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ABSTRACT

This paper examines the annual rainfall over California during 11 ENSO events within the period 1950 to
1982. During six of these, unusually wet conditions prevailed throughout California; conditions were near
normal during five events; and in one extreme drought occurred statewide. A comparison with the ENSO
classification scheme of Fu et al., based on SST patterns in the Pacific, shows an excellent correspondence. Type
1 years, with large positive temperature anomalies east of the date line and lasting well into winter, are invariably
events that enhance California rainfall. Normal years coincide with Type-2 ENSO events (moderate warming
over a broad sector); the dry year is the sole Type 3 year, with weak anomalies confined to the eastern Pacific.

This study also shows that the response to ENSO is regionally specific. Although throughout the state most
years with extremely wet conditions are ENSO years, the tendency for an ENSO event to increase rainfall is
greatest in southern California, where 9 of 11 events produced above-normal rainfall and 8 of the 10 wettest
years was an ENSO year. The pattern is more complex in central California; there ENSO years are almost
invariably ones with highly abnormal rainfall, but they may either be wet or dry. The areas least influenced by
ENSO are the Sierra Nevada and northern California. The reasons for the geographical pattern of response
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become apparent when the seasonality and causes of rainfall in the various regions are evaluated.

1. Introduction

The El Niiio/Southern Oscillation (ENSO), once
believed to be primarily a low-latitude phenomenon,
has been shown by numerous recent studies to evoke
strong midlatitude response in atmospheric circulation
and weather patterns. Midlatitude teleconnections are
evident both from general circulation models (e.g.
Rowntree 1972; Julian and Chervin 1978; Keshava-
murty 1982, 1983; Fennessy et al. 1985; Lau and Oort
1985) and statistical studies of circulation patterns (e.g.,
Bjerknes 1966, 1969; Wallace and Gutzler 1981; Horel
and Wallace 1981; Arkin 1982; van Loon 1984; Meehl
1988). Theoretical studies have also provided dynam-
ical explanations for the teleconnections, based on
Rossby wave propagation (Opsteegh and van den Dool
1980; Hoskins and Karoly 1981; Webster 1981).

Diagnostic studies have shown three primary features
of midlatitude response, all of which have been repli-
cated in a number of GCM studies. One is a fixed and
enhanced stationary wave pattern in the midtropo-
sphere extending from low to subpolar latitudes over
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the central and North Pacific and then equatorward to
midlatitudes over the eastern United States. The pat-
tern strongly resembles a teleconnection pattern iden-
tified by Wallace and Gutzler (1981) and referred to
as the Pacific-North American, or PNA, pattern. A
subsequently derived PNA index (Horel and Wallace
1981) is well correlated with tropical Pacific sea surface
temperatures (SSTs) and is a preferred and important
mode of interannual variability in the North Pacific,
independent of its relationship to ENSO (Namias
1984).

Theoretical studies have suggested that the pattern
can be interpreted in terms of Rossby-wave dispersion
on a sphere from a localized vorticity source, i.e., heat-
ing anomaly, on the equator (Rasmusson and Wallace
1983). The wave propagation is initiated by latent heat
release and divergent outflow from a region of tropical
convection, which is intensified and displaced eastward
during ENSO events. The stationary wave perturba-
tions are identified with the fastest growing mode as-
sociated with barotropic instability of the climatological
upper-level mean wintertime flow (Simmons et al.
1983) and can be excited by anomalous equatorial
rainfall patterns, which influence upper-level diver-
gence patterns. This normal mode behavior takes the
form of a geographically fixed pattern, which can vary
in amplitude and possibly polarity. '

The two other common midlatitude responses to
ENSO include a deepening of the Aleutian Low and a






