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Spring-season climate variability in the central Canadian
Arctic Islands
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ABSTRACT. The Resolute Bay area in the central Canadian Arctic Islands is in a
region of maximum variability in 50 kPa heights in spring. This is the northern part of
an oscillation in large-scale atmospheric circulation called the Baffin Island- West
Atlantic Oscillation (BWA), The historical record of temperature at Resolute Bay.
Northwest Territories, over the 1948-93 period is compared with circulation patterns
for extremely warm and cold spring seasons, using a composite technique and a simple
index of the intensity of the BWA. The extremely cold spring of 1992, the second
coldest of the 46 a record, was probably caused by reduced solar radiational forcing
due to the increased dust veil caused by Mount Pinatubo.

Within cach spring season, large-scale synoptic conditions provided an important
control on the timing of critical stages leading to full snow melt on the sea-ice surface.
The first stage is the change {rom dominance of the region by wintertime continental
polar air to the frequent invasion of maritime polar air masses, resulting in increased
cloud cover and reduced frequency of Arctic mversions. The second stage is the
transition to full melt on the ice with a sharp drop in surface albedo. During the spring
of 1993, the first stage was triggered by a major storm which moved through the area
on 9-10 May 1993. The second snow-melt stage was triggered by a stationary upper
ridge which remained over the area [or a 2 week period from 15 May to early June and
produced clear to scattered-cloud conditions and high downward solar radiation.

INTRODUCTION

The Sea-Ice Monitoring and Modelling (SIMMS) field

experiment has been carried out on the sea ice off

Resolute Bay (74°45" N, 94°50° W) in the Canadian Arctic
Islands every spring since 1990. An overview ol the
SIMMIS project is presented by Barber and others (1992),
The objective of this paper is to examine the variability in
regional climate during the SIMMS experiments in
comparison with the longer-term climate variability.
Long-term variability of Arctic climate has been the
subject ol increasing interest because of concern over
Arctic climate warming due to the increased concentra-
tion of greenhouse gases (Roots, 1989). This concern
stems from recent equilibrium general-circulation-model
(GCM) results which suggest that global climate
warming will be amplified in Arctic regions (IPCC,
1992). GCMs estimate large-scale seasonal changes in
circulation patterns resulting from increased CO» foreing.
One of many reasons for their limited use at regional and
local scales is their limited spatial resolution. The extent
to which regional climate variability can be explained by
large-scale circulation could lead to methods of extra-
polating from GCMSs to changes in regional and local
climate. As a result an attempt is made to relate large-
scale circulation to spring-season climate in the area.
Changes in large-scale circulation control the move-
ment of air masses and storm tracks and are therefore
important in determining the timing of critical stages in
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the spring transition period during SIMMS. The first
critical stage is an abrupt increase in cloudiness and
surface temperatures and decreased frequency ol Arctic
inversions, associated with the advection of warm, moist
maritime polar air into the region. The second stage is the
onset of snow melt on the sea-ice surface. The timing of
these stages and the changes in synoptic regime which
occur are important for interpretation of results of
individual SIMMS projects within each spring pro-
gramme and [rom year (o year.

To examine the long-term climate, the Resolute Bay
weather-station temperature record was used. The
Resolute Bay weather station is a principal observing
station of the Atmospheric Environment Service with
continuous weather records going back to 1948. The
surface-temperature record was tested for inhomogeneity
and corrected where necessary using methods described
by Gullett and others (1991). Mean daily temperatures
were averaged to produce spring-season values for April,
May and June, corresponding to the period of the
SIMMS field experiments. Seasonal values were then
subtracted [rom normals for the 1951-80 period to
produce temperature anomalies. The large-scale circul-
ation was examined using daily gridded 50kPa
(500 mbar) data derived from 007 observations. These
data consisted of 435 latitude-longitude grid points over
the Northern Hemisphere from the North Pole to about
30°N latitude. Average monthly and seasonal 50kPa
gridded data were calculated.


https://doi.org/10.3189/S0260305500016025

Agnew and Silis: Spring climate in Canadian Arctic Islands

yau

ARCTIC OCEAN .

Fig. 1. Location map of the Canadian Arctic Istands. The SIMMS experiments lake place about 10 km south of Resolute

Bay on the sea ice facing into Lancaster Sound.

CLIMATE CONTROLS OVER THE REGION

The SIMMS field programme takes place in the
approximate geographic centre of the Canadian Arctic
Islands, ofl" the south coast of Cornwallis Island facing
Lancaster Sound (Fig. 1). The general climate of the area
is described by Maxwell (1981) who identifies cyclone/
anticyclone activity, large-scale physiography, net radi-
ation, and the sea-ice water regime as the main climate
controls for the area.

The eyclone [requency is considerably less than in the
regions to the east towards Baffin Bay and to the west
towards the Arctic Ocean and Beaufort Sea. The Baflin
Bay region is influenced by a high frequency of cyclones
tracking up from the main storm t(rack which crosses
North America (Klein, 1957; Zishka and Smith, 1980).
These cyclones tend to occlude in the Baflin Bay area but
do not move into the central Arctic Islands due to the
barrier provided by the mountainous terrain of Ellesmere,
Devon and Baffin Islands. The region to the west towards
the Arctic Ocean has a contrasting anticyclone/cyclone
regime in winter and summer (Serreze and Barry, 1988).
In winter, this region is influenced by semi-permanent
high pressure over the Beaufort Sea producing a high
frequency of anticyclonic activity. In summer, the region
is influenced more by storms which move into the
Beautort Sea area [rom the west, southwest and north.

Figures 2 and 3 show the 30kPa (500 mbar) circul-
ation over the Northern Hemisphere and the variability
in 50 kPa height in spring. The Canadian Arctic Islands
are situated under the deepest part of the circumpolar
vortex and in a region of large 50 kPa height variability.
The seasonal variability is calculated from the daily 007
heights over the 1951 80 period at each grid point, This
variability usually occurs over 1-2 week time-scales,

https://doi.org/10.3189/50260305500016025 Published online by Cambridge University Press

longer than typical cyclone/anticyclone activity. Studies
by Knox and Hay (1985) suggest that this variability is
due to a high frequency of blocking activity in the region,
T'he maximum variability, southeast of Resolute Bay over
Balflin Island, is comparable in magnitude to variability

Fig. 2. 'The 1951-80 mean 350kPa heights over the
Northern Hemisphere,

331
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over the North Pacific and North Atlantic. This
maximum in 50 kPa variability suggests that large-scale
circulation plays a greater than normal role in regional
changes in weather for the area.

The influence of large-scale circulation on regional
climate has been studied extensively over the last decade.
Perhaps the best-known northern study of large-scale
circulation and weather is the “seesaw’ in temperature
hetween the west coast ol Greenland and northern
Europe caused by an oscillation in surface pressure over
a broad region of the North Atdantic (Rogers and van
Loon, 1979). This oscillation is referred to as the North
Atlantic Oscillation (NAO) and an index of its intensity is
usually defined as the difference between the normalized
winter surface-pressure anomaly for Ponta Delgada
(Azores) and that for Akureyri (Iceland). It has been
used in several climate studies relating circulation to
regional climate (Lamb and Peppler, 1987; Moses and
others, 1987). The NAQO index defines a dipole-like mode
of variability in the North Atlantic between the Icelandic
low and the Atlantic sub-tropical high.

Studies of the principal modes of low-frequency inter-
annual variability of the atmosphere have identified the
NAO as a particularly strong mode present throughout
the year (Barnston and Livezey, 1987). The NAO is
usually separated into a West Atlantic (WA) and East
Atlantic Oscillation (EA). Neither the NAO nor the WA
captures the high variability in 50 kPa height over the
Baflin Island area (Fig. 3). As a result a separate
oscillation, the Baffin Island/West Adantic Oscillation
(BWA), is defined by Knox and Hay (1985, associated
with 50 kPa variability over this area. Justification for this
is based on Knox's detailed examination of the Namias
Teleconnection Atlas No. 29 (Namias, 1982; personal
communication from J. Knox, 1993). The NAO, WA and
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Fig. 3. The standard deviation of 50 kPa heights for the
1951-80 period.
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BWA can all be thought of as manifestations of the
“North Atlantic Oscillation mode” but with distinct
differences in phase. The separation into different indices
is not meant to suggest an intrinsic dynamic difference
between NAO, WA and BWA.

From the mean monthly 50 kPa fields. BWA, WA and
NAO indices lor spring were calculated from the monthly
orid values using formulae shown in Table 1. Each index
represents a difference in geopotential height between the
two centres expressed in decametres and represents the
strength of the poleward height gradient between the two

centres.

Table 1. Telecannection indices derived for spring from the
30 kPa gridded data. 7.(lat.. long.) is ihe height anomaly
using the 1947-87 period as normal

Name Index formula for spring (using 50kPa geo-
polential heights (Z.) al indicated grid points)
North
Atlantic -
Oiacillatian 0.5{Z(65° N, 30°W)-Z(35° N, 30° W)}
NAO)
Baflin
Island West
Atlantic 0.5{Z(65° N, 70° W) —Z(35°N, 65° W)}
Oscillation
(BWA)
West
Atlantic ! .
Oscillation.  O-5(Z(85° N, 50° W)—Z(85° N, 40° W)
(WA)

SPRING TEMPERATURE VARIABILITY SINCE
1948

Figure 4 shows a plot of spring temperature departures for
the 1948 93 period and the 5 year running mean applied
to remove the high-frequency inter-annual variability
and show longer-term trends. Table 2 lists the spring
temperature anomalies and normalized anomalies (i.c.
divided by the rms variability so that the anomaly is
scaled like a t-variable). A t-value of about 1.65 repres-
ents a statistically significant deviation from climatology
at the 95% level.

The 5a running mean shows warm temperatures at the
start of the record which probably marks the end ol the
general warming over the Arctic that occurred in the 1920s,
1930s and 1940s (Kelly and others, 1982). Temperatures
were near normal in the late 1950s and early 1960s. The
early 1970s were particularly cold. The long-term trend
then reverts to near normal during the 1970s and carly
1980s, becoming slightly positive in the late 1980s. There is
no significant overall trend in the record.

The first two spring years of the SIMMS field
programme (1990 and 1991) were warmer than normal
but not exceptional. The spring of 1993 was the warmest
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Fig. 4. Spring surface temperature anomalies for the 1948
93 period based on the Resolute Bay weather-station record.

during the field programme and the sixth warmest of the
entire record. The spring of 1992 was the second coldest of
the 46 year record, exceeded only by the extremely cold
spring ol 1972, The five coldest springs in order of severity
were 1972, 1992, 1970, 1974 and 1983. The five warmest
springs were 1952, 1953, 1988, 1951 and 1975.

The abruptly colder 1992 spring season merits further
comment. This very cold spring occurred over a large
part ol the Canadian (Kerr, 1993),
approximately 10 months after the eruption of Mount
Pinatubo. GCN modelling studies by Hansen and others
(1992 suggest that Mount Pinatubo injected sufficient

eastern Arctic

sulphur-rich material into the stratosphere to reduce solar
radiation and cool mean global surface temperatures by
as much as 0.5°C for a 1-2 year period. A delay of several
months in the cooling signal was expected to allow the
dust veil to spread over the hemisphere and overcome the
inertia of the climate system. A delay in the Arctic until
the spring would also be expected since it 1s only with the
of 24h that
forcing due to increased stratospheric aerosols would

return sunshine reduced solar-radiation

occur. In the model simulation, Pinatubo reduced
temperatures by 3 standard deviations ol the annual

¢lobal mean temperature.

TEMPERATURE ANOMALIES AND LARGE-
SCALE CIRCULATION

To examine the changes in 50 kPa circulation patterns which
occur for extremes in spring temperatures, a composite of the
circulation lor the five warmest and the five coldest springs
the warm and cold
compaosites is shown in Figure 5. The pattern shows above-

was made. The dilference between

normal height over the Canadian Arctic Islands, as expected.
since surface temperatures should be reflected through the
lower troposphere. Also present is a north-south dipole

pattern between the Canadian Arctic Islands and  the
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Lable 2. Spring-season temperature anomalics. Asterisks
indicate anomalies that are significant at the 95% level

Year Temperature anomaly l-statistic for temperature
'

1948 0.60 0.41
1949 ~0.46 0.32
1950 0.76 0.52
1951 2.17 1.48
1952 4.04 275"
1953 3.44 2.34"
1954 0.47 0.32
1955 0.14 0.09
1956 0.66 0.45
1957 0.04 0.02
1958 0.13 0.09
1959 1.26 0.86
1960 0.94 0.64
1961 0.20 0.13
1962 0.17 0.12
1963 0.27 0.18
1964 1.46 1.00
1965 0.60 0.41
1966 0.50 0.34
1967 0.10 0.07
1968 0.00 0.00
1969 0.46 0.32
1970 2.60 177
1971 0.64 0.43
1972 2.93 1.99"
1973 0.26 0.18
1974 2.13 1.45
1975 917 1.48
1976 0.53 0.36
1977 1.24 0.84
1978 2.00 1.36
1979 0.46 0.32
1980 0.66 0.45
1981 1.07 0.73
1982 0.26 0.18
1983 2.03 1.38
1084 0.30 0.21
1985 0.60 0.41
1986 0.36 0.25
1987 1.10 0.75
1988 2.24 1:52
1989 0.00 0.00
1990 0.79 0.54
1991 0.94 0.64
1992 2,60 7
1993 2.14 1.45

western Atlantic, similar 1o the Baflin Island-West Atlantic
Oscillation. Lower heights centred over the Norwegian Sea
in Figure 5 reflect the seesaw in temperatures with northern
Europe discussed earlier. The overall pattern is very similar
to Barnston and Livezev's (1987; figure 2 for May and June

oo
(S~
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Fig. 5. 50 kPa difference pattern belween the five warmest
and five coldest spring seasons at Resolute Bay.

and suggests increased meridional circulation over northern
Canada, with reduced westerlies over eastern North
America, displaced southward over the North Atlantic.

As a further comparison with circulation, the time
series of temperature anomalies were compared with the
BWA, WA, and NAQ indices. Only the BWA index was
significantly correlated with the temperature anomaly
(Fig. 6). The correlations were 0.56 for the BWA index,
0.4 for the NAO index, and 0.24 for the WA index.

Temperature Anomaly vs. BWA Index

-~ Anomaly

. 5

in, 1 |
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Fig. 6. Plot of the BWA index in geopotential decameties
against lemperature anomaly in “C.
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CRITICAL EVENTS DURING SIMMS 1993

As indicated, the 1993 spring season was the sixth
warmest spring in the 46 year record at Resolute Bay.
In 1993, the transition from predominantly continental
polar air to more frequent invasions ol warmer maritime
polar air occurred with a major storm which moved into
the Canadian Arctic Islands from the Keewatin/western
Hudson Bay region on 910 May (Fig. 7). Figure 8 shows
a sharp increase in surface air temperature and snow
temperature following Julian day 130 (10 May) which
persisted for the rest of the SIMMS experiment after the
storm passed. Similar increases in relative humidity are

observed. Aflter the warming, air temperature in Figure 8
mostly exceeds snow temperature, implying downward

sensible-heat flux and warming of the surface by the

warm, moist air.

Fig. 7. Surface pressure analysis showing a major storm
which moved through the Canadian Northwest Terrilories
into the Aretic Islands at 1200 GM'T on 10 May 1993.

The second stage is the onset of snow melt on the sea-
ice surface. In 1993, the precursor to melt was a 50 kPa
ridge which moved into the southern Greenland Baflin
Bay area around 21 May, extending across the Arctic
[slands into an intense high over the western Arctic basin.
At the surface, high pressure dominated over the region
for more than 2 weeks. Figure 9 shows the surface analysis
on 27 May at 1200 GM'T, with an intense 1035 mbar high
over the region. This situation persisted with only minor
changes until early June, producing a lang period of clear
to scattered-cloud days giving high values of average
incident solar radiation (Kd). Figure 10 shows absorbed
solar radiation, i.e. incident solar radiation (Kd) minus
reflected solar (Kw), at the multi-year sea-ice site. The
gradual increase in absorbed solar radiation is apparent.
Of particular note is the sharp increase between Julian
days 147 and 155 (27 May 4 June) when this stationary
high was most intense. This eventually leads to a rapid
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Fig. 8. Time series of daily average air and snow
temperatures during SIMMS "93 at the first-year ice sile.

drop in Ku and surface albedo as the snow surface begins
to melt.

This warming situation was exceptional as indicated
by comparison with the long period of weather records at
the Resolute Bay weather station. Weekly temperature
values compared to the 1951-80 normal period were over
2" above normal from mid-May until the end of the field
programme (not shown). Other parameters [or the spring
months such as the percentage of normal bright sunshine
were also above normal for May and June. These warm
conditions were not local but extended over the central
and western Canadian Arctic Islands and into western

Canada.

Fig. 9. Surface pressure analysis for 1200GMT on 27
May 1993 showing an intense 1055 mbar high pressure
over the Arctic Islands.
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Fig. 10. Time series of daily absorbed solar radiation, i.e,
incident  solar radiation (K'd) minus reflected solar
radiation (Ru), at the multi-year sile.

CONCLUSIONS

The SIMMS study avea is in a region of the Arctic where
there is maximum large-scale circulation variability in spring.
Examination of variability of spring temperatures in the
Resolute Bay arca in the cenmal Canadian Arctic Islands
indicates that the five coldest springs in order of severity were
1972, 1992, 1970, 1974 and 1983. The five warmest springs in
descending order were 1952, 1953, 1988, 1951 and 1975, The
extremely cold spring of 1992, the second coldest recorded,
was probably caused by reduced solar radiational forcing due
to the increased dust veil caused by Mount Pinatubo
[0 months earlier. The inertia of the climate system, the
delay in spreading the dust veil over the Northern Hemi-
sphere and the timing of the arrival of continuous daylight in
the spring suggest that this delay is reasonable,

Extremes in temperature occurred in conjunction with
a change in circulation pattern referred to as the Baflin
Island West Atlantic Oscillation (BWA). A BWA index
describing this oscillation was significantly correlated
with the temperature anomaly. Correlations with the WA
and NAO oscillations were not significant.

The spring-season weather and climate of the area are
strongly influenced by changes in large-scale atmospheric
circulation which controls the movement of air masses
and storm tracks and thus the timing of two important
stages during this period. The first is the transition from
predominantly continental polar air over the region to
the frequent invasion of warm, moist maritime polar air.
This transition brings a sharp increase in cloudiness,
surlace temperature and relative humidity, reduced
frequency of Arctic inversions and increased frequency
of positive net radiation. The second stage is the onset of
snow melt on the sea-ice surface and is accompanied by
an abrupt change in surface albedo and increases in solar
radiation absorption and positive net radiation.

During the spring of 1993, the start of the first stage
was triggered by a major storm which moved through the
area on 910 May 1993, The snow-melt stage was

939
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triggered by a stationary upper ridge which remained
over the area for a 2 week period from 15 May to early
June and produced clear/scattered-cloud conditions and
high incident solar radiation which accelerated snow melt
on the sea-ice surface.
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