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Monthly review 

Cold Spell Extends to 6 Months 
in the East 

The eastern Canada cold spell 
was discussed briefly last month. 
Now that it has continued for 
another month and in fact has 
intensified it is worthy of furth-
er analysis. The accompanying map 
shows that there are two extensive 
areas that have had · be 1 ow norma 1 
temperatures for the past -Six 
months. 

The intensity and the south-
ward displacement of the polar 
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CLIMATIC HIGHLIGHTS 
by 

P. Scholefield, CCRM 

vortex and its southward extending 
Canadian trough have been the 
principal reasons for the extended 
period of cold weather. The strong 
negative height anomaly over 
Baffin Island can be attributed 
directly to this upper level cir-
culation feature . 

The impact in the Arctic has 
been on the shipping which has had 
to contend with heavy ice cond i -
ti ons during the summer and more 
recently an unusually early 
freeze-up (see the article on ice 
conditions on page 4B). 

50 kPa HEIGHT ANOMALY 
1 JUNE - 30 NOVEMBER 1986 

Contours in decameters 

.... ·.·. Regions with mean monthly 
f f temperatures below normal 

Vol.a· 10·ae· 

Further south , warm weather 
crop production in Quebec and the 
Maritimes was greatly reduced by 
the cold growing and harvesting 
season. One of the benefits from 
the extension of this cold spell 
into November has been an early 
start to the ski season and its 
continuation in both Quebec and 
New Brunswick. The record break-
ing snowstorm of November 21 and 
22 brought about an al most in-
stantaneous start-up of ski re-
sort operations. 

Winter Arrives Early Across 
The Countcy 

November 1986 will be remem-
bered across southern Canada as 
the year winter arrived early and 
with a vengeance. A chi 11 i ng 
arctic outbreak had already 
covered the southern Prairies at 
the end of October and persisted 
unt i l the arr i va 1 of Chi nook 
conditions in mid-November . This 
same arctic outbreak spilled 
across the mountains into B.C. 
and even out onto the coast at 
the end of the first ful 1 week. 
Even Vancouver reported snow. 
Quebec and New Brunswick were 
also invaded by record-break ing 
arctic air during the first week. 
Some of the earliest heavy snow-
storms on record struck southern 
Manitoba, most of Ontario, south-
ern Quebec and northern New 
Brunswick as the month progress-
ed. Halifax received a 24-hour 
November record snowfall of 28 cm 
on the 19th. 

Canada 
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DEPARTURE FROM NORMAL 
OF 

MEAN TEMPERATURE 
(OC) 

NOVEMBER 1986 

MEAN TEMPERATURE 
(OC) 

NOVEMBER 1986 

ACROSS THE COUNTRY 

Yukon and Northwest Territories 

It was generally very cold 
through the Yukon and Northwest 
Territories in November. Over the 
far north, the central and the east-
ern territories, the cold was a 
continuation of a trend which began 
in September under the influence of 
a frigid dome of arctic air associ-
ated with the upper level trough 
which extended further south than 
usual. In the northwest, the influ-
ence of the upper ridge was not as 
favourable as last monthly because 
of a dramatic change in location as 
it retreated further west . This 
a 11 owed co 1 d arctic air to invade 
the Yukon and District of Mackenzie. 
At the beginning of the month, temp-
eratures plunged well below seasonal 
normals. Ogilvie reported the coun-
try's lowest daily temperature of 
-43 °C on the 9th. It was c 1 ear and 
frigid most of the time despite some 
snow and drifting snow. Several 
daily minimum temperature records 
were est ab 1 i shed on Baffin Is 1 and. 
Winds were generally strong over the 
eastern Arctic all month. For the 
third consecutive month Frobisher 
Bay reported below norma 1 snow 
depth. 

British Colullbia 

The ridge of high pressure that 
persisted through October disappear-
ed in November a 11 owing a frequent 
onslaught of Pacific disturbances. 
There was however, one serious out-
break of arctic air which covered 
the north and east of the prov i nee 
and even the south coast briefly . 
With the exception of the southern 
interior and the coast, mean temp~~-
atures were below normal . Precipita-
tion was generally heavy. Most re-
gions reported snow, even Vancouver 
on the 9th. Some locations in the 
interior recorded well above normal 
snowfall . Dease Lake 254%, Kamloops 
276%, Smithers 209%. Two monthly 
precipitation records were set at 
Dease Lake ( 69. 9 mm) and Hope 
(479.2 mm). 

Sunshine values were low, par-
ticularly along the north coast 
because of the frequency of weather 
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d f s turbances . Strong winds occurred 
f n coas ta 1 areas. Ferry service to 
Vancouver Island was interrupted at 
the end of the month. 

Prairie Provinces 

Winter, which had already 
arrived at the end of October became 
we 11 entrenched during November. 
From the 6th of November onward, a 
frigid outbreak of arctic area in-
filtrated the south and remained for 
nearly three weeks. Southern Mani-
toba experienced the worst snowstorm 
since March 1966. Winnipeg was para-
1 ysed by a 35. 8 cm snowf a 11 accom-
panied by winds gusting to 90 km/hr 
and visibilities near zero. Saskat-
chewan and A 1 berta were spared the 
worst of the storm. Monthly precipi-
tation amounts were high in the 
Rockies where Ban ff received 72 cm 
of snow, the largest monthly accumu-
lation since 1946. In southern 
Manitoba, Portage-la-Prairie, Gimli 
and Winnipeg received nearly twice 
their monthly snowfall. Numerous 
daily minimum temperature records 
were set. Despite pronounced 
chinooks in southern Alberta (on the 
15th, 20th and 21st) mean tempera-
tures remained well below normal 
across the Prairies. At the end of 
the month, temperatures moderated 
under the effect of a meridional 
flow which allowed maximum tempera-
tures to rise above 0°C. 

Ontario 

It was very cold and there was 
a 1 ot of snow in northwestern On-
tario while the remainder of the 
province remained relatively dry and 
Moderately cold. Under the influence 
of an arctic air mass, several loca-
tions in the northwest experienced 
their coldest November in 20 years. 
At Big Trout Lake, the Mean monthly 
te•perature of -15.9°C was the cold-
est since the station opened in 
1939. Several stor•s crossed Ontario 
during the Month leaving generous 
aaounts of snow such as the 30-50 cm 
which fell during near blizzard 
conditions over the northwest on the 
9th. The south did not escape win-
ter's wrath as nearly 20 ca of snow 
fell on two separate occasions caus-
ing nuaerous traffic tie-ups in the 
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TOT AL PRECIPITATION 
(mm) 

NOVEMBER 1986 

PER CENT OF NORMAL 
PRECIPITATION 

NOVEMBER 1986 



48 

CLIMATIC EXTREMES IN CANADA - t«>VEMBER 1986 

MEAN TEMPERATURE: 
WARMEST 

COLDEST 

HIGHEST TEMPERATURE: 

LOWEST TEMPERATURE: 

HEAVIEST PRECIPITATION: 

HEAVIEST SNOWFALL: 

DEEPEST SNOW ON THE GROUND 
ON NOVEMBER 30th , 1986: 

GREATEST NUMBER OF BRIGHT 
SUNSHINE HOURS: 

VICTORIA, GONZ HTS . BC 

EUREKA, NWT 

WINDSOR, ONT 

MOULD BAY, NWT 

ETHELDA BAY, BC 

CLYDE, NWT 

CHURCHILL FALLS, NWT 

CALGARY, A., ALB 

ICE CONDITIONS IN CANADIAN WATERS 
Andy Radomski, CCRM 

7 . 4°C 

-32.3°C 

20.1°c 

-44 .0°C 

512.1 mm 

131.8 cm 

82.0 cm 

142 hours 

Arctic: By the beginning of December, al 1 areas in the Arctic 
were extensively ice covered. Due to the unusually cold temperatures 
in the eastern Arctic during October and November, the rate of ice 
growth and its extent was excessive . This year has been one of the 
earliest freeze-ups on record in the eastern Arctic , approximately 
three weeks earlier than normal. 

The powerful ice-strengthened ship M.V. Arctic, assisted by 
Canada's largest ice breaker Louis St . Laurent, was scheduled to make 
a final trip into Lancaster Sound at the end of November, the latest 
ever attempted. In northern Baffin Bay, near the entrance to Lan-
caster Sound, both vesse 1 s encountered unpenetrateab 1 e ice cond i -
ti ons, and the voyage was aborted the beginning of Dece11ber. See 
recent Satellite photograph of the Arctic on page 8b. 

East Coast Waters: During the period June to November, air 
temperatures averaged slightly more than 1°C below normal over all 
eastern Canadian Waters . The month of November shows a similar patt-
ern, but even more so, with readings 3-5°C below nor11al. This ice 
format f on season has been the co 1 dest on record a 1 ong the Labrador 
coast, and one of the coldest in Atlantic Canada. Water temperatures 
are now co 1 der than norma 1 in the St. Lawrence River, and are s i g-
n if i cant 1 y be 1 ow nor111a 1 a 1 ong the Labrador coast and in eastern 
Newfoundland waters. New ice has been moving steadily southward along 
the Labrador coast, with the leading tongue approaching the Strait of 
Belle Isle . Ice has already formed in the shallow bays and inlets 
along the Strait of Belle Isle, and by the first week in December ice 
was spreading across the Strait itself . This is about three to four 
weeks ahead of normal, and if weather conditions remain much as they 
have been, early freeze-up over all East Coastal Waters is imminent. 
If the present trend continues, new ice will form along the shore of 
the St. Lawrence River, between Montreal and Quebec City, in early 
December, and a significant covering of ice shou 1 d be expected by 
mid-month. This is one week earlier than normal. The ice will spread 
downriver, reaching the St. Lawrence estuary during the latter part 
of December. 

Toronto area on the 20th and a big 
multi-car pile-up near Barrie on 
the 27th. Monthly precipitation 
totals for southern and central 
reg ions remained below normal as 
they were in October, a comp 1 ete 
reversal from the excesses of sum-
mer and early autumn. Winds associ-
ated with the storms again aggra-
vated the high water level problem 
on the Great Lakes (see article on 
page 88). 

Quebec 

The Quebec weather was domin-
ated by the 1 ong-wave upper 1 eve 1 
trough which, for the second conse-
cutive month, was deeper and more 
intense than normal. Arctic air 
invaded the province several times 
keeping mean temperatures be 1 ow 
normal. Many m1n1mum temperature 
records were set: -10°C at Outawais 
and at Dorval on the 4th which was 
the lowest ever recorded so early 
in the season - 28 daily minimum 
records on the 13th and 14th in 
tot a 1 , no 1 ess than 8 new month 1 y 
minimum records and 3 others equal-
led at Sept-Iles, Gaspe and 
Chibougamau. Although precipitation 
amounts were moderate and variable, 
there were a few extremes. A heavy 
snowstorm on the 21st and 22nd 
dumped 70 cm of snow at Gaspe brin-
gi ng the monthly total up to 107.2 
c11, a monthly record. Du r ing the 
same period, Quebec City and Sher-
brooke received 32 and 52 . 4 cm 
respectively, which was the largest 
accumulation ever so early in the 
season. Mi 1 der weather at the end 
of the month melted most of the 
snowcover in the south. 

It was remark ab 1 e that Kuuj-
j aq received near 1 y doub 1 e ( 186%) 
its normal sunshine even though it 
was near the centre of the polar 
vortex. 

Atlantic Provinces 

All the Atlantic Provinces 
have experienced an unusual winter 
noted more for its early arrival 
than its severity. It was generally 
very cold with several storms which 
dumped record snowfalls and were 
accompanied by violent winds . Mean 

•.• Continued on page 78, Regions 
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Mean 50 kPa height anomaly (dam) 
November 1986 

Mean 50 kPa heights (dam) 
November 1986 

An examination of the mean 
upper air chart for November, 
1986 shows the evo 1 ut ion of the 
trends over North America from 
last month, that is, the intensi-
fication of long wave trough over 
the east and the breakdown of the 
ridge over the west coast. 

The seasona 1 drop in geopo-
tent i a 1 heights, caused by winter 
cooling, was general across 
Canada but particularly pronounc-
ed over the east. The polar vor-
tex was 1 ocated over Baffin Is-

50 kPa CIRCULATION 
M>VEMBER 1986 

by 
Alain Cail let, CCRM 

land, slightly deeper and further 
south than it's norma 1 November 
position. The Canadian trough 
extending southward had its axis 
more to the west than usua 1 and 
broader so it encompassed all of 
eastern Canada and the wester.n 
At 1 antic ocean. The gradient of 
the fl ow around this trough was 
much more intense than normal. 

In the west, at high lati-
tudes, the upper ridge dominated 
the f 1 ow as it has done without 
interruption since mid-September. 

It intensified up unt i 1 the 
m i·dd 1 e of the month then di sap-
peared at mid 1 at i tude but per-
sisted north of 50°N and retro-
gressed over the Bering Straits. 
Downstream from the ridge, a 
strong arctic flow stream devel-
oped which affected the northwest 
and the centre of the country. 

This unusual circulation 
pattern produced below normal 
mean temperatures ~ver the whole 
country except the west coast and 
southern interior of B.C. 



SEASONAL TOTAL OF HEATU«; 
DEGREE-DAYS TO Etll OF NOVEMBER 

1986 
BRITISH COLINJIA 
Kam loops 943 
Penticton 895 
Prince George 1510 
Vancouver 757 
Victoria 831 

YUKON TERRITORY 

1985 NORMAL 

1251 931 
1184 875 
1972 1522 

983 794 
1005 850 

Whitehorse 2033 2414 1954 
NORTHWEST TERRITORIES 
Frobisher Bay 3076 2573 2739 
Inuvik 2880 3014 2826 
Yellowknife 2197 2484 2092 

ALBERTA 
Calgary 1495 1845 1388 
Edmonton Mun 1490 1793 1398 
Grande Prairie 1661 1996 1574 
SASKATCHEWAN 
Estevan 
Regina 
Saskatoon 
MANITOBA 
Brandon 
Churchill 
The Pas 
Winnipeg 

ONTARIO 
t<.apuskas i ng 
London 
Ottawa 
Sudbury 
Thunder Bay 
Toronto 
Windsor 

-QUEBEC 
Baie Comeau 
Montreal 
Quebec 
Sept-Iles 
Sherbrooke 
Val-d'Or 

NEW BRUNSWICK 
Charlo 
Fredericton 
Moncton 
NOVA sa>TIA 
Halifax 
Sydney 
Yarmouth 
PRINCE EDWARD 
Charlottetown 
NEWFOUM>LAM> 
Gander 
St. John's 

' 1340 1607 
1475 1757 
1530 1799 

1562 1788 
2605 2457 
1753 1903 
1438 1604 

1757 
903 

1073 
1323 
1465 
938 
709 

1715 
1040 
1300 
1779 
1301 
1672 

1506 
1266 
1274 

1029 
1193 
1041 

ISLAM> 
1196 

1508 
764 
934 

1167 
1456 

803 
612 

1459 
890 

1083 
1517 
1114 
1435 

1225 
1047 
1050 

870 
977 
902 

978 

1241 
1366 
1405 

1349 
2253 
1556 
1264 

1488 
829 
706 

1186 
1316 
819 
694 

1461 
872 

1087 
1533 
1200 
1428 

1145 
1013 
1007 

822 
915 
881 

936 

1482 1358 1211 
1415 1287 1166 

6B 

Values equal percentage of normal 

-----f ' 
f \.,......__ -~t--L - -
I ' 

More than or equal to 110% of normal 

Values equal percentage of normal 

HEATING 
ENERGY REQUIREMENT 

FOR 

NOVEMBER 1986 

HEATING DEGREE DAYS 

HEATING 
ENERGY REQUIREMENT 
SEASONAL TOT AL TO 

END OF 

NOVEMBER 1986 

HEATING DEGREE-DAYS 
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SEASONAL SNOWFALL 
TO END OF 

NOVEMBER 1986 

(cm) 

WATER EQUIVALENT OF 
SNOW COVER 

DECEMBER 2, 1986 

(mm) 

SEASONAL SNJWFALL TOTALS (CN) 
TO Etl> OF NJVOIJER 

1986 1985 NJRMAL 

YUKON TERRITORY 
Whitehorse 63.4 57.6 42.5 
NJRTHWEST TERRITORIES 
Cape Oyer 227.2 162.2 241.3 
Inuvik 53.6 44.6 75.6 
Yellowknife 24.2 91.9 56.7 

BRITISH COLUMBIA 
Kam loops 32.0 6.6 12.0 
Port Hardy 0.6 7. 2 4.2 
Prince George 67.0 53.4 50.0 
Vancouver o.o 14.6 2.8 
Victoria 0.0 45.8 2.3 

ALBERTA 
Calgary 
Edmonton Namao 
Grande Prairie 
SASKATCHEWAN 
Estevan 
Regina 
Saskatoon 
MANITOBA 
Brandon 
Churchill 
The Pas 
Winnipeg 

ONTARIO 
Kapuskasing 
London 
Ottawa 
Sudbury 
Thunder Bay 
Toronto 
Windsor , 
QUEBEC 
Baie Comeau 
Montreal 
Quebec 
Sept-Iles 
Sherbrooke 
Val-d'Or 

NEW BRUNSWICK 
Charlo 
Fredericton 
Moncton 
t«>VA SCOTIA 
Shearwater 
Sydney 
Yarmouth 
PRINCE EDWARD 
Charlottetown 
NEWFOU.a>LNI> 
Gander 
St. John's 

26.5 
30.4 
40.5 

14.2 
72.2 
15.6 

11.6 
52.0 
30.6 
47 .6 

33.0 
28.5 
29.4 

37.8 
35.4 
14.8 

78.9 
85.7 
39.7 
58.7 

104.6 78.9 
16.6 8.4 
23.0 20.4 
30.5 12.6 
34.2 97.6 
14.2 11.0 
9.0 9.8 

74.4 
35.9 
62.2 
65.9 
68.4 
69.8 

42.6 
14.7 
36.2 
32.5 
33.7 
29.2 

79.0 34 . 9 
16.9 20.5 

* 16.9 

22.8 
42.4 
14 .4 

ISL.NI> 
23.8 

137.6 
67.1 

11.3 
33.5 
2.2 

32.3 

51.6 
41.7 

35.7 
26.5 
42.4 

23. 1 
24.2 
23.4 

23.3 
77.3 
43.8 
27 . 3 

85.0 
26.3 
25.5 
38.6 
33.1 
8.9 

11.6 

41.6 
22.9 
38.3 
61.4 
42.4 
63.7 

42.9 
22.7 
24.7 

9.5 
14.6 
8.3 

24.2 

44.1 
25.6 



KEEWATIN 

Regions ... continued fro• 4b 

monthly temperatures over all 
r egions we re be 1 ow norma 1 for 
the 3rd consecutive month. Eight 
monthly minimum re c ords we r e 
equalled or broken such as at 
Charlot (N.B.) -4 °C one degree 
less than in 1978, at Goose Bay 
-10.3°C which was 3.7 °C lower than 
the previous record in 1977. On 
the 20th , Goose Bay reported a 
record monthly extreme minimum of 
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UNGAVA 
PENINSULA 

BAFFIN 
ISLAND 

t 

ICE CONDITIONS 
These three NOAA 10 infrared satellite 
photographs of December 9, 1986, were taken 
during the night time, but clearly show the 
ex t ensive ice coverage in the eastern Arctic 
and Hudson Bay. The very co 1 d snow covered 
1 ands cape contrasts markedly from the i ce 
s trewm waters , because of t empe rature 
differences. 

- 26.1°C. The first major snowstorm 
of the seas on brus hed by Nova 
Scotia on the 19th. Severa 1 days 
later, on the 21s t and 22nd, Chat-
ham was pr act i ca 11 y buried under 
62 cm of snow. Extreme winds were 
ass oc iat ed with these weather 
systems. Gust s reached 120 km/h 
over the Hibernia oi 1 fields, up 
to 140 km/hr on the 13th and 14th 
over coas tal Newfoundl and (over-

turning 3 tractor trailers on 
the ferry M. V. Caribou off the 
coast of Portes-aux- BasqtJes), i n 
excess of 130 km/ hr on Pr i nee 
Edward Island on the 21st and 
22nd and near 100 km/ hr on the 
24th in Nova Scotia causing the 
1 oss of a fishing boat and the 
drowning of a fisherman. 
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HIGH W'ATER LEVEL IN THE GREAT LAKES 

In the month of September 
many locations in Southern Ontario 
received record amounts of rain-
fa 11. Greater than average precip-
itation was recorded over a 1 most 
a 11 of the southern Great Lakes 
Basin. From the end of August 
through ti 11 the beginning of 
October Lake Leve 1 s on Lakes 
Huron, St. Clair and Erie crept 
upwards by almost 10 cm. This was 
time when levels are usually fall-
ing because of increased autumn 
evaporation. At the end of 
October, 1 eve 1 s were at record 
highs. With the coming of fall, 
the frequency and severity of 
storms increases. An cold outbreak 
October 5th was accompanied by 
storm force winds over the Lake 
Huron/Georgi an Bay areas. This 
resulted in flooding at the St. 
Clair River exit from Lake Huron 
where water levels rose because of 
the winds pi 1 i ng water up a 1 ong 
the southern shore. Similarly 
there was also a lesser storm 
surge in the Georgi an Bay area, 
and considerable damage to struc-
tures built on shoreline propert-
ies because of high water 1 eve 1 s 
and waves. The combination of high 
water levels and winter storms 
a 1 so resu 1 ts in a much increased 
rat of shore l i ne erosion in some 
areas. The stormiest season is 
here with use now approaching and 
the potent i a 1 for further damage 
is very high along Great Lake 
shorelines particularly for Lakes 
Huron/Georgian Bay, St. Clair and 
Erie 

The impending er 1 s 1 s caused 
by the high levels has arisen 
because precipitation over the 
Great Lakes and basin areas has 
been above "norma 1" s i nee about 
the mid 60's. "Normal" refers to 
average conditions experienced 
over the past 30 or so years. The 
most recent climatological "nor-
ma 1 s" have been prepared for per-

by 
Andre Saulesleja, CCAH 

iod 1951-1980. Most 
of the structures and 
facilities designed 
around the Great 
Lakes are based on 
climatic conditions 
experienced before 
1970. The recent high 
lake levels are an 
accumulated result of 
a number of years of 
above average precip-
itation (page 10b). 
However, c 1 i mate and 
the conditions we 
would 1 ike to think 
of as "normal" are by 
no means a static 
process. Some histor-
i ca 1 inf or mat ion and 
paleoclimatological 
analyses indicate 
that higher lake 
1 eve 1 s and thus per-
haps greater amounts 
of precipitation were 
the norm in the early 
1800's and before. In 
the 1600' s 1 eve 1 s on 

Long 

Lakes Michigan/Huron were ap-
proaching levels almost a meter 
higher than even the present day 
extremes. 

The climatic causes of shifts 
in the precipitation regime, their 
duration and extent are still 
unknowns requiring further invest-
igation, but for the present, the 
high lake levels are likely to 
remain a cause for concern. Even 
with a return to a "normal" cl i-
mate, lake levels in the lower 
Great Lakes would not be expected 
to return to "normal" ranges for 
about nine years. The past records 
of precipitation indicate that 
variations in precipitation 
amounts are not unusual over per-
iods of 5-20 years. The odds would 
seem to favour a return to drier 
conditions, however there would 
a 1 ways remain the poss i bi 1 i ty of 

Point Lighthouse, Lake Erie 
April 2, 1986 
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climatic variations which could 
last for a much longer time. 

Damages resu 1 ting from high 
1 akes 1 eve 1 s wi 11 occur during 
winter storms. The damages w i 11 
result from a combination of 
storm surge and waves. 

Nhat is a Stora Surge 

A storm surge is a temporary 
change in water level brought 
about by a combination of wind 
and differences in pressure 
across a water body. For the 
Great lakes, the wind is the most 
important factor in determining 
the magnitude of short-period 
water level fluctuations. 

Each 1 ake responds uniquely 
to wind blowing across its sur-
face. The water l eve 1 increase, 
or set-up at the downwind end of 
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GREAT LAKES PRECIPITATION DEPARTURES 
(MEAN = 813mm) 
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the lake is approximately directly 
proportional to the wind speed 
and length of the water body, but 
inversely poportional to its 
depth. Moreover, the wind forcing 
of the water body results in some 
inertial or sloshing motions of 
the water body. These motions are 
periodic and are generally refer-
red to as seiching motions. The 
period for these seiches is about 
15 hours for Lake Erie, and 6 
hours for the major part of Lake 
Huron for the pr inc i pa 1 mode of 
osc i 11 at ion a 1 ong the greatest 
length of the lake. The storm 
response is actually much more 
complex, and a storm surge is made 
up of the set-up and the many 
possible modes of oscillation 
which are induced by wind forces 
on the lakes surface. 

The combination of poss i b 1 e 
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modes of motion was nuaerically 
mode 11 ed. The mode 1 used is that 
deve 1 oped from the Lake c i rcul a-
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used by the Ontario Weather 
Centre for producing warnings of 
high lake levels. 

In order to gauge the kind 
of damage which might be antici-
pated and as a basis for the 

SURGES AND WAVES DURING WINTER STORMS ON THE GREAT LAKES 

Lake 

Erie 
St. Clair 
Huron 
Georgian Bay 

Erie 
St. Clair 
Huron 
Georgian Bay 

Max storm surge in 11 

1.7-2.5 
1 

1-1.5 
0.5 - 1 

Wave Height in m 

10 
4 

10 
7-8 

Remarks 

Eastern End 
South and Eastern 
Mainly South 
30 Thousand Islands 

to Owen Sound 

Deep water waves 
approaching shorelines 



1 1 B 

deve lopment of cont i ngency plans , estimates have been 
prepar ed of t he t empo rary increase in wate r level 
(s torm s urge) and expected wave heights during a nor-
ma 1 or t yp i ca 1 extreme winter s torms. These are the 
kind of s torms whi ch can be expected as the most 
severe for a particular lake in each winter. The 
figures of previous table are intended to serve as a 
rough guide to the condit ions possibly occurring this 
winter . 

Soae further words about waves 

The wave heights in the previous table are the 
waves which wou 1 d be produced in deep water. These 
should no t be construed as the waves which would 
directly impact a shoreline. When large waves approach 
a shore 1 i ne, they w i 11 commence breaking when their 
height is about 3/4 of the water depth . During a storm 
the width of the breaker zone increases and the wave 
reaching any depth within this zone will have a height 
about 80% of the depth at that time . This depth will 
be the sum of the mean or st i 11 water depth and any 
change in depth arising from wind-set or the storm 
surge. Shoreline damage is the result of a combination 
of higher than normal levels, the greater waves these 
sustain, and increased erosion during these events. 

SEASONAL AND LONG-TERM FLOODING 

HIGH LEVEL ---, ·- ·- · -1 
SHORT-TERM (STORM SET-UP) 

WIND 
STORM LEVEL 

-
SET-UP 

- - -------= 

SHORT-TERM (:NAVE) 

AREA FLOODED 

TYPES OF FLOODING ON THE GREAT LAKES 

Waves appear to be engulfing Port Colbome Lighthouse - Photo - Toronto Star 
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ABBOTSFORD 5.4 -0.2 13.5 -3.3 0.8 14 24-4.0 127 0 18 70 
ALERT BAY 5.8 0.1 12.2 0 .7 0.0 375.3 176 0 2.3 X 
AMPHITRITE POINT X 
BLUE RIVER -2.2 0 .1 9.3 -18.4 90.9 160 110.2 14-7 45 15 36 
BULL HARBOUR 6.7 0.6 14.1 -2.3 4-62.8 f7I 0 25 X 

CAPE SCOTT 13.3 0.8 19 427.8 129 0 25 X 
CAPE ST.JAMES 7.7 0.8 12.9 1.0 0 .0 176.4 94 0 25 46 
CASnEGAR 1.9 0.2 10.4 -12.3 34-.2 113 80 .3 99 0 12 70 
COMOX 5.9 0.6 14.2 -1.3 1.8 22 188.9 98 0 17 X 
CRAN BROOK -2.6 -0,8 8,4 -20.2 51.8 221 60.3 181 7 13 61 

DEASE LAKE -11.1 -2.6 6.2 -29.0 88.2 2~ 69.9 238 38 14 4-8 
ETHELDA BAY 5.3 0 .1 12.5 -2.6 12.4 121 512.1 129 0 24- X 
FORT NELSON -17.7 -5.7 7.3 -31.5 26.0 91 22.6 99 29 7 79 
FORT ST.JOHN -9.J -3.3 12.3 -26.9 28.9 93 31.8 101 8 12 X 
HOPE 4.5 -0.2 13.0 -7.0 9. 8 se 479.2 214 0 21 25 

KAMLOOPS 1.3 -0.3 16.B -13.2 32 .0 275 27.7 125 0 7 94 
KELOWNA 1.0 -0.1 13.0 -14-.2 14.6 114- 30.8 117 0 8 75 
LANGARA 6.2 0.6 13.5 -0 .4 '4-.2 73 258.9 130 0 28 X 
LYTTOH 2.7 0 .1 13.8 -11.9 23.6 107 92.7 129 0 10 62 
MACKENZIE -7.0 -3.1 7.2 -24-.3 73.2 147 73.8 121 26 17 43 

MCINNES ISLANO 6.9 0.9 11.6 -2.0 1.4 23 450.6 146 0 24 X 
PENTICTON '3.1 0.1 13.5 -10.9 6. 3 81 17.8 74 0 6 80 
PORT ALBERNI 6.0 II 15.2 -1.7 • 357.7 • 0 17 31 
PORT HARDY 6.1 0.8 13.4- -2.0 0 .6 15 ~4-.J 185 0 23 33 
PRINCE GEORGE -4.5 -1.6 8.3 -26.1 67.0 169 81 .0 160 10 12 55 

PRINCE RUPERT 4.8 1.0 13.8 -7.2 12.8 145 354.0 131 0 24 28 
PRINCElON -1.0 -0.1 8.8 -1~.4 34.0 146 65.4 173 3 12 71 
QUESNEL -2.9 -1 .1 9 .0 -22.0 54.0 188 78.4 182 8 12 X 
REVELS TOKE 0.9 0.2 10.7 -11.7 68.4 133 138.4- 163 1 19 34 
SANDSPIT 6.7 1.2 15.4 -0.9 0.4 7 294.8 162 0 28 42 

SMITHERS -3.2 -0.9 11.5 22.9 80.5 209 67.8 116 12 14 2 
TERRACE 0 .8 0.5 13.1 -10.0 89 .0 182 187.5 103 2 19 25 
VANCOWER HARBOUR 6.8 0.0 12.6 0.0 0.2 7 269.3 126 0 18 X 
VAMCOWER INT1L 6.2 0.3 13.9 -2.3 175.2 116 0 19 65 
VICTORIA GONZ. HTS 7.4 0.2 13.8 -0.1 0 .0 160.1 167 0 16 70 

VICTORIA INT'L 6.4- 0.4- 15.6 -2.3 160.0 122 0 12 64 
VICTORIA MARINE 6.4- -0.2 12.6 -2 .4 0.0 287.4- 154 0 18 X 
WILLIAMS LAKE -3.3 -0.7 9. 3 -23.3 38.5 124 50.8 161 7 10 80 
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8URWASH -14.5 -1.1 9.2 -'4-0.3 
DAWSON -25.0 -6.9 0.2 -46.3 

96 3n,1 MAYO -20.9 -5.7 0.2 -42.9 
360.3 WATSON LAKE -18.2 -4.4 6.6 -38.6 

WHITEHORSE -11.5 -2.7 B.5 -34.0 
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338.8 
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• 309.& 
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363.3 ALERT -27.8 -1 .2 -10.1 -39.7 

• 620.2 BAKER LAKE -2s.s -5.2 -13.2 -35,1 
CAMBRIDGE BAY -71.3 -3.5 -1&.5 -3&.0 

79 871.4 CAPE DYER -21.3 -6.6 -8.5 -36.4 
368.8 CAPE PARRY -23.0 -4.7 -10.8 -35.0 

• 1072.0 
817.7 CLYDE -23,6 -6.2 • -11.5 -39.5 

85 405.2 COPPERMINE -2J.7 -4-.0 -11.2 -J8.0 
CORAL HARBOUR -21.5 -4.0 -9.3 -31.5 
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56 395.0 POND INLET -28.7 -5.1 -16.6 -'37.6 
* MSG RESOLUTE - 27.1 -2.6 -15,9 -36.1 

626.0 
81 514.0 SACHS HARBOUR 
65 338.5 YELLOWKNIFE -18.0 -3.9 -1.2 -31.3 

4 634.4 ALBERTA 
44 509.1) 

335.7 
~3 354.4 8ANFF -5.4 -1.5 11.5 -25.5 
84 319.0 8ROOKS - 5.8 -2.8 14.0 -26.0 

CALGARY INT'L -S.4 -2.7 16.7 -22.0 
82 34-9.2 COLD LAKE -10.5 -4.3 9.8 -25.5 

34-8.7 CORONATION -9.0 -4.1 13.4 -26.9 
109 639.2 

EDMONTON INT'L -8.9 -3.4 11.4 -26.9 
EDMONTON MUNI, -7.8 -4.1 11.3 -24.3 
EDMONTON NAMAO -8.5 -3.6 10.9 -24.1 
EDSON -9.3 -2.9 13.8 -32.2 
fORT CHIPEWYAN -16.1 -5.2 3.0 -32.0 
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FORT MCMURRAY -13.6 -5.4 6.3 -27.7 40.8 140 32.3 128 28 7 57 68 
GRANO[ PR41RIE -9.6 -3.6 14.0 -30.3 32.1 122 29-5 106 9 11 89 • 
Hl6H LEVEL -18.5 -7.1 8.4 -38.7 42.2 145 35.9 126 35 10 63 89 
JASPER - 6.0 -2.1 11 .0 -27.5 35.2 143 26.8 90 23 8 71 • 
LETH8FIIDGE -4.2 -3.4 1-4.-4 -27.5 30.6 162 37.5 223 0 8 108 92 

.MfOICINE 11AT -4.7 -3.1 13.9 -24.5 15.2 107 23.3 159 0 5 100 89 
PEACE RIVER -11.e -3.7 10.1 -30.3 21.7 98 23.7 118 8 10 X 
RED DEER -7.8 -3.2 12.7 -28.5 f2.7 84 11.9 78 2 3 X 
ROCKY MTN HOUSE -8.0 --4.4 13.0 -28.6 22.0 111 13.1 73 5 8 X 
SLAVE LAKE -9.9 -'.3.6 10. 1 -26,J 21.2 90 28.0 117 7 9 80 80 

SUFFIELD -4.9 -2.6 13.3 -24.0 10.1 72 14.2 97 5 93 76 
IHITECOURT -9.0 -2.7 10.5 -28.8 26.6 121 23.4 99 1 6 X 

SASKATCHEWAN 

BROADVIEW -8.9 -3.4 7.9 -25.5 9.6 64 9.6 71 0 * COLLINS BAY -18.6 -6.1 -3.2 -30.1 21.0 38 16.3 37 16 6 80 .. 
CREE LAKE -15.4 -5.0 1.5 -30.l 21.1 75 12.1 57 15 5 71 112 
ESTEVAN -6.2 -2.6 12.4 -22.5 13.4 89 14.2 87 5 83 69 
HUDSON BAY -11.6 -4.5 5.6 -31.3 22.6 80 20.0 80 11 6 91 • 
KINDERSLEY -9.1 -3 .9 11.8 -26.0 12.8 125 13.2 105 5 4 X 
LA RONGE -14.2 -6.3 6.0 -31.0 48.0 136 38.5 14S 20 12 X 
MEADOW LAKE -13.0 -6.4 9 .6 -33.8 27.8 147 27.4 127 13 6 65 • 
MOOSEJAW -0.0 -2.4 11 .0 -22.0 9.8 52 13.1 78 TR * 79 83 
NIPAWIN -11.2 * 7.0 -26.7 28 .6 • 17.1 * 9 6 78 • 
NORTH BATTLEFORD -9.5 -3.7 10.9 -27.0 31.3 228 26.8 187 6 7 X 
PRINCE ALBERT -10 .7 -3.5 10.0 -30.3 14.2 82 16.0 94 7 6 91 108 
REGINA - 8.1 -3.0 11 .2 -23.7 6.7 47 7.3 54 TR 4 79 75 
SASKATOON -9.0 -3. 3 9.7 -25.3 12.6 96 13.0 88 4 6 X 
SWIFT CURRENT -6.7 -3.0 8.6 -24.2 8.1 54 9.5 60 TR 3 84 76 

URANIUM CITY X 
WYNYARO -9.5 -3.8 7.3 -25.6 9.4 50 9.4 48 1 5 107 113 
YORKTON -9.7 -3.8 6.2 -24.8 9.6 49 a.a 43 4 98 108 

MANITOBA 

BRANDON -9.1 -3.4 8.2 -25.1 11.1 66 11.1 61 4 X 
CHURCHILL -19.0 -6.9 -1.9 -28.8 11.8 28 9,9 25 6 4 124 250 
DAUPHIN -9.2 -4.0 7.2 -25.5 26.3 109 28.6 113 J 97 103 
GILLAM -18.7 -6.9 -4.5 -31.7 13.4 30 6.4 20 10 3 X 
GIMLI -9 .9 -5.3 5.5 -24.7 54.6 190 54.3 182 14 8 119 125 

ISLAND LAKE -14.4 - 6.0 -0.7 -27.9 24.1 48 23.6 59 23 9 X 
LYNN LAKE -19.0 -6.7 -1 .6 -33. 3 12.4 33 14.8 45 11 1 * 
NORWAY HOUSE -15.1 * 1.7 -29.9 Tl.4 • 25.0 * 17 8 * • PILOT MOUND X 
PORTAGE LA PRAIRIE -8.4 -4.3 8.2 -24.3 51.7 449 44.6 151 3 7 X 
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721.4 WINNIPEG INT'l -9.6 -S.t 6.4 -26.3 47.4 
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ONTARIO 
680.0 
89'3.2 
772.4 ATIKOKAN -7.5 -2.9 6.8 -28.3 49.0 
779.6 BIG TROUT LAKE -15.9 -6.9 -1.0 -29.4 57.8 
837.7 EARLTON -5,3 -2.8 11.8 -24.0 45.3 

GERALDTON -9.4 -3.9 7.4 -28.9 56.8 
683 .8 GORE BAY 0.6 -1.3 13.5 -12.3 26.2 
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HAMILTON RBG 2.7 -1.8 19.2 -10 .0 22.0 
HAMILTON 1.5 -1.9 f7.5 -11.9 24.8 
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725.1 LONDON 1.5 -1.6 18.0 -12.9 16.6 
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MOUNT FOREST 
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SIMCOE 1.7 -1.9 18.0 -13.0 19.4 

825.0 
799.8 SIOUX LOOKOUT -9.0 -3.7 4.4 -26.2 64.4-
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QUEBEC 
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MONTREAL INT'l 0.3 -1 .7 16.2 -10.8 35.9 169 n.4 89 13 101 117 
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Environment Environnement 
Canada Canada 

Monthly review 

Winter in Retreat as Mild 
Paci fic Air Invades fro• the West 

ror most of central and west-
ern Canada December was a 1 most a 
complete reversal of the unusually 
co ld weather tha t dominated dur ing 
November. Abnormally low 50 kPa 
he ights in the Nort h Pac ific and a 
strong wes terly current across t he 
ocean carried mild Pacific ai r 
deep into t he heart of Canada (see 
di scuss ion of the uppe r at mos-
pheri c circulation on page 58). 

• 
I 

DECEMBER 

CLIMATIC HIGHLIGHTS 
by 

P. Scholefield, CCRM 

The areas with the largest pos i -
tive monthly mean temperature 
anoma 1 i es were located in the lee 
side of t he major mounta in ranges 
in Alberta, northern B.C. and the 
southwestern Yu kon. In th ese 
areas , the mild Paci fic a ir was 
fu r ther warmed adiabatically as it 
descended to lower elevations . 

The rather spectacular effec t 
of this comb ined ocean and adiaba-
ti c a ir mass warming can be seen 
by examining the graph of daily 
mini mum temperatures at White-
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horse . Note that minimum tempera-
tures dropped bel ow the seasonal 
mean on on 1 y two days, remained 
above freezing on two days and 
two dail y high mi nimum t empe ra-
tures records were set. Overa 11 
it was the 2nd warmest December 
(mean of -5 .1 °C ) experi enced 
in Whiteho r se (warmest mean of 
-3.9°C occur red in 1943). 

The mil d air great ly de-
pleted the snowc ov er across 
country. Valleys in southern 
B.C., southweste rn Yukon , most of 
the southern Pra ir ies and sou t h-
ern Ontar io had less t han 10 cm 
of s now on the ground at the end 
of December with many l ocat i ens 
reporting no snowcover at all. 
Fortunately most majo r ski areas 
st i 11 have enough s now to main-
ta i n operations. 

Cold Spell Continues in t he 
East and Nort h 

In the November monthly 
issue, t he areas affected by 
a 6- month col d spell were de-
l ineated . The 50 kPa polar vortex 
has per si s ted over Baffin Island 
being further south and more 
intense than normal. As a result, 
the col d spell in the Arctic 
Isl ands has extended to 7 months. 
Further south, the intrusion of 
mi l d Pac i f ic air te rminated the 
cold spe ll in Quebec, northern 
Ont a rio and north e astern 
Manitoba . The co 1 d spe 11 has 
continued though i n eastern New 
Brunswick, Pri nce Edward Island 
and Cape Breton , Nova Scot ia. 

Can d.l•I a a 
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DEPARTURE FROM NORMAL 
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MEAN TEMPERATURE 
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(°C) 
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ACROSS TIIE COUNTRY 

Yukon and Northwes t Territori es 

Record breaking warmth arr ived 
over the Yukon and the Ma ckenzie 
Va lley. The temperatures were 8 to 
12 degrees above normal in the 
Yu ko n. A readi ng of 12. 5 degrees at 
Burwash on Dece mber 9 was only half 
a degree s hy from the a ll-time high 
fo r the Yukon fo r Dece mb er. At 
Whitehorse, 9.5 degrees proved to be 
t he highest maximum tempe ratu re for 
any December . In con tras t , eas t e r n 
Arctic cont inu ed to endure very cold 
weather . The tempera tu res were 2 t o 
4 degrees be l ow nor mal ove r Baff in 
Island and Eu reka exper ienced the 
co ldest December t emperature of - 46 
degrees. 

Snowfall was well be l ow norma l 
ove r wes t ern Arcti c . At Whiteho rse, 
10 cm of s now was less than half the 
norma 1 amount; however , some l oca -
t i ans in eas te r n Arctic rece ived up 
to 3 t iw~s the ir normal amuun ts . 
Trapping f or fur i n the Yukon was 
ad verse ly affected by t he l ack of 
s now, snow s l ed cou l d not be used 
effec t ive ly on sca nty s now cover. 

Br it ish Coluabia 

A persistent southwesterly f l ow 
of maritime air mass produced very 
mi 1 d December across the Prov i nee . 
The t emperatures averaged about 2 
degrees above no rma 1 in southe rn 
British Columbi a and rose to 4 
deg r ees a bov e no r ma l ove r t he 
centra l areas . The northern t hird of 
t he Prov i nce was particul arl y mil d 
whe re the readings were 4 t o 9 
degrees above the l ong t erm ave r age. 
Bo th Fort Ne lson and For t St. John 
exper ienced t empera t ures t hat were 8 
degrees above normal . Cape Scot t ~nd 
Cape SL. J ames t i ed their record 
h igh monthly va l ues and lang ara 
establ ished a record for the mon th, 
6 degrees. 

r-ec1p itat1on was light a, 
mo~t of t p Prov,n P. ,::- uth~r1s• 
81 ,s 1n ng th ' .. 
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record of 19 days se t in 1952. The 
first sfgnlffcant s nowfall occurred 
nor th of 55°N between the 27th and 
2?th . Accumula tions were generally 
in the order of 30 c• but Fort Nel-
son recorded 53.2 cm which was near-
ly three t faes t he monthly nor•al. 

Prairie Provinces 

Oesp i te the invasions of co 1 d 
arc tic air at the beginning and end 
of the month, the weather was gener-
al ly pleasant, war• and dry. Several 
daily alniMu• temperature records 
were broken on the 2nd and 3rd when 
the 11ercury fel 1 below -10°c. Indian 
Summer arrived in Alberta on the 
10th and by the 12th af fected all of 
t he Prair fes. Most areas recorded 
t empera t u r es above 20 °C ( 25. 5 °C at 
Brooks and f ort McMur ray ). Genera lly 
we l l below normal precipitation 
in t he agri cu ltural regions allowed 
the harvest to resume . Despite t he 
fine harves t ~ea ther, the quality of 
grn in suffered fr om bei ng l eft in 
the fie l ds dur ing the pro longed wet 
spe 11. At the end of the mo nth , the 
mercury plunged rapidly t o -20°c and 
low daily t mpera ture records became 
ommonp l ace. Also the snow lin e moved 

~out hwa r d to i nc l ude southe rn 
AlL e r ta, southern Saskatchewan and 
centra l Man itoba. 

nt ar 10 

lhe heavy rains which plagued 
Ontar io s i nee June f i na 11 y eased up 
i n Octo ber. After th e wettest 
August - September period ever record-
d. the coo l , dry weathe r of October 

was a we l come relief. especia ll y for 
f arme rs. Monthly preci pita tion 
,1mounts we re at a be low norma l over 
rnos t of the pr ovince except jus t 
east of Lake Superior and in the 

treme south . Snowfall was general -
ly r estr ic t ed t o areas no rth of 
su bury. The first killi ng frost hit 
southern reg ions on t he 10th and 
1 1th , but no new records were set 
vcn though mean tempe ra t ures were 

bi>Jow no r ,1al. '"arm fie l ds sl owly 
d rt ~d out permitting harvest ing to 
r sume , although l and i n many areas 
·is sti ll t o wet to work on . on 
c t obe 6 str ong nor thwest winds 
ombined i th record h igh wate r 

l~ e ls t o produce 2 metre high waves 
a ,)ng the shores o f Lake Huron and 
s uther n Georgi an Bay. Th; s caused 
- ns i derab le damage to l a"-.efront 
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C IMATIC 

MAN T MP ERATURE: 
WARMEST 

CO LDEST 

HIGHEST TEMPERATURE : 

LOWEST TEMPERATURE: 

HEAVIEST PR EC IPITATION: 

H[AVIEST SNOWFALL: 

OlfP[Sl SNOW ON THE GROUND 
ON OC TOBER 31s t, 1986: 

GREATEST NUMBE R OF BRI GHT 
SUNSHINE HOURS: 

SANDSPIT, BC 

EUREKA , NWT 

PR INCETON, BC 

EUREKA, NWT 

PR INCE RUPERT , BC 

CAP E DYER, NWT 

CLYDE, NWT 

LETHBR IDGE , ALT. 

ICE COM>IT IONS IN CANADIAN WATERS 
Andy Radomski, CCRM 

48 

12. 0°C 

-25. 8°C 

2s .6 °c 

-39.9°C 

67q ,7 mm 

136.6 cm 

33.0 cm 

208 hours 

Eastern Arct ic : Throughout t he summer season, temperatures in 
the easte r n Arct ic have been coo ler t han nor mal. This pattern con-
tinued th r ough the month of October, with readings averaging 5 °c 
below normal. As a result of this trend, f reeze- up is si gn ificant ly 
more advanced, approx imate ly 1 to 2 weeks ahead of norma 1. By the 
end of October , Lane aster Sound was tot a 11 y covered by first yea r 
ice , as was mos t of fox Basin. Old and second year ice had drifted 
into Barrow Strait and Viscount Melville Sound . The southern half of 
Raff in Bay was comprised of bergy water. 1 f the co 1 d temperature 
trend continues t hrough November, pack ice , which now covers north-
ern Baff in Bay s hould spread southwards to Hudson Strait shortly 
after the middle of month. Canada 's most powerful ice breaker, the 
Lou i s St. Laurent, rema ins in Lancaster Sound, awaiting the schedul-
ed arri val of the M.V. Arctic around mid-November, after wh ich time, 
the 1986 Arct ic shipping season wi 11 close. New ice has formed in 
the s ha ll ows of Frobisher Bay, which will become totally ice covered 
by mid- November. 

Western Arctic: Freeze-up in the Beaufort was near norma 1, 
the combi nation of a mild summer and cooler than normal temperatures 
dur ing the latter half of October. The Arct ic ice pack was situated 
120 km off the Tuktoyatuk Peninsula . Between the main pack and the 
coast, grey-white firs t year ice was evident. Fast ice has formed 
along the Tuktoyatuk Peninsula and in the shallows along the south-
ern Arctic coas t 1 f ne. With te11peratures expected to r ema i n in the 
seasons 1 range, fast ice wi 11 continue to spread and thicken a 1 ong 
the co Ast. The ice wi 11 con so 1 f date in Queen Maud Gu 1 f and Corona-
t 1 on Gu 1 f by mid-November, and in Admundsen Gu 1 f after the end of 
th month . 

Hudson Bay: Freezing degree-day accumulations over Hudson Bay 
and Hudson Strait are aaongst the hi ghest on record. As a resu lt, 
ice has developed rapidly thi s month . By month's end new ice covered 
the northern half of Hudson Bay, wh ile new and grey ice was spread-
ing south~ards to Jaaes Bay along the western s horeline . If the cold 

othe r continues Hudson Bay wtll be totally ice covered by the end 
of No e ber. J ce ha s spread s ead 1 l y east ·ards and "'O covers the 

t o ·hirds of Hudson Strait. 

homes, cottages and stores. In an 
effort to l ower lake level s the 
outflow of water from Lake Ontar io 
has been increased by 26%. Thi s has 
caused the vo 1 ume of fl ow in the 
St. Lawrence river to surpass that 
of the Miss iss ippi, in Oc t obe r. 

Quebec 

For the past several months 
the trend in Quebec has been to-
wa rds cooler temperatu r es . Almost 
eve ry station r eported monthl y 
means be l ow normal . There were 
several arctic outbreaks accompani-
ed by snow and co 1 d tempera tur-es 
espec ially over the north . Ni gh v-
t i me tempera tures p I L. 1ged be I ow 
fre ezing throughout the prov .nee 
and , in the nor th, be lo f 1·eez i ng 
temperatures pe,·s is Led a I dcly fo r 
mos t of the ~eek . Ku~Jjuaq and 
Gaspe had the co 1 des t mean ,,1cr1 th 1 y 
temperatures since 1972. Eve~ 
though precip i tati on was below 
normal (except for the east-centra l 
region) s now was recorded as far 
south as Ottawa- Hu 11 . At I nukj uak 
snowcover accumu lati on reached 64 . 8 
cm which was 1 . 5 cm greater than 
the previous October reco rd set in 
1933. 

Atlantic Provinces 

Cold weather continued in the 
mar it i mes where month 1 y mean tem-
peratures were below no rmal for t he 
5th consecut ive month. In most 
localities, it was the coldest 
October since 1974 . Numerous weath-
er systems passed through the At-
1 antic Provinces because of the 
strength of the upper level flow 
and the more easterly position of 
the upper leve l trough of f the 
coast. These sy ste ms produced 
s trong wi nds al ong with precip ita -
t ion. On Oc t ober 6, ·n Nova Scotia , 
a line of thunderstorms spawned 
ei ther a tornado or a waterspout at 
Dub 1 in Shore causing some damage. 
At Nain , Labrador on the 25th, wind 
gusted to 128 km/h. Prec ipitation 
amounts we r e generally below 
normal. Reservoir levels in Nova 
Sco t ia dropped 5% to leave them at 
41% of t heir capacity. Over Lab-
rador, col d te mperatures wer P 
partly compe~sated for by we11 
above nor a' a~o unt s of s~~sh r.~. 
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The mean upper l evel circula-
tion for October continued to 
in t ensify as t he seasona 1, north-
ern hemisphe ric cooling continued. 
The geopotentfa l hei ght falls 
re l ated to this cooling were most 

igni ficant at h igh latitudes 
parti cularly over northeastern 
Canada. The monthly mean map shows 
a pronounced arctic vort ex over 
Ell es mer e Is land which had shifted 
~ou thward fro m its position last 
month over the north pole . There 
h., also b en a str ngthening of 
the pe rsi stent wave f eatures over 
North America; that is ,. the ridge 
ovc,, t he west coas t and the exten-

i v e trough over eastern Canada. 

MEAN 50 kPa CIRCULATION 
OCTOBER 1986 

Alai n Cai l let, CCRM 

The Pacific coast ridge re-
established a more or less normal 
position with its axis just inland 
f rom the B.C. coast. It became a 
more pronounced feature than usua l 
dominating the maritime flo w 
stream as far south as 40°N. Des-
pite a progressively slow dis-
placement towards the east its 
position was quite stable through-
out the month as indicated by t he 
10 dam posi t ive he ight anomaly 
over the west. 

The Canadian t rough progress-
ed eastward with its axis ly ing 
along the west coast of Green land 
and extending southward into the 
wes tern At lantic. Thi s pos ition is 
30° east of i ts normal pos it ion 

over Labrador. Also i t expanded 
southward to dominate the whole 
north Atlantic. The deepening and 
southward movement of the polar 
vortex caused an intensification 
of the gradient over eastern 
Canada and gave a more northerly 
component to the arctic f 1 ow 
stream over eastern Canada . 

The surface temperatur e 
anomalies corresponded well with 
the upper height anoma 1 i es; that 
is above norma 1 in the west and 
be low normal in the east. Desp i te 
the f low of air of f the Pacific, 
t here was very 1 it t 1 e rain a 1 ong 
the south coast of B.C . because of 
t he strong anticyc l oni c character 
of t he flow . 





· SNOWFALL 
S N O W F A L L 
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SEASONAL SNOWFALL 
TO END OF 

OCTOBER 1986 

(cm) 

WATER EQU IVALENT OF 
SNOW COVER 

OCTOBER 1986 

(mm) 

SEASONAL SNJWfALL TOTALS 

TO END Of OCTOBER 

1986 1985 

YUKON TERR ITORY 
Wh itehorse 30 . 8 33.6 
t«>RTHWEST TERRITOR IES 
Cape Dyer 22.7 45 .2 
Inuvik 41.0 24.7 
Yellowknife 11 .8 46 . 8 

BRITISH COLUMBIA 
Kamloops 0.0 0.0 
Port Hardy 0 . 0 0.0 
Prince George 0 . 0 15. 5 
Vancouver 0.0 0 . 0 
Victoria 0.0 0.0 

ALBERTA 
Calgary 12 .3 13. 0 
Edmonton Namao 6. 2 10.3 
Grande Pra irie 8 .4 7.7 
SASKATCHEWAN 
Estevan 0. 8 16.8 
Regina 5.2 17.2 
Saskatoon 3 . 0 6 . 2 
MANITOBA 
Brandon 0.5 29 . 3 
Church i 11 40.2 36. 1 
The Pas 5.2 23 . 9 
Winn ipeg 0. 0 14 .2 

ONTARIO 
Kapuskasing 37 . 4 12 . 2 
London o.o 0 .0 
Ot tawa 0.2 0 . 0 
Sudbury 1.6 0.0 
Thunder Bay 10. 0 11 . 6 
Tor onto 0.0 0.0 
Windsor 0.0 0.0 , 
QUEBEC 
Baie Comeau 3 .0 0 . 0 
Montreal 0. 0 0.0 
Quebec 0.0 0 . 0 
Sept-Iles 1.0 15. 9 
Sherbrooke 0 . 0 0.0 
Val-d' Or 9.0 4 . 4 

NEW BRUNSWICK 
Charla 1. 0 0.2 
Fredericton 0.0 0 . 0 
Moncton 0.0 0 . 0 
NJVA SCOTIA 
Shearwate r 0.0 C, • 0 
Sydney 0 0 ?.; 
Yarmouth 0.0 0 . 0 
PRrNCE EOWARO ISLANI) 
Charlottet own 1. 0 8.8 
NEWFOUNDL»!D 
Gander 25 .8 28.0 
St. John' s 2.2 11. 0 

(CM) 

NJRMAL 

21 . 4 

54.3 
53. 0 
26.7 

0.4 
0 .2 

10.4 
0.0 
0.0 

19 . 4 
9 .7 

16.3 

8.2 
10 .0 
10.4 

6. 7 ...,.-r 
35 , r 
11 . 7 
5. 4 

23 .5 
1. 9 
2 . 7 
6 . 5 
3.3 
0 . 9 
0 . 1 

6.~ 
1. 7 
4 . 4 

10.6 
5.6 

15 . 7 

5 . 8 
2. 3 
3. 1 

1. 7 
2 . 6 
1 . 9 

2. 6 

12.3 
Q. 4 





S[ASONAL TOTAL Of HEATIIE 

DEGREE-DAYS TO END Of OCTOBER 

1986 
BRITISH COLllimlA 
Ka~loops 440 
Pentf cton 453 
Prince George 836 
Vancouver 401 
Vic toria 48 4 

YUKON TERRITORY 
Whitehorse 1150 
t«>RTIMST TERRITORIES 
rrob1sher Bay 2020 
Inuvik 1565 
Ye llowknife 1095 

Al8£RTA 
Ca lga ry 793 
Edmonton Mun 716 
Grande Prairie 840 
SASKATCHEWAN 
Es tevan 616 
Re gina 692 
Saskatoon 720 
MANITOBA 
Brandon 746 
Church ill 1498 
Th e Pas 827 
Winnipeg 614 

ONTARIO 
Kapuskasing 
London 
Ot tawa 
Sudbury 
Thunder Bay 
Toron to 
Windsor 

. 
QUEBEC 
Ba fe Comeau 
Montreal 
Queb~c 
. . ' . •' 

f, • 

,>ttt.: r br ook e 
VAl-d'Or 

Nt W BRUNSWIO( 
Charlo 
Fr eder icton 
Monc ton 
t«>VA SCOTIA 
Ha lifax 
Sydney 

978 
405 
520 
697 
768 
445 
265 

1015 
51 2 
685 

"'I , ·~ t .. ; 

702 
945 

848 
684 
700 

551 
699 

Yarmouth 600 
PRIJCE EDWARD ISLANl 
Charlotte own 656 
NEWFOUM>LAM> 
Gander 901 
St . John 's 894 

1985 tl>RMAl 

473 436 
495 427 
966 897 
455 436 
485 501 

1333 

1744 
1853 
1384 

928 
869 
997 

722 
81 2 
813 

851 
1415 

934 
714 

745 
346 
401 
566 
71 2 
367 
250 

801 
383 
502 
;. '; 

561 
409 

621 
512 
5 10 

427 
506 
502 

474 

782 
755 

11 42 

1827 
1637 
1124 

769 
732 
843 

588 
669 
691 

650 
1351 

79 0 
590 

821 
383 
451 
614 
700 
38 1 
282 

872 
40 1 
554 
, ,, ( , / , 

664 
795 

615 
524 
535 

431 
502 
505 

495 

728 
731 
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E N E R G Y E Q U I R E M E N T S 

Values equal pcn:entage of normal 
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Values equal percentage of norma l 
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More than or equal to 110% of normal 
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HEATING 
ENERGY REQUIREMENT 
SEASONAL TOT Al TO 

END OF 

OCTOBER 1986 

HEATING DEGREE-DAYS 

HEATING 
ENERGY REQUIPEMENT 

FOR 

OCTOB :.R 1986 

HEATING DEGREE DAYS 





FEATURE 

The Canadi an Cl i ma te Centre 
con l i nues t o be invo lved in s up-
port f ng t he f eder a l Pane l on 
ncrgy Research and Development 

{P ERO ) . 
The obj ecti ves of the PERO 

proj ects are ( 1) to deve lop new 
me tho do 1 og f es to inf er cl f mate 
des ign parameters such as mari ne 
wi nds , ic ing and desi gn s torms, 
and (2) to deve lop climate in for-
ma ti on systems and data bases 
r equ i r ed for dec is ion mak ing. Th is 
information will be of use to 
des ign enginee rs and operationa l 
pl anners , as well as government 
r gulatory agencies . 

The bu l k of the work is con-
tracted out to consu l tan ts i n 
pr ivate industry , both i n t he 
meteoro log ica l fi e lds and compute r 
systems. Cont r ac ts were awar ded t o 
10 differe nt compan ies in 1985/86 . 
A considerable amount of work i s 
a l ~o done in t he Cl i mate Cent r e, 
1rcluding work on t he east and 
wr ~t coast marine at l ases, organi-
1a tion of the International Work-
shop on Of fs hore Winds and Ic ing, 
and in t he deve l opment of hindcas t 
procedures . The progr ams are co-
ordi nated bot h withi n Atmospheric 
lnvironment Service, and other 
gove rnment departments . 

Maj or achi evement s in ma r ine 
me teo rol ogy have been made in t he 
past year . A part ia l l ist is g iven 
below. 
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OFFSHORE ENERGY 

V. R. Swa i1 
Hydrome teorology and Marine Di vi s ion 

organ iza tion of the Int er-
national Workshop on Of fshore 
Winds and Icing, with 70 par-
ticipants from 6 countr ies ; 
implementation of g l obal 
marine data base; 
implementation of global and 
regional sea ice data bases ; 
development of a climat e 
information system for sea ice 
(CRISP); 
comparative climatology of 
world offshore explor ati on 
area; 
studies of c l imate va r iab il ity 
and cli mate change; 
severe s t orms ca t a 1 ogue of 
Hudson Bay and Foxe Bas i n; 
f i el d measuremen t s of rig 
i ci ng off the eas t coas t dur-
ing GASP, and at Green Is l and, 
B. C. ; 
assessmen t and documentati on 
of appr opri ate ex t r eme va l ue 
ana 1 ys is pr ocedures for env i -
r onmental par ameters; 
east and wes t coast coast 
mari ne environmenta l atlases . 

A large number of repor ts are 
ava i 1 ab 1 e resu 1 t ing f rom the wo rk 
done to date under PERO funding . 

Stud ies which ar e unde rway i n 
1986/ 87 inc l ude a cl ima t ology of 
wi nd gusts over water, a mar i ne 
i c i ng modelling s tudy ( i ncludi ng a 
fie ld progr am for r ig ic ing) , wind 

h i ndcas t i mpr ovements, establish-
ment of an operat iona l versi on of 
t he CRISP system, in consul t ation 
wi th Ice Branch, and a sto rm cata-
logue for the wes tern h igh Arc t i c. 

Work pl anned fo r f ut ure yea rs 
inc ludes further devel opment of 
the CRISP sys t em, pr oduction of 
sea i ce statistics, wo rk on spray 
and i cing modelling, temperature 
and windchill des i gn val ues , study 
of Arctic i ns t ab ility lows, stud-
i es of comb i ned envi r onmenta l 
loads, incorpora t i on of rn i era-
compu te r and sate 11 i te t echno 1 ogy 
into climate anal ys is systems, 
f ie l d prog rams for ici ng and wind 
measurement , and i mp r oved physi cs 
and ap pl icatio n of hindcast 
models . 

There are two main issues 
r ela ting to work on offshore 
energy programs. Funding th r ough 
PERO wi 11 1 ikely dec rease over th e 
next few years despite our at-
tempt s t o the contrary. Should 
th 1s fun ding be terminate d, th~ 
impacts on the deve l opmen t of 
marine meteorology and c l i matology 
would be catastroph ic. Second, 
t here has been no real effor t 
(o the r than one con tract f or pr e-
1 imina ry work) aimed at quant i fy-
ing t he magn i tude and effec t s of 
c l imate change on offshore activ i-
ties as the re has been for 1 and 
app lica t ions . 
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Highlights .. . continued fro• 18 

Another Wet Month in Alberta's 
Orybelt 

Despite warm dry conditions 
th roughout most of October, heavy 
r a ins fell over southern Alberta 
ear ly in the month of the 1st and 
?nd and again on the 1 as t day to 
push the month 1 y t ota ls we 11 above 
normal for t he second month in a 
r ~~- These rains were bene f icial in 

1 OB 

increasing soi l moisture reserves 
whi ch are critical to the agr icu l-
tura 1 industry. 

Cold Spe 11 Continues over Eastern 
Canada and Intensifies over the 
Northeast 

One na t ur a 11 y expects co 1 d 
weather over Baffin Isl and and 
no rthern Quebec in October but it 

has been abnormally cold this year 
due to the pos i tion and int ensity 
of the Arct ic vortex wh i ch has been 
dominating the upper level flow 
over the region. Frobisher Bay was 
into its 6th consecutive week wi th 
below norma 1 temperatures. E 1 se-
where in th e east, most of Quebec 
and the Maritimes r ecorded the i r 
5th consecutive month with be l ow 
no rma l temperatures. 
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STATION 

YUKON TERRITORY 

~~l~ti1A 
BURWASH 
DAWSON 

AB&onroRo 11.2 t. l 21.3 0.3 o.o 102.S 6~ 0 5 156 114 21 3,2 MAYO 
ALfRT BAY 11.4 2.1 18.3 3.2 0 .0 198. 8 94 0 13 X 20-4.2 WAJ'"SON LAKE 
AMPHJTRfTE POINT 11.6 1.0 16.9 6. 3 0.0 16 U 4-4 0 e X 196.2 WHITTHORSE 
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COMOX 10.4- 1.2 19.0 2.0 0.0 27.0 21 0 5 X 235.1 ALERT 
CRAN BROOK 6..2 0.3 19.1 - +.9 o.o 28.6 156 0 6 107 * 373.1 BAKER LAICE 

CAMBRIDGE BAY 
OfASC LAKE 2.8 1.5 16.J - 19.5 18.5 105 84.4 239 12 14 59 67 470.3 CAPE DYER 
ETHf U>A &AY 10.1 2. 1 17.3 1.3 0.0 4 10.7 101 0 21 X 210.2 CAPE PARRY 
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CORAL HARBOUR 
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PRINCE GEORGE t5.7 u 18.9 -12.5 o.o 26.0 43 0 e 145 t32 352.0 MOULD BAY 

NORMAN WELLS 
PRINCE RUPERT 10.8 2.9 16.1 - 0.2 0.0 674.7 184 0 27 66 101 'n. 0.7 PON O INLET 
PRINCETON 7.4 0.8 25.6 -5.2 o.o 9.2 40 0 3 208 * RESOLUTE 
QUESNEL 7.0 1. '3 :.!:l.3 -9 .• 1.2 19 2 6. J 54 0 6 X 34 0.9 
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VICTORIA MARINE 10.1 0 .2 20.1 3.0 0 .0 57. 1 43 0 6 X 24-l.2 CORONATI ON 
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-0.8 1.1 20.2 -19.5 12.2 '5 17 .'4 
0 .-4. o. 1 18.7 -18.5 13.8 86 15.2 

-10.8 -5.8 1.0 - 23.4 17.0 42 1.4.CI 
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R>AT WCIIUJRRAY 3.8 0.5 24.5 -14.0 0..2 96 71.1 98 3 137 110 441.1 
GIAHI)[ PRAIRlt ~.8 1.6 23.1 - 1t.O GA S4 11.7 47 3 5 144 • 3~.7 
l116H ~fL l.O - 0 .J 19.e - 2~.• 17. 0 111 J4...4 234 10 5 119 8 3 526.7 
JASPER 6.9 2.2 20.5 -11.4 10.2 3'4- o 4 16t • 343.7 
l.ETif8RlOGE 8.6 1,1 2+.4 - fJ .O 20.6 176 17 .. 8 212 3 8 208 118 294.0 

Mf0ICtNf HAT 8 .7 1.3 2<4-.2 - 12.1 8..8 110 2,.1 154 4- 4- 20~ 118 289.2 
PEACE RIVER 4 .~ o.e 22.9 -21.0 ~.9 269 32.4 162 f3 6 X <4-17.3 
RED 0£ER 6.4 1.8 24.2 -10.2 0.6 5 11.5 104 5 X 356.9 
ROCKY i.f™ HOUSt 6.3 1.4 23. 8 -11.7 1.0 6 12.4 54 3 X 363.1 
SLAVE LAI(( 4.7 0.6 20.1 -11.2 17.4 110 33,6 132 9 6 16-4 110 412,7 

SUf'F1ELD 8 .4 t.4 24.0 -11.0 9.3 13 ~ 18.i t:24 5 2 198 100 293 .9 
WHrTECOVRT 6.4 3.o 22.8 -12.0 6.1 39 H.3 160 2 7 X 361.0 
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COLLINS BAY -1.0 -0.1 15.4 -18.1 36.S 120 +2.9 113 11 9 100 • 235.5 
CRE.E LAKE 1,5 - 0. 1 18.7 -14.2 16.6 112 38.5 1n 4 4 118 121 511.4 
ESTEV~N 6..7 0 .3 23.9 - 7.6 0. 8 11 20.4 92 0 3 183 t7 348.4 
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llEGINA 5.9 0.7 23..2 -10 .9 5.2 63 11.8 62 2 4 201 f19 374.1 
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I X 
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QUEBEC NOVA SCOTIA 

8AGOTVIL1.£ 3.6 -t.7 15.0 -7.9 7.6 6-4 64.9 111! 13 X 447.0 
8-'IC COMEAU 3.1 -1.2 1~.5 -tl.O 3.0 49 60.4 67 0 15 116 • ~1.8 
BLANC !.ABLON 1.9 - 2.0 12.0 -10.4 5 .0 ,~ ~.o 69 0 to 140 • CHl80U6AMAU 0.9 -1.7 ,~.7 -10.8 40. 8 176 94. 0 109 f7 69 97 528.7 
GAS PE 3.8 -,.o 16.2 -11.8 6.6 132 50.6 55 0 10 113 • 437.9 
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VAL O'OR 3.1 -1.5 14.8 -10.3 9.0 , 2 105.4 128 0 14 90 101 -463.2 

CHURCHILL FAUS 
COMFORT COVE 
DANIE.L'S HARBOUR 

NEW BRUNSWICK DEER LAKE 
GANDER INT'L 

CHARLO 4.3 -t.5 15.8 -7.~ 1.0 f7 59.7 72 0 11 130 10, 421.7 
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~Rrn~i OLU BIA 
AGASSl7 12.2 t. 3 21.0 1.0 0.0 113.0 64- 0 
KAMLOOPS 
SIDNEY 
SUMMERLAHO • 20.0 1.0 0.0 12.8 73 0 

ALBERTA 
BEAVfRLO0G( ,.o 1.6 2 J.0 -18.0 3.0 19.0 66 2 
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