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Recent Freezing Level Changes and
Climatic Deterioration in the
Canadian Arctic Archipelago

It is well established that climatic fluctuations which are global
or hemispheric in extent are most pronounced in high northern
latitudes, particularly around the North Atlantic'-*. Recent
evidence also suggests that certain sectors of the Arctic are
extremely sensitive to small climatic shifts and as a result may
undergo visible changes in the landscape®-*. Here I report on an
analysis of upper air data for the Canadian Arctic archipelago
which indicates that marked changes in freezing level heights
have occurred during the past two decades as a result of changes
in atmospheric circulation across the area.

Over most of the Canadian Arctic, surface temperatnrm
rarely rise above 0° C from September to May. The freezing
Jevel (the 0° C isothermal surface) reaches a maximum eleva-
tion in July. A decrease in the elevation of the freezing level
during summer months can therefore greatly decrease the area
of snow and ice affected by melting.

Bradley and Miller® suggested that a significant climatic
deterioration began on Baffin Island about 1960. The freezing
level data indicate that the critical change probably occurred
around 1962-1964. Table 1 shows average July freezing level
elevations for two nine-year periods, 1955-1963 and 1964-1972,
based on an analysis of daily records (no data available prior .
to 1955). July freezing levels have been much lower at all
stations in the area during the past nine years. A similar pattern
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Fig. 1 Average height of the July 850 mbar surface, 1955~63,
m geopotentlal metres (l gpm ~ 0,98 m). Letters refer to upper
air stations mentioned in text. A=—Alert; Cl=Clyde; C=Coral
Harbour; Co-—Coppermme, E-Eureka* F=Frobisher Bay,

T—Tcanhcan + AMM—RAAnld DA Danalibare O Canten TFaibmeoa



NATURE VOL. 243 JUNE 15 1973

120 10 60 %0 T — od ™

"'
VAN

Fig. 2 Average height of the July 850 mbar surface, 1964-72,
in geopotential metres.
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1961 as a result of anomalously warm ocean temperatures in
the central northern Pacific Ocean which had the effect of
amplifying the standing long wave pressure pattern in the
Northern Hemisphere. The observed displacement of the main
centre of the eastern Canadian trough north and west is con-
sistent with Namias’s suggestions. The abrupt changes in
freezing levels around 1962-64 reflect a lag in response to the
initiation of this new circulation regime.

The large changes in freezing level height since 1963 have
produced significant glaciological responses in the Canadian
Arctic. Observations made in 1967 in the United States Range,
central Ellesmere Island, led Hattersley-Smith® to conclude
that the summers of 1963-66 “‘were the coldest sequence of
summers since before 1925 . . . the equilibrium line (ELA)
on the glaciers had been lowered to approximately 900 metres
from a mean of about 1,200 metres in the years 1957-63".
This fall in ELA by 300 m is similar to the drop in freezing
level at Alert and Eureka (Table 1). Similarly, the ELA on
the White Glacier, central Axel Heiberg Island, has been more
than 400 m lower since 1963-64 than in the four years 1959-60
to 1962-63 (ref. 10). Again a similar fall in freezing level height
over this area has been noted. Finally, a recent study of sea-ice
extent in Baffin Bay and Davis Strait shows that a very marked

Table 1 Average July Freezing Level Heights, 0000 GMT.* Heights in Geopotential Metres

Station Latitude Longitude (a) Freezing level
1955-63
Alert 82° 30’ 62° 20’ 1,230
Clyde 70° 27’ 68° 33’ 1,620
Coppermine 67° 49’ 115°05° 2,280
Coral Harbour 64° 12’ 83° 22’ 2,100
Fureka 80° 00’ 85° 56’ 1,500
Frobisher Bay 63° 45’ 68° 33’ 2,010
Inuvik 68° 187 133° 29’ 2,500§
Isachsen 78° 477 103° 32’ 1,220
Mould Bay 76° 14’ 119° 207 1,310
Resolute 74° 43 94° 59 1,490
Sachs Harbour 71° 59’ 125° 177 1,790l

(b) Freezing level Change  Student’s Statistical
1964-72 (b—a) t significance

900 —330 4.9 0.1%
1,280% —340 4.5 0.1%
2,0901 —190 29 0.5%
1,860 —240 3.7 0.1%
1,150 —350 7.2 0.1%
1,710 —300 49 0.1%
2,370 —130 2.2 2.5%

710 —510 7.3 0.1%
1,150 —160 2.1 2.5%
1,150 —340 4.7 0.1%
1,640 —150 1.8 5.0%

* July 1955 soundings taken at 0300 GMT.
1 1964-70 inclusive.

{Data 1970-72 inclusive from Cambridge Bay (69° 06’ N, 105° 07° W).

§Data 195560 inclusive from Aklavik (68° 14’ N, 135° 00" w).

11956-63 inclusive.

is apparent for the summer months as a whole. A maximum

freezing level depression of 510 geopotential metres occurred
at Isachsen in the northwestern archipelago with other large
decreases in a broad belt north to Eureka and Alert and south-
east to Resolute, Clyde and Frobisher Bay.

Mean pressure contour maps for the same periods (Figs.
1 and 2) indicate that during the former period the area was
dominated by a trough of low pressure over Baffin Bay and
southern Baffin Island. In the subsequent period the principal
low pressure centre occurs to the northwest with the south-
eastern Arctic dominated by a ridge of high pressure. Pressure
gradients over the archipelago are aiso much stronger in the
latter period indicating increased movement of air across the
“?gion, particularly from the north. A similar pattern of
circulation change is observed at the 700 mbar level. The low
Pressure centre of 1964-72 is located precisely where the most
Significant falls in freezing level have occurred (Table 1).
Increased ‘advection of cool air across Baffin Island during the
latter period accounts for the relatively large falls at Clyde
and Frobisher Bay. Relatively small changes over the south-
Western archipelago reflect little change in the circulation over
that area.

The large changes in summer freezmg levels across the area
thus seem to be the result of changes in synoptic conditions.
Namias® suggests that a “new climatic regime” began late in

change towards more severe ice conditions occurred in 1963
(ref. 11). Between 1952 and 1960 there were only four years
when significant areas of ice were observed in September
whereas “in the 1960s there was only one year in which ice
was not present in September, and five years in which it survived
until October™. Such a deterioration clearly reflects the lower
temperatures and increase in northerly flow over the area
during the past decade.

In conclusion, the Canadian Arctic has recently experienced
a significant climatic deterioration. Any further fall in freezing
level heights or the persistence of recent conditions will un-
doubtedly result in increased glacierization throughout much
of the eastern and northern upland area. This indicates the
importance of carefully monitoring climatic conditions in the
Canadian Arctic archipelago over the next few years.

This work was partly supported by a contract from the
Glaciology Division, Department of Environment, Canada. I
thank J. T. Andrews, R. Barry, A. S. Dyke, J. D. Ives,
J. Jacobs and G. H. Miller for advice.

RAYMOND S. BRADLEY

Institute of Arctic and Alpine Research
and Department of Geography,
University of Colorado,

Boulder, Colorado 80302



400

Received March 14, 1973,

1 Mitchell, J. M., UNESCO Arid Zone Research, 20, 161 (1963).

® Putz, F. R., Beilage zur Berliner Wetterkarte, 106, 23 (1971).

3 Tr(&ls;i_lllliitov, A. F., and Borisenkov, V. P., Polar Record, 15, 927

¢ Willett, H. C., Cent. Proc. Roy. Met. Soc., 195 (1950).

5 Bradley, R. S., and Miller, G. H., Narure, 237, 385 (1972).

¢ Hattersley-Smith, G., and Serson, H., Defence Res. Estab. Tech.
Note, 72-32, Ottawa, Canada (1972)

* Andrews, J. T., Barry, R., Bradley, R. S., Miller, G. H., and
Williams, L. D., Quat. Res., 2, 303 (1972).

8 Namias, J., Mon. Weather Rev., 97, 173 (1969).

* Hattersley-Smith, G., Canad. Geophys. Bull., 20, 188 (1967).

10 T aken, O., Int. Comm. NW Atlantic Fish., Spec. Publ. No. 8 (1972).

11 Dunbar, M., Proc. Int. Sea-Ice Conf. (Reykjavik, in the press).



