layer. The effect of
shallow convection on the large-scale climate of the eastern
tropical Pacific is investigated with a coupled ocean-
atmosphere model by disabling the shallow convection
parameterization (noSC). Without shallow convection, the
stratiform cloud fraction increases and surface solar
radiation decreases. The sea surface temperature (SST)
cools on average by 2�C. The cooling in noSC is larger
under the low cloud deck south of the equator than north of
the equator, resulting in an increase in the climatic
meridional asymmetry. In the control run an ITCZ forms
south of the equator in March-April. In noSC the SST is at
most 24�C south of the equator and an ITCZ does not
form. The perennial northern-hemisphere ITCZ in noSC is
accompanied by year-round southerlies of at least �3 m s�1

on the equator, considerably reducing the seasonal cycle of
equatorial SST. Citation: de Szoeke, S. P., Y. Wang, S.-P. Xie,

and T. Miyama (2006), Effect of shallow cumulus convection on

the eastern Pacific climate in a coupled model, Geophys. Res.

Lett., 33, L17713, doi:10.1029/2006GL026715.

1. Introduction

[2] Simulation of the eastern Pacific climate and its
variability, including El Nino/Southern Oscillation (ENSO),
is improving in coupled global climate models (CGCMs)
[Wang et al., 2005; Wittenberg et al., 2006; Large and
Danabasoglu, 2006], but CGCMs suffer biases, including a
cold bias at the equator, a warm bias off the coast of South
America, a double-ITCZ straddling the equator, and biases
in the seasonal cycle. These model biases can be exacer-
bated or compensated by the positive feedback between low
clouds and cold sea surface temperature (SST) [e.g.,
Mechoso et al., 1995]. The parameterization of shallow
cumulus convection is a source of uncertainty in climate
models, which has a significant effect on the simulated low
cloud.
[3] Shallow cumulus convection plays an important role

in determining the fraction of low clouds in the tropics and
subtropics. Shallow cumulus clouds have little horizontal
extent but occur frequently in regions of large surface heat
fluxes, particularly in the trade-wind regions over the
tropical and subtropical oceans. In these regions, extensive
stratus and stratocumulus cloud decks cool the ocean by

reflecting sunlight back to space [Hartmann et al., 1992].
Shallow cumulus updrafts penetrate the inversion that caps
the planetary boundary layer (PBL). The updrafts entrain
warm dry air into the PBL and weaken the inversion. By
deepening the PBL and evaporating stratus and stratocumulus
clouds, shallow cumulus clouds bring about a transition
from stratocumulus to trade cumulus cloud regimes [Albrecht
et al., 1995], causing cloudiness to decrease.
[4] While eddy-resolving models [Wyant et al., 1997] and

large eddy simulations [de Szoeke and Bretherton, 2004]
have simulated the interplay of stratocumulus and shallow
cumulus clouds by resolving cloud-scale circulations,
shallow cumulus convection has to be parameterized in
large-scale models. In this regard, mass-flux schemes [e.g.,
Tiedke, 1989] are popular for parameterizing shallow
cumulus convection in numerical weather prediction and
climate models. The effect of disabling the shallow
convection parameterizations in these atmospheric models
is to unrealistically increase the stratiform cloud amount, to
reduce the surface evaporation, and to reduce the free-
tropospheric humidity [McCaa and Bretherton, 2004; Wang
et al., 2004b; von Salzen et al., 2005].
[5] Previous atmospheric modeling studies with

prescribed SST ignored the positive feedback between low
clouds and SST. This study investigates this feedback by
performing experiments with a coupled ocean-atmosphere
model of the eastern Pacific. We show that shallow cumulus
convection affects not only low clouds, but also the large-
scale structures and the seasonal cycle of the eastern Pacific
climate.
[6] The next section briefly introduces the model, the

shallow cumulus convection scheme, and the experimental
design. Section 3 discusses the effect of shallow cumulus
convection on the seasonal mean simulation of the clouds
and on the lower-tropospheric vertical structure. The effect
of the shallow convection on the meridional asymmetry and
the seasonal cycle of the eastern tropical Pacific climate is
discussed in section 4. A summary is presented in section 5.

2. Model Description

[7] The model used in this study is the International
Pacific Research Center (IPRC) Regional Ocean Atmo-
sphere Model (IROAM) (S.-P. Xie et al., A regional
ocean-atmosphere model for eastern Pacific climate:
Towards reducing tropical biases, submitted to Journal of
Climate, 2006, hereinafter referred to as Xie et al., submit-
ted manuscript, 2006): IROAM is configured as a tropical
Pacific Ocean general circulation model (MOM2)
[Pacanowski, 1995] coupled to a regional atmospheric
model of the eastern Pacific. The atmospheric model is
the IPRC Regional Atmospheric Model, which has been
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