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ABSTRACT

Baffin Island and nearby regions of the eastern Canadian Arc-
tic have been the focus of many recent and ongoing paleoclimatic
and glaciological studies. The region is very suitable for these
studies beéause_of the sensitivity of regional ice and snow condi-
tions to small changeé in summer temperature (which average a few
degrees above freezing). Baffin Island's location beneath one of
the major features ofbthe general atmospheric circulation, a trough
in the upper westerlies, raises the possibility that regional
climate variations may be closely linked to changes in the global-
scale climate and circulation. The existence of such a link would
greatly enhance the importance of Baffin Island paleoclimatic and
glaciological studies.

In this study, thirty summers (1946-76) of surface temperature
and pressure, and upper air data for the Baffin region, the Arctic,
and the extratropical Northern Hemisphere, are analyzed to establish
the nature and significance of the regional-global summer climate
and circulation links.

The variability of Baffin area summer temperatures is shown to
be statistically significant on time scales greater than two years
and to be closely correlated with the variability of the arctic
zonal average summer temperature. The most significant climato-
logical event at Baffin Island during the thirty summers of record
is the cooling of the early 1960's; this event is given special

emphasis in this study.
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From an analysis of daily surface synoptic pressure patterns,
subjective surface cyclone tracks, and 500mb positive vorticity
flux, it is found that colder summers at Baffin Island are ésso-
ciated with an increase of cyclone activity over Baffin Bay and an
intensification of the arctic front storm track across northern
Canada. Colder summers are also associated with eastward displace-
ments of the upper (500mb and 700mb) Baffin trough, which in turn
are associated with stronger upper westerly winds atithe latitude
of the trough and over most of the Northern Hemisphere.  Stronger
westerly winds are shown to be related to greater meridional
temperature gradients associated with general hemispheric coolings.

Because of the regional-global scale correlations found in
this study, Baffin Island appears to be a significant indicator of
larger-scale summer climate conditions and of the nature of the
general circulation over time scales from 2 to 10 years. These
cgrrelations do not weaken within these timé scales, and may very
well extend to the time scales of interest to paleoclimatologists

and glaciologists.



PREFACE

As part of a larger program concerned with climatic change
and sea lce conditions in the eastern Canadian Arctic, supported
during 1972-77 by the National Science Foundation, Division of Polar
Programs (GV-28218), Richard Keen undertook to examine the mechanisms
linking the atmospheric circulation and summer temperatures in the
area. Hig analysis, using various synoptic climatological approaches,
demonstrates both regional and global-scale interactions over time
scales of one to ten years, involving the eastern North American‘.
tropospheric trough, the strength of the hemispheric westerly winds,
and the meridional atmospheric temperature gradient. In view of
the sensitivity of the land and sea ice in the eastern Canadian
Arctic to small climatic fluctuations, the results of this study
should be of wide interest to environmental scientists working on

problems of climatic change and the polar regions.

R.G. Barry
Project Director
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CHAPTER ONE

INTRODUCTION

Statement of the Problem

The monthly, seasonal, and annual mean climatic conditions of
the Arctic (north of 60°N) are subject to relatively large inter-
annual variations. Northern Hemisphere mapé of the standard
deviation of July and December mean surface temperatures (Lamb,
1972, p. 280) show the greatest variability, 2°C in July and 5°C in
December, over the high latitude regions of North America and Asia;
a similar distribution is given for the occurrence of extreme (10°C
or greater) monthly temperature anomalies (from Gedeonov, in Barry
and Perry, 1973, pp. 200-201). The standard deviation of monthly
mean sea level pressure (maps in Lamb, 1972, pp. 274-275) is
likewise greatest in high latitudes. This effect is partly a result
of the influence of the greater persistence of daily. pressures at
high latitudes on the random variance of monthly means (Madden,
1976); the remaining variance, however, presumably due to climate
fluctuations, is statistically significant over much of the Arctic,
especially in the North American sector.

On longer time scales, sizeable trends are apparent in the
climate of the Arctic. Van Loon and Williams (1976) show that the
70°N zonal mean summer surface temperatures have a downward trend of
about half a degree over 30 years. Locally, the trend exceeded
2°C over the 30 years. From 1958 to 1963, the mean temperature of
the 300 to'700mb layer in the north polar region fell by 0.66°C,

and has since remained fairly constant (Angell and Korshover, 1975,
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1978); the 1958-63 cooling extended to the surface and into the
st;atosphere (Starr and Oort, 1973). On a regional scale, the
cooling over the Canadian Arctic Archipelago from 1955-63 to
1964-72, resulting in a lowering of the July freezing level hy 250
to 300 meters, has been shown to be statistically significant at
the 0.1% level (Bradley, 1973a).

Many more examples of interannual variability and short-term
trends exist in the Arctic, but those cited above suffice to
illustrate that these fluctuations do exist, that they tend to be
larger in the Arctic than elsewhere, and that they are not mere
statistical fluctuations. The latter point is especially important,
because it implies that there is some degree of determinism behind
these climate variations, and that the physical causes should be
identifiable over the same time scales (year-to~-year, short-term
trends) as the climate fluctuations.

Baffin Island, the largest island in the Canadian Arctic
Archipelago, straddles the Arctic Circle just west of Greenland.
Although the interannual variability of temperatures around Baffin
Island is no greater than elsewhere in the Arctic, the average
summer temperatures are close to freezing, especially over the
higher elevations; consequently, ice and snow conditions are very
sensitive to sﬁall climate changes (Andrews et al., 1972).

Dunbar (1972) notes that Baffin Bay sea ice conditions
deteriorated markedly with the cooling of the 1960's. On land,
permanent snowbanks grew in size during the 1960's, reversing the
trend of the preceding decade (Bradley and Miller, 1972). On a

longer time scale, permanent snow cover over much of north central



Baffin Island has decreased from 50 to 37 percent since the Little
Ice Age (Locke and Locke, 1977); the decrease was from 70 to

2 perceent over some upland arcas close to the present snowline
(Lves, 1962). The lower snowlines during the Neoglacial appear to
be associated with summer temperatures approximately 1.5°C lower
than present values (Williams, 1978a). Even at present, large
areas of the Island are very close to glaciation. Glaciation level
data published by Andrews and Miller (1972) and Bradley and Miller
(1972) indicate that a summer cooling of 0.7°¢ to 3.0% would, if
persistent, subject much of Baffin Island to renewed glaciation.
The reflection of solar radiation from the expanded snow cover
could help maintain (and perhaps expand) the colder, snowier
condistions, with potential consequences for larger-scale glaciation
(Williams, 1978b). Thus, as Andrews et al, (1972) noted, "Baffin
Island is highly suitable for long-term climatic monitoring and
continued extensive study as a guide to the past,.present, and
future environmental changes."

The paleoclimatic significance of Baffin Island is enhanced
by its location at one of the major circulation features of the
Northern Hemisphere, a trough in the upper westerlies., Palyno-
logical studies by Nichols et al. (1978) and Andrews et al. (1979)
suggest that wind shifts associated with changes in the position of
the trough affect the import of exotic pollen into Baffin Island.

A link between the trough position and summer climate conditions
(and therefore snow conditions) on Baffin Island is noted by
Brinkmann and Barry (1972) and Bradley (1973b, 1974). Bradley

(1973a) proposes that a hemisphere-wide change in atmospheric



circulation patterns around 1961-62 (Namias, 1969; Dzerdzeevski and
Sergin, 1972) is responsible for the concurrent cooling around

Baffin Island. Dzerdzeevski (1963) suggests that "all changes in

temperature and precipitation —- if they are taken (observed) for
long enough periods -- are connected with changes in frequency and
duration of large-scale circulation patterns." Therefore, both

snow cover and pollen studies may aid in reconstruction of the past
history of the general circulation, as well as of the local climate.
Before any deductions about the general circulation can be
made from Baffin Island paleoclimatic studies, the connection
between the large-scale circulation and the climate of Baffin Island
dufing the period of instrumented record must be established.
Summer is the season of exotic pollen transport, and summer
temberatures are one of the two prime determinants (along with
winter snowfall) of the snow mass balance (Andrews and Barry, 1972).
As is demonstrated in this study, summer temperature is also the
climatic parameter most closely associated with sea ice conditions
in Baffin Bay. Summer precipitation is of less paleoclimatic
importance, and is also more difficult to analyze. Most Arctic
summer precipitation falls during a few events (Fogarasi, 1972) and
is highly spatially variable for individual events (Barry and
Jackson, 1969); as a result, long term trends are not necessarily
spatially consistent (Bradley, 1973b). Precipitation trends are
also obscured by changes in snowfall measurement procedures and by
the varied catch efficiencies of the different snow guages employed
during the period of record (Goodison, 1978). Therefore,

precipitation is not examined in this study, and the connection



sbught will be that between Baffin summer temperatures and the
general circulation, this link being the one of greatest interest
to climate studies in the eastern Canadian Arctic.

In concluding a report of the [nstituté of Arctic and Alpinc
Research (INSTAAR) on climate studies in eastern Baffin Island,
Barry and Jacobs (1974) state: '"Global scale processes are
ultimately responsible for the major year to year differences in
regional conditions. There is therefore a clear need to examine"
the nature of the regional/global interactions." Establishment of
the nature of the regional/global interactions is essential not only
to reconstructing the general circulation from Baffin Island
paleoclimatic indicators, but also to the reverse question of
understanding, modeling, and perhaps even forecasting the response
of these indicators (particularly, snow cover and glaciation) to

changes in the nature of the global atmospheric circulation.

Organization of the Study

Establishment of a link between the summer climate of Baffin
Island and the general circulation must be done in steps if the
physical nature of the link is to be understood. The organization
of this study reflects these steps, starting with an assessment of
the observed Baffin Island summer temperature fluctuations. The
observed fluctuations are then compared with changes in synoptic
scale circulation patterns, which are then linked to the variability
of regional‘and hemispheric scale circulation regimes.
The time scales of the climate variations analyzed in this B

study range from interannual to inter-decadal. Because the longer 0



time scales are of greatest interest to paleéclimatologists, and
because the most significant feature of the summer climate in the
Baffin area over the past thirty years is the cooling of the 1960's,
special emphasis is given to circulation changes associated with
this cooling. Bradley (1973b) shows that the 1960's cooling is not
a unique phenomenon, but rather is typical of the decadal scale
fluctuations that have occurred on Baffin Island during this
century.

Because several different data sources and analytical
techniques are used in this study, their discussion is presented in
the relevant chapters.

In Chapter Two the observed spatial and temporal variability
of summer average temperatures in the Arctic, and in particular
around Baffin Island, are presented and discussed. The statistical
significances of fhe fluctuations are noted. Baffin area
temperature variations are then compared with those elsewhere in
the Arctic and with a derived Arctic average.

Chapter Three examines the climate fluctuations of the Baffin
area in terms of symoptic scale surface pressure patterns.
Interannual shifts in regional cyclone/anticyclone activity, and
their connection with summer temperature variations, are discussed.

In Chapter Four the observed changes in summer temperatures
and cyclone/anticyclone activity are related to changes in the
position and strehgth of the Baffin trough. The geographic and
dynamic origins of the shifts in cyclone activity are investigated
using surface cyclone and 500mb positive vorticity flux data for

the North American ~ Western North Atlantic sector. The vorticity



flux analysis is then expanded with reference to zonal and
hemispheric changes in storm activity.

Chapter Five correlates fluctuations of the regional scale
circulation to those of the Northern Hemispheric general
circulation. Using data for the 500mb level, the longitude of the
Baffin trough is related to the strength of the sub-polar
westerlies, which in turn are related to the strength and
latitudinal distribution of the Northern Hemisphere zonal
westerlies (i.e., the intensity and structure of the north
circumpolar vortex), and thence to the hemispheric average
temperature. Possible causes of the largest scale circulation
anomalies are discussed.

Chapter Six summarizes the results and states the nature of
the essential physical links between the interannual variabilities
of Baffin area summer temperatures and of the general circulation

of the Northern Hemisphere.



CHAPTER TWO

OBSERVED INTERANNUAL VARIABILITY OF SUMMER TEMPERATURES

As indicated in the introductory chapter, the summer climates
of Baffin Island and of the entire Arctic have undergone sizeable
interannual fluctuations and longer-term trends over the period of
instrumented record. 1In this chapter the magnitudes and spatial
scales of Baffin area summer temperature variations are discussed,
to provide a basis for comparison with circulation anomalies in
later chapters. It is determined which of the.Baffin temperature
fluctuations during the period of record (1943-76) are
climatologically significant and warrant further study. A brief
discussion of Baffin Bay sea ice conditions is presented as
environmental evidence of the climate fluctuations. Finally,
Baffin area temperatures are compared with those elsewhere in the
Arctic and with a derived arctic average temperature, to determine
the extent to which Baffin temperature fluctuations are regional
and how far they are representative of conditions across the rest of

the Arctic.

Data and Analysis

The temperatures discussed in this chapter are summer mean
surface air temperatures, summer being June, July, and August for
averaging purposes. The station data are derived from a variety of

sources, including NCAR data files, Monthly Climate Data for the

World, and the Monthly Record of Meteorological Observations in

Canadq.



Many of the data presented in this and later chapters are
smoothed by a 1-2-1 running mean. This particular sméothing
function is selected because it is an economical approximation to
a Gaussian-shaped function. Gaussian smoothing functions have a
sharp frequency cut-off, but without the negative amplitudes at
some higher frequencies, which is characteristic of many smoothing
functions, including straight running means (Holloway, 1958). The

frequency response of the 1-2-1 function is listed in Table 2.1.

TABLE 2.1. Effects of 1-2-1 Smoothing Function on

Periodic Components of a Time Series

Frequency (year-l) Period (years) Response
0.0 ® 1.00
0.1 10.0 .91
0.2 5.0 : .66
0.3 3.3 , .35
0.4 2.5 . .10
0.5 2.0 .00

Since summers are sampled at yearly intervals, frequencies greater
than 0.5 are indistinguishable from those the same amount less than
0.5. The effective length of the smoothing is 2 years.

A consideration in estimating the significance of interannual
variations is the '"natural variability" of tﬁe seasonal average
(Madden, 1976). The natural variability differs from the standard

error of the mean in that the number of effectively independené
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samples during the season differs from the total number of days
(92), due to persistence effects. At Broughton Island, on the
shores of Baffin Bay, tLe standard deviation of daily temperatures
within a summer seasoﬁ (seasonal trend removed) is 3.1°C. The
standard error for a 92-day season would be 0.3°C. However, the
lag autocorrelations of the daily temperatures, calculated for 12

summers and then averaged, shows a great deal of persistence

(Table 2.2).

TABLE 2.2. Lag Autocorrelations of Broughton Island

Sumnmer Temperatures

Lag (days) Autocorrelation
0 1.00
1 . .69
2 .40
3 .28
4 .22
5 .16
10 .14
15 .09
20 ' .12

The e-folding decay time of the autocorrelation, derived from a
best fit to lags O to 5, is 2.5 days. For the 12 individual
summers, this e-folding decay time is found to be insignificantly

correlated with the average summer temperature; thus, greater
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pérsistence does not appear to be a feature of anomalously warm or
cool summers.

Twice the e-folding decay time, 5.0 days, is the effective
time between independent sample values (Leith, 1973). Madden
(1976) found the same figure -- 5.0 days -- for July surface
pressure variations at the same location. With a daily standard
deviation of 3.1°C and 18.4 effectively independent samples during
a 92-day summer season, the natural variability at Broughton Island
is 0.7°C. The standard deviation of 16 summer average temperatures
at Broughton is 1.0°C; half of the total interannual variance is
therefore due to "natural variability", and half due to physically
significant climate fluctuations. |

The 1-2-1 smoothing of Broughton summer averages reduces the
total interannual variance by 40 percent; this 40 percent belongs
to the high frequency component of the interannual variability.

The natural variability, due to the occurrence of individual spells
of weather within a calendar (June 1 to Augdst 31) summer, is
random for climatological purposes. Therefore it is contained in
much of the high frequency "noise" removed by the smoothing. Very
little "signal" is lost to the smoothing, since summer to summer
persistence and the quasi-biennial cycle appear to have little
influénce around Baffin. At Broughton, the autocorrelations of 16
Summer average temperatures are -.0l, .09, and .02 for lags 1, 2,
and 3 years, respectively. At nearby Clyde, with a longer (31-year)
record, the respective autocorrelations are .19, .09, and -.04. For
the rest of this study, the 1-2-1 smoothed values will be given

greater emphasis than the annual values, since the smoothing more
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clearly reveals climatologically significant variations. It
should be remembered, though, that the two-year effective length

of the smoothing function cuts the sample size in half.

Baffin Area Temperature Variations

Summer average temperatures over Baffin Bay, averaged between
three coastal stations (Clyde, Upernavik, and Egedesminde) for
1943-76, are plotted in Fig. 2.1. The longer-term variations are
made more apparent by the 1-2-1 smoothed values (solid line). The
natural variability of this 3-station average should approximate
the 0.7°% natural variability for Broughton Island, since the
interannual standard deviations for both Broughton and the
3-station average are 1.0%. Keeping in mind the natural
variability and the effect of the smoothing functions, significant
events in the summer temperature history of Baffin Bay appear to be
the cool summers of the mid-1940's, the warm spell from 1948 to
1960 (especially warm around 1949 and 1960), the cold summers
after 1963, and the exceptionally cold summers of the early 1970's.

A time series alone does not give the whole story; the
spatiai variations are also important. Figs. 2.2a and 2.2b map the
summer temperature anomaly around Baffin Island for the extreme
summers of 1960 and 1972, relative to the published 1941-70
climatological normals. In 1972, the entire region of West
Greenland and ;he eastern Canadian Arctic was well below normal,
with the greatest anomalies around Foxe Basin. At most stations
on the map the summer was the coldest on record. The 1960 pattern

was less monolithic -- at several stations scattered across the
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FIG.
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