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ABSTRACT

A positive 700-hPa Pacific-North America (PNA) circulation index in December 1989 was replaced by a
negative PNA index in January and February 1990, This circulation pattern reversal was associated with an
anomaly reversal in air temperatures over the eastern half of the United States and anomaly reversals in the air
temperature, snowfall, and ice cover of the Great Lakes. Evidence of PNA teleconnections with these Great
Lakes climatic variables for a 20-winter base period is presented through correlations of anomalies in the
monthly 700-hPa PNA index and PNA coordinates with anomalies in Great Lakes average monthly air tem-

perature, snowfall, and ice cover.

1. Introduction

Winter 1990 was unusual because of large anomaly
reversals in monthly temperature, lake-effect snowfall,
and ice cover (Assel and Norton 1990) and a large
December 1989-January 1990 anomaly reversal in
monthly 700-hPa geopotential heights (Janowiak
1990). December 1989 had the lowest December tem-
perature, and January 1990 had the third-highest Jan-
uary temperature of the past 93 years in the Great Lakes
region. During December 700-hPa height anomalies
were negative over the North Pacific, southeastern
United States, and North Atlantic Ocean, and positive
over western Canada. During January 1990 these 700-
hPa anomaly patterns reversed. Lake-effect snowfall
along the lee shores of the Great Lakes (portions of
the southern and eastern shores ) was above average in
December 1989 and below average in January 1990
relative to a 20-winter average (1960-79). The mild
January temperature continued into February, bringing
an unusual midwinter decline in ice cover on Lakes
Erie, Michigan, and Ontario.

In this paper, winter anomalies in average monthly
Northern Hemisphere 700-hPa heights for the Pacific-
North America (PNA) index and PNA coordinates
(Wallace and Gutzler 1981) are correlated with coin-
cident regional Great Lakes anomalies in monthly air
temperature, snowfall, and ice cover for the 20-winter
period of 1960-79. Ancillary correlations are also made
between monthly values of snowfall and regional air
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temperature and between monthly ice cover and re-
gional air temperature. The correlation coefficients and
the significance probability of the correlations under
the null hypothesis that the statistic is zero are calcu-
lated using a computer algorithm called CORR (SAS
1990, 209-235). The discussion of possible telecon-
nections is arbitrarily limited to those correlation coef-
ficients that were significant at the 10% level or lower,
although all correlation coefficients calculated for this
study and their significance level are presented for the
convenience of the reader.

2. The PNA pattern, winter 1990, and possible
Great Lakes teleconnections

Average monthly 700-hPa heights for the 20-winter
base period were calculated using twice-daily 700-hPa
heights from the National Meteorological Center’s
{(NMC) Northern Hemispheric diamond grid 700-hPa
dataset. December 1989-February 1990 monthly 700-
hPa heights and the difference between winter 1990
and the average in the base-period 700-hPa heights (Fig.
1) portray the hemispheric patterns of upper-air cir-
culation and anomalies for winter 1990,

The circulation of December 1989 resembles the
PNA upper-air circulation pattern described by Wallace
and Gutzler (1981). Their PNA index, given in the
following, is a measure of 700-hPa anomalies at four
locations: central and north Pacific (Z1 and Z2), west-

ern Canada (Z3), and southeastern United States (Z4).
Thus,

PNA = /,{Z1* (20°N, 160°W)
= Z2* (45°N, 165°W) + Z3* (55°N, 115°W)
— Z4* (30°N, 85°W)],






