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ABSTRACT

The mean Northern Hemispheric circulation and United States temperature pattern of the winter
1978-79 are discussed and compared with those of the previous two winters. It is found that, although the
Arctic and North Atlantic mean circulation for the three winters had some similarities, the North Pacific
mean circulation was quite dissimilar in the winter 1978—79 compared with the previous two winters.
With regard to the United States temperature anomaly pattern, the winter 1978~79 had below-normal
temperatures coast to coast, which implies a westward expansion of the below-normal temperature regime
when considering the last three winters in chronological order. A westward displacement of the core of
the below-normal regime was also seen. '

Possible large-scale air-sea interaction in the North Pacific is also reviewed for each of the three winters.
It is proposed that major changes in the sea surface temperature pattern in the North Pacific, which oc-
curred between the winters of 1977-78 and 1978--79, were largely responsible for the observed changes
seen in the North Pacific circulation between these two winters. It is observed that the downstream cir-
culation over eastern North America and the North Atlantic in 1978-79 did not behave as expected
based on the use of teleconnection charts for the winter season. Possible reasons for this are discussed.
Finally, within the context of the foregoing, various winter temperature forecasts are discussed and
verified qualitatively. It was noted that most of these shared the error of forecasting above-normal tem-

peratures for the southeastern portion of the United States.

1. Introduction

The purpose of this paper is to discuss the surface
temperature and circulation patterns over the United
States for the winter season of 1978-79, noting
similarities and dissimilarities with the previous two
winters and emphasizing the possible influence of
large-scale air-sea interactions in the North Pacific
and North Atlantic regions. Furthermore, the pos-
sible reasons for the failure of many of the winter
season temperature forecasts, including that of the
author, to depict accurately the widespread regime
of below-normal temperatures will also be discussed.
It was the failure of the winter temperature forecast
that originally led the author into such a post mortem
investigation. The reader should bear in mind that
what follows is quite subjective in some cases, sO
that alternative interpretations are possible.

2. Review of circulation and temperature patterns
for the winter of 1978-79

Fig. 1 depicts the mean 700 mb height and de-
parture from normal fields for the winter season
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(December—February) of 1978-79. For the pur-
poses of this discussion, the most important aspects
of the height pattern are 1) negative height departures
in midlatitudes extending from North America across
the North Atlantic into the Eurasian sector; 2) posi-
tive height departures south of S0°N covering nearly
the entire North Pacific region; 3) positive height
departures in high latitudes over most of the Western
Hemisphere region, which is a manifestation of two
distinct blocking ridges in the Arctic; and 4) large
negative height departures over the high latitudes
of the Eastern Hemisphere, including a well-devel-
oped negatively tilted trough in the northwest
Pacific. The 115 m height departure at 70°N, 90°E was
three standard deviations below the 30-year mean.

Over the lower United States, seasonal height de-
partures were generally less than 30 m, which were
close to one standard deviation of normal. The
anomalous component of the seasonal mean flow at
700 mb, implied by inspection of the height anomaly
field, is weak and indefinite in direction except over
New England and the far Northwest, where anoma-
lous northerly flow is evident.

The combination of items 1) and 3) implies a
weakening of the westerlies north of 50°N in the
North American and North Atlantic sectors and a
strengthening of the westerlies south of 50°N,
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FIG. 1. Mean 700 mb height (solid) and departure from normal (dashed) fields for the winter of 1978-79.

especially over the North Atlantic. This abnormal
southward displacement of the westerlies in these
regions undoubtedly helps to explain the contem-
poraneous winter temperature anomaly pattern over
the United States, shown in Fig. 2 (bottom). With
the exception of small portions of the southwest
United States, Middle Atlantic region and New
England, plus most of the Florida peninsula, it was
found that the entire lower 48 states experienced
seasonal mean temperatures in the below-normal
category. (Three equally likely temperature cate-
gories were considered: below, near and above
normal.) The center of the coldest air, relative to
normal, lay in the region extending from the northern
Rockies to the central Plains, near where a negative
height departure center was located. On a seasonal
time scale, one explanation of the widespread and
abnormally large negative temperature departures
over the United States is that the abnormally strong

high-latitude blocking ridge extending from central
Alaska to the North Pole acted to promote recurrent
and intense anticyclogenesis in this region. Sea level
pressure anomaly maps (not shown) indicate this
clearly. The clear sky, and associated light near-
surface wind conditions provided the ideal setting,
along with the usual snow and ice cover, for the
recurrent formation of intensely cold Arctic air
masses. These air masses were then advected south-
ward to the lee of the mean ridge through western
Canada into the west and central portions of the
United States. Frequent strong cyclones, develop-
ing in the southern Plains and Guif States along
the periphery of the Arctic air masses moving south-
eastward, then moved through the Ohio Valley or
near the eastern seaboard, thereby providing the
final mechanism for advecting the air masses further
eastward. A tendency for progressive upper level
trough systems helped to ensure widespread cover-
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age of many of the coldest air masses. The wide-
spread snow cover that was laid down with these
cyclones undoubtedly helped to keep surface tem-
peratures lower than they would otherwise have
been. Obviously, the seasonal circulation and tem-
perature pattern is a statistical aggregate of the
three individual monthly patterns, which were dif-
ferent in many respects, so that any explanation of
the seasonal situation suffers from the use of exces-
sive averaging to some extent. It is evident that,
from December 1978 through February 1979, the
area of below-normal temperatures spread eastward
and enlarged, and the coldest air, relative to normal,
also was displaced eastward from December—
January to February. Naturally, differences in the
circulation accompanying these changes can be
found also, but the most persistent aspect of the
circulation was a tendency for blocking in the
Arctic, especially near Greenland and in the western
Arctic (120°W to 170°E). The precise strength and
positioning of the blocking center (or positive height
departure center) changed from month to month,
but its presence undoubtedly helped promote a cold
regime over large portions of the United States in
each winter month. Associated with the high-lati-
tude blocking was abnormally southward displaced
westerlies and cyclone tracks, which helps account
directly for the persistent North American snow-
cover and below normal temperature pattern. Further
discussion will mainly focus on the seasonal mean
aspects, since the monthly aspects are extensively
discussed elsewhere (Taubensee, 1979; Wagner,
1979; Dickson, 1979).

3. Comparison with the previous two winters

For the purpose of later discussion on the com-
patibility of observed height anomaly centers for the
winter of 1978-79 and on the large-scale air-sea
interactions that may have taken place, it is useful
to first compare the major circulation features and
surface temperature patterns among the last three
winters, starting with 1976-77.

In terms of temperature, all three winters have
been in the below-normal category, from the Great
Plains to the East Coast. Record and near-record
winter season temperatures have been recorded in
‘many locations in each of these winters.

Fig. 2 shows the mean winter temperature anomaly
pattern for each of the last three winter seasons.
The biggest difference between the three is the west-
ward displacement of the location of maximum nega-
tive departure and the westward enlargement of the
area of below-normal temperatures when consider-
ing the winters in chronological order.

As far as circulation is concerned, the mean 700
mb height departure fields for the winters of 197677
and 1977-78 are similar in many respects (Figs. 3
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FiG. 2. Temperature anomaly pattern (°F) for the winters of
1976-77 (a), 1977-78 (b) and 1978-79 (c).

and 4). In each of these two winters the Aleutian low
system is greatly expanded and quite deep relative to
normal. The negative height anomaly center associ-
ated with this is located in essentially the same
position; however, the height departure from normal
is more modest in 1977-78. In both these winters
the mean ridge over the western United States, ex-
tending northwestward to Alaska, is more amplified
than normal. Again, the height departures are gen-
erally larger in 1976-77 in these areas, which
resulted in the westerlies being deflected farther
north than compared to 1977-78. Downstream over
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F16. 3. As in Fig. 1 except for the winter of 1976-77.

- the eastern portions of the United States and ex-
tending across the Atlantic, negative height depar-
tures are likewise noted in both winters, which
resulted in anomalous northerly component flow
over much of the east and central portions of the
United States. Also, evidence of blocking is seen
in the Greenland-Iceland area in both winters, al-
though less so in 1977-78. Certainly, differences
in the mean height pattern can be found between
the winters of 197677 and 1977-78, some of which
can help explain the difference noted for the surface
temperature pattern, but generally both winters had
an abnormally amplified trough-ridge pattern with
similar phase positions. Abnormally low surface
temperatures are expected in the east and central
portions of the United States with these flow pat-
terns. It should be noted that a large difference in
the precipitation pattern is evident between the

winters of 1976-77 and 1977-78 (Wagner, 1978).
A more thorough discussion of the 1976-77 winter
can be found in Namias (1978).

Although the winter of 1978-79 had negative
temperature departures in the region extending from
the Mississippi Valley to the East Coast, similar to
that observed in the previous two winters, the
hemispheric circulation pattern is quite different in
1978-79 (Fig. 1). The most striking difference is
seen in the Pacific sector where, for the most part,
positive height departures have replaced the previ-
ous negative height departures. In 1978-79, the
Aleutian low system is weaker, more contracted,
and displaced significantly farther west compared
with the previous two winters. Downstream in the
middle latitudes the 700 mb circulation is obviously
less amplified in 1978~79, although as noted in the
previous section, the heights were below normal
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FiG. 4. As in Fig. 1 except for the winter of 1977-78.

from the western United States across the Atlantic
to Europe. This aspect of the circulation is similar
to the previous two winters, and is a manifestation
of three consecutive winters with southward dis-
placed westerlies and North Atlantic blocking. One
difference is that the western Atlantic-eastern
United States trough was deep enough and broad
enough to result in below normal heights in the

* western United States for 1978-79. Another simi-
larity of the circulation between the three winters
is the positive height departures and ridging in the
western Arctic region. This feature helps to account
for both the enhanced creation of Arctic air masses
and their southeastward advection in each of these
winters. Later sections will attempt to account for
some of the similarities and dissimilarities between
the mean circulation of 1978-79 and that of the
previous two winters.

4. Comparison of the observed relationship of
seasonal height anomaly centers to that expected
from synoptic climatology

A set of teleconnection charts for winter 700 mb
height departure was obtained from the Climate
Research Group, Scripps Institution of Oceanog-
raphy. Each chart gives the correlation coefficient
pattern for winter 700 mb height departure from
the long-term mean associatéed with the height de-
parture at a particular grid point location. Twenty-
six years of winter 700 mb height departure data
(1947-72) went into the computation of the correla-
tion coefficients. One map of the type described was
produced for each 5° latitude by 5° longitude grid
point location in the Northern Hemisphere for the
region north of 20°N. Some of these maps were
used in this investigation to determine the sign and
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magnitude of the correlation coefficient pattern in
various regions, given particular coordinate loca-
tions that correspond to the observed centers of
maximum 700 mb height departure in the winter
of 1978-79. A relatively large positive correlation
coefficient in a region indicates that, in the histori-
cal series of data, the region had the same sign of
winter 700 mb height departure as that for the grid
point selected, in more cases than not. On the other
hand, a relatively large negative correlation coeffi-
cient in a region indicates that the region had the
opposite sign of winter 700 mb height departure as
that for the grid point selected, in more cases than
not. Of course, the larger the magnitude of the cor-
relation coefficient, the more frequent was the type
of relationship given above in the historic period
used. These charts, then, express synoptic climato-
logical relationships of the winter 700 mb height
field. By comparing the sign of the observed height
departure for the winter of 1978-79 in a region to
that expected by examination of a teleconnection
map based on a grid point corresponding to an ob-
served center of maximum height departure in the
winter of 1978-79, the degree of deviation of the
observed spatial pattern of 700 mb height departure
from that expected from climatology can be esti-
mated. The relatively infrequent pairings of height
departure centers can then be identified. This kind
of information can help one to identify the possible
causes for an observed height departure in a region,
by reducing the probability that an observed height
anomaly in one region is merely a dynamic response
to the presence of a height anomaly in another
region. Of course, teleconnection maps can also be
used to bolster the concept that such a dynamic
response is likely, in those instances when large
correlation coefficients appear in such a way as to
suggest a complementary pairing of two remote
height departure centers.

For this study, the locations of relative maxima
of observed 700 mb height departure in the winter
of 1978-79 were noted, if the height departure ex-
ceeded 30 m. This way, only the more important
height anomaly center locations were considered.
The teleconnection map corresponding to each of
these locations was then examined, and the clima-
tological spatial relationship of height departure
implied on each of these maps was compared to the
observed spatial relationships for the winter of
1978-79. Several interesting results of this com-
parison were found:

1) If either the teleconnection map correspond-
ing to the positive 49 m departure at about 40°N,
150°E (Fig. 5) or the map corresponding to the posi-
tive 50 m departure at about 40°N, 160°W (Fig. 6)
is examined in relation to the other observed height
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anomaly center locations for the winter of 1978-79
(Fig. 1), then it is found that positive height depar-
tures in the Greenland-Iceland area or in the western
Arctic area are unlikely from a synoptic climatologi-
cal point of view. Also unlikely is the observed nega-
tive height anomaly in the eastern portion of the
United States. However, these maps do suggest that
the observed negative height departures in the west-
ern United States are not unexpected. Note that the
grid points selected correspond to the two observed
positive height anomaly centers in the North Pacific
for 1978-79.

2) The teleconnection map corresponding to the
observed negative 35 m height departure near 60°N,
170°E (Fig. 7) also fails to account for the observed
positive height departures in much of the Canadian
Arctic and North Atlantic regions. Again, an area
of negative height departures in the western United
States is suggested correctly. Overall then, the
expected spatial relationships of winter 700 mb
height departures, given the observed height anomaly
centers cited for the North Pacific region, were not
observed in the downstream regions over eastern
North America and the North Atlantic for the win-
ter of 1978--79.

3) The teleconnection map corresponding to the
positive 66 m height departure at 70°N, 40°W (Fig.
8) does suggest that positive height departures are
most likely over the greater part of the Arctic and
that negative height departures are most likely in
midlatitudes for a region extending from the United
States to Europe. Of course, both these situations
were actually observed for the winter of 1978-79.
On the other hand, this same map also suggests that
positive height departures over the North Pacific
region are not climatologically expected, given the
observed positive height departures in the northern
portion of the North Atlantic.

4) The teleconnection map corresponding to the
negative 112 m height departure near 65°N, 95°E
(Fig. 9) correctly suggests part of the observed nega-
tive height departures in the midlatitude North
Atlantic and the positive height departures over
most of the North Pacific. Very small correlation
coefficients are seen over the United States, which
indicates no strong climatological indication of a
particular type of height departure there.

In summation, it seems that the observed height
departures for the winter of 1978-79 in the North
Pacific region do not relate well, in a synoptic cli-
matological sense, to the observed height depar-
tures over much of the Arctic, eastern United States
and North Atlantic regions. However, the observed
height departures in the northern portion of the
North Atlantic do relate well to the observed height
departures over the greater portion of the Arctic,
eastern United States and the midlatitude North
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FIG. 5. Winter season teleconnection map for 40°N, 150°E. Isopleths correspond to the correlation
coefficient (x 100) pattern for the relationship between winter season 700 mb heights at various loca-
tions given the 700 mb height at the specified location (shown by an asterisk).

Atlantic. This means that the observed height field
in the Arctic and North Atlantic regions relates bet-
ter to the observed negative height departures over
the eastern United States than the observed height
field in the North Pacific does. Any statement which

includes the idea of ‘‘downstream response’’ in

order to explain the negative height departures over
the eastern United States cannot, therefore, be valid
in this case. If anything, the circulation in the
Atlantic was of more importance than that in the
Pacific in determining circulation in the eastern
United States. As noted earlier, negative height
departures in the western United States are not

unexpected, given the height departure field that
" was observed upstream in the North Pacific. In the
next section, the possible large-scale air-sea inter-

actions in the North Pacific will be discussed with
regard to explaining the change of the height depar-
ture field that was observed from the winters of
1976-77 and 1977-78 to the winter of 1978-79.

5. Possible influence of North Pacific sea surface
temperatures on the winter circulation

Previous work by several investigators has shown
that a significant relationship exists between the
North Pacific sea surface temperature (SST) anomaly
pattern and overlying atmospheric circulation in
certain portions of the year (Namias, 1976a; Davis,
1976, 1978; Harnack and Broccoli, 1979).

These statistical relationships have been deter-
mined to be significant when the two fields are con-
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F1G. 6. As in Fig. 5 except for 40°N, 160°W.

temporaneous and in some cases when SST leads the
circulation, especially in late fall and winter. These
kinds of relationships are plausible from a physical
standpoint, which has been extensively discussed
elsewhere and, as a result, some use has been made
of these relationships for seasonal forecasting. Some
of these will be mentioned in a later section.
Namias (1978) discussed the role that the fall and
winter Pacific SST distribution played in determin-
ing the anomalous tropospheric circulation during
the winter of 1976—77. Among other things, he
proposes that the large anomalous east-west SST
gradient centered at about 140°W was partly respon-
sible for having anomalous southerly component
atmospheric flow in this region, which created a
high amplitude pattern of ridges and troughs down-
stream over North America and the adjacent North

Atlantic. These ideas, which until recently had been
studied only on a case-study basis, were confirmed .
in an overall sense for winter in Harnack and Broc-
coli (1979). A good case can then be made that the
North Pacific SST anomaly distribution during the
winter of 1976-77 played a significant role in deter-
mining the circulation locally and downstream.
The downstream part of the argument follows by
citing ‘‘barotropic redistribution of vorticity’’ (i.e.,
conservation of absolute vorticity) so that the ob-
served downstream ridge and trough positions and
amplitudes can be explained physically. Further-
more, the previously cited teleconnection maps
can be used to confirm the likelihood that anoma-
lously low heights, associated with a deeper than
normal eastern North American trough, should
occur when the Aleutian low is greatly expanded
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FiG. 7. As in Fig. 5 except for 60°N, 170°E.

and displaced southward, which it was in the winter
of 1976-77.

Earlier it was remarked that the winter circula-
tion of 1977-78 was very much similar to that of
1976-77. It is asserted here that one of the primary
reasons for this is that the Pacific SST anomaly dis-
tribution in the winter of 1977—78 was similar to that
- of 1976-77 (pattern correlation equaled 0.70), and
that a similar kind of coupling between sea and
atmosphere took place, which resulted in similar
circulation and temperature regimes downstream
over the United States. North Pacific SST anomaly
maps for each winter are given in Fig. 10. The SST
data were obtained from the Scripps Institution of
Oceanography. Work done for the previously cited
paper by the author and a colleague revealed that,
for the latitude belt 55-40°N, the east—west SST

anomaly gradient between 145 and 135°W was
largest, compared to other 10° longitude sectors from
165°E to 125°W longitude, in both the winters of
197677 and 197778 (see Fig. 11). The pattern cor-
relation computed for the seven pairs of values cor-
responding to the seven east—west SST anomaly
gradients for the winters of 197677 and 1977-78
was 0.76. The maximum gradient was smaller in
1977-78, as was the anomalous component of the
geostrophic meridional flow in this region, and as
were the height departures locally and downstream.

In the winter of 1978—79 the North Pacific SST
anomaly distribution was quite different from the
previous two winters. East of 135°W the SST
changed from above normal to below normal, and
from 145 to 170°W and north of 35°N, the SST
changed from below normal to above normal. This
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