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[1] Recent findings indicate that ENSO may modulate the
strength of the Indian monsoons by altering the meridional
tropospheric temperature gradient between Asia and the
equatorial Indian Ocean. Here we show that during northern
hemisphere summertime El Niño events both colder upper
tropospheric temperatures and increased vorticity anomalies
are observed within the North African-Asian (NAA) jet.
The temperature response within the NAA jet is the
dominant ENSO-related change to the meridional
tropospheric temperature gradient between Asia and the
equatorial Indian Ocean. Forced solutions of the linearized
barotropic vorticity equation indicate that these anomalies
within the NAA jet are a response to northern hemisphere
summertime El Niño-related convective activity over the
equatorial Pacific Ocean. Additional experiments indicate
that westward propagating anomalies in both the tropics and
middle latitudes produce the anomaly response within the
NAA jet. These findings suggest that the teleconnection
linking ENSO and the monsoons is mediated by the
response of the NAA jet to westward propagating Rossby
waves. Citation: Shaman, J., and E. Tziperman (2007),

Summertime ENSO–North African–Asian Jet teleconnection

and implications for the Indian monsoons, Geophys. Res. Lett., 34,

L11702, doi:10.1029/2006GL029143.

1. Introduction

[2] The significant summertime covariability of the
Indian monsoons and ENSO has been documented in
numerous studies [Walker, 1924; Rasmusson and Carpenter,
1983; Ropelewski and Halpert, 1987; Webster and Yang,
1992; Mehta and Lau, 1997; Webster et al., 1998]. This
covariability generally manifests as a weaker Indian
monsoon during summertime El Niño events. Some
evidence exists suggesting that this relationship between
ENSO and the Indian monsoons fluctuates on decadal
timescales and may have deteriorated in the late
20th century [Kumar et al., 1999; Krishnamurthy and
Goswami, 2000; Ashrit et al., 2001]; however, more recent
findings indicate that these fluctuations may be merely a
stochastic process and not statistically significant [Gershunov
et al., 2001;VanOldenborgh and Burgers, 2005]. In addition,
Goswami and Xavier [2005] showed that ENSO-Indian
covariability depends in part on how the monsoon season is

defined and that the association between ENSO and Indian
monsoon rainfall, in fact, has remained significant.
[3] A number of competing theories attempt to explain

the observed covariability of the Indian monsoons and
ENSO (see Auxiliary Material1). Recently, a new theory
explaining this covariability was presented by Goswami and
Xavier [2005]; these authors showed that summertime
ENSO conditions are associated with tropospheric temper-
ature anomalies over Asia and the Indian Ocean. Specifi-
cally, during summertime El Niño events anomalously cold
temperatures occur over much of Asia and warm temper-
atures occur over the Indian Ocean. Such changes in the
meridional gradient of tropospheric temperatures can affect
monsoon circulation [Webster et al., 1998]. Previous
research has demonstrated that the onset of the South Asian
monsoons is associated with both the upper tropospheric
temperature gradient between the Himalayas and the Indian
Ocean [He et al., 1987, 2003; Li and Yanai, 1996] and the
summertime heating of the Tibetan Plateau [Luo and Yanai,
1984; Yanai et al., 1992; Yanai and Li, 1994]. Li and Yanai
[1996] also showed that the intensity of the Asian summer
monsoons, as measured by an index of vertical shear, was
associated with the upper tropospheric meridional temper-
ature gradient between Asia and the equatorial Indian
Ocean. Goswami and Xavier [2005] provide evidence that
changes in the meridional tropospheric temperature gradient
can also influence monsoon withdrawal and the overall
length of the monsoon season.
[4] Over the Indian subcontinent, the meridional gradient

of tropospheric temperature switches sign seasonally [He et
al., 2003]. In the summer, this meridional temperature
gradient (i.e. hotter temperatures over Asia and colder
temperatures over the Indian Ocean) through the thermal
wind balance produces zonal winds with easterly vertical
shear. This shear can be defined as the difference of the
zonal winds at 200mb and 850mb over the Indian monsoon
region and is often used as an index measure of the strength
of the monsoons [Webster and Yang, 1992; Li and Yanai,
1996; He et al., 2003; Goswami and Xavier, 2005].
[5] On an intraseasonal basis, the Indian monsoons have

been characterized as the northward migration of Tropical
Convergence Zone (TCZ) convection from the equatorial
Indian Ocean to the Indian subcontinent [Sikka and Gadgil,
1980; Gadgil, 2003]. The rate of TCZ northward migration
has been shown to be proportional to the magnitude of the
easterly vertical shear of the zonal winds [Jiang et al.,
2004]. Seasonal anomalies in the meridional gradient of
tropospheric temperatures can therefore modulate Indian
monsoon rainfall by altering the easterly vertical shear of

1Auxiliary materials are available in the HTML. doi:10.1029/
2006GL029143.
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