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ABSTRACT

The applicability of a weak temperature gradient (WTG) formulation for the reorganization of tropical
climate during El Niño–Southern Oscillation (ENSO) events is investigated. This idealized dynamical
framework solves for the divergent portion of the tropical circulation by assuming a spatially homogeneous
perturbation temperature profile and a mass balance constraint applied over the tropical belt. An inter-
mediate-level complexity model [the Quasi-Equilibrium Tropical Circulation Model (QTCM)] configured
with the WTG assumptions is used to simulate El Niño conditions and is found to yield an appropriate level
of tropospheric warming, a plausible pattern of precipitation anomalies in the tropical Pacific source region
of El Niño, and a gross precipitation deficit over the Tropics outside the Pacific (hereafter the “remote
Tropics”). Additional tests of the WTG framework with La Niña forcing conditions and enhanced green-
house gas concentrations support its applicability. However, the ENSO response under the WTG frame-
work fails in some respects when compared to the standard QTCM: in particular, some regional features of
the anomalous precipitation response, especially in the remote Tropics, differ markedly between the two
model versions. These discrepancies appear to originate in part from the lack of anomalous tropospheric
temperature gradients (and circulations) in the framework presented here. Nevertheless, the WTG ap-
proach appears to be a useful lowest-order model for the tropical climate adjustment to ENSO. The WTG
framework is also used to argue that El Niño may not represent a good proxy for tropical rainfall changes
under greenhouse gas warming scenarios because the large-scale subsidence occurring with the tropospheric
warming in the El Niño scenario has an effect on rainfall that is distinct from the effect of increased
tropospheric temperatures common to both the greenhouse gas warming and El Niño scenarios.

1. Introduction

El Niño–Southern Oscillation (ENSO) events are
characterized by prominent changes to the tropical cli-
mate system. Under ENSO warm phase (or El Niño)
conditions, widespread warming of both the tropo-
sphere and surface is evident across the Pacific as well
as throughout the rest of the tropical latitudes (hereaf-
ter the “remote Tropics”) and is accompanied by a spa-
tially complex distribution of precipitation anomalies.
In the Pacific positive precipitation anomalies occur in

the vicinity of the equator from the date line eastward
to the coastline of South America and are attributed to
the presence of positive sea surface temperature
anomalies (SSTAs) in the central and eastern Pacific
(Quinn et al. 1978; Ropelewski and Halpert 1987).
Throughout the remote Tropics, on the other hand,
widespread negative precipitation anomalies are char-
acteristic during El Niño. Both observational and mod-
eling studies have noted the occurrence of regional pre-
cipitation deficits during El Niño in the Amazon basin
(Zeng and Neelin 1999), northeastern Brazil (Has-
tenrath and Heller 1977), the tropical Atlantic (Gian-
nini et al. 2001), the Sahel region of West Africa (Ja-
nicot et al. 2001), and the South Asian monsoon region
(Webster and Yang 1992; Torrence and Webster 1999).

Although the features of the ENSO tropical telecon-
nection have been widely documented, the mechanisms
underlying the remote ENSO teleconnection, espe-
cially the precipitation response, are not completely un-
derstood. The leading paradigm for El Niño–forced
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