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DEPARTURE FROM NORMAL 
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Across the country 11 
:!lllilf ]'.Ifll]liitii!X:#.~.§#:::::.=iJjJf !t-:.?ZJ:i\:Jii; 
Mean monthly temperatures across the 
Territory ranged from 2·c below to nearly 
6·c above average for the month of March. 
The wannest temperature readings were 
registered at Carmacks, Drury Creek, 
Haines Junction, Johnson's Crossing, Ross 
River and Tuchitua; they all reached 1 o·c, 
at one time or another this month. How­
ever, many stations still managed to regis­
tf'J' minimums in the minus thirties. The 
cold spot goes to Ogilvie at .39·c. 

The snowiest area, compared to the 
long-tenn nonnal, was along the nonh 
slope, with more than twice the expected 
snowfall at Shingle Point The other are.a to 
receive more precipitation than usual was 
Mayo. Many southern locations receive.<! 
less than half their respective allotment of 
rain and snow. Monthly precipitation totals 
were less than 5 mm at most Yukon sites, 
with the exception of the few stations that 
reponed above average amounts. These 
stations had roughly 10 to 15 millimetres 
of precipitation, with the greatest total oc­
curring at Klondike, where 27 .4 mm was 
reponed. 

:i::f tttt!iP t-~~~e~:(:r~f.~-~!:~t_i_,~·: :::::: ::}'.}JI 
In the Mackenzie Valley and Great Slave 
Lake disaicts, temperatmes averaged as 
much as 1·c above normal. All-time 
monthly mean highs were established at 
Yellowknife, Fon Smith, Hay River, Fort 
Simpson and Nonnan Wells. There were 
also a few monthly high minimum tem­
perature records set in the western Arctic. 
These included: Fon Simpson, -2s.s·c; 
Norman Wells, -25.8.C; and lnuvik at 
.31.9·c. Yellowknife, which did not regis­
tf'J' -40•c all winter - a rather WlUSuaJ phe­
nomenon - set an all-time record daily high 
for March, 9.3·c, on the 23rd. The pre­
vious high was 8.9·c in 1973. Due to 
wanner weather, winter ice roads were 
gradually being closed for the se.ason. 

Precipitation was below normal 
throughout the Mackenzie Valley, with 
Hay River receiving only 4 mm, compared 
to a nonnaJ of 18 mm. Yellowknife re­
ceived slightly more moisture than nonnal. 
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Fon Smith reponed 25 hours more sun­
shine than nonnal and Fon Simpson was 
up 22 hours. Elsewhere, across the Terri­
uxy, hours or bright sunshine were slightly 
below nonnal. 
· In the Keewatin, a nonhwesterly circu­
lation dominated, keeping temperatures 
colder. as compared to the west Although 
this pattern was interrupted by a couple or 
milder days during the month, blizzards 
were common. 

The Baffin region was generally clear, 
but several weather systems gave light 
snowfalls to the southern and nonhwestem 
sections. A few bliu.ards also affe.cted Baf­
fm Island. Temperatures generally ranged 
from the minus teens in the south, to lows 
near the minus f ony degree mark in the 
north. During the March 20 weekend, a 
group of school children got caught in a 
blizzard between Lake Harbour and 
Iqaluit, on southern Baffin Island. A rescue 
eff on was mounted and they all were found 
unhanned. 

The western Dew line sites experienced 
several blizzards, with winds more com­
mon in the Paulatuk area than in the Pelly 
Bay region. Varying amounts of snow were 
reponed. Temperatures in the western sec­
tions often rose into the minus teens, while 
the eastern areas frequently saw lows near 
the minus forties. 

The high Arctic was often clear and 
cold, with Eureka frequently registering 
less than -4o·c. 

Two monthly temperature records were 
broken during March, Hall Beach with a 
low of -48.s·c and Balcer Lake with a high 
of -0.s•c. Month-end snow depths at Baker 
Lake and Hall Beach were 84 and 50 cen­
timetres, respectively, which are above 
normal by 29 and 9 centimetres. Copper­
mine had a whopping 100 cm of snow on 
the ground at the end of March. 

March started out on a mild · note, as a 
southwesterly flow brought rain to the 
north and central coasts. The remainder of 
the month was spring-like, with wann days 
and cool nights. Precipitation returned to 
the coast after mid-month, but amounts 
were near ncxmal and it remained mild, 
cspeciall y in the extreme northeast 
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TOTAL PRECIPITATION 
(mm) 

MARCH 1993 

PER CENT OF NORMAL 
PRECIPITATION 

MARCH 1993 
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CUMA TIC EXTREMES IN CANADA • MARCH, 1993 

Mean temperature: 
Highest Ab~ford/Hope, B.C. 7.9°C. 

Coldest 

Highest tern perature: 

F.ureka, N.W.T. -36.6°C 

Dauphin, Man. 24.2°C 

Lowest temperature: Eureka, N.W.T. -48.9°C 

Heaviest precipitation: Amphitrite Point, B.C. 362.9 mm 

Heaviest snowfall: Gander lnt'I A, Nfld. 163.8 cm 

Deepest snow on the ground 
on March 31, 1993 Cartwright, Nfld. 177cm 

Greatest number or bright 
sunshine hours: Baie Comeau, Que. 213 holD'S 

Precipitation varied considerably across 
the province. The central, nonh coast and 
Rocky Mountains were wetter than nor­
mal, with amounts running 150 percent of 
average. Vancouver Island also had well 
above-nonnal precipitation. In contrast, 
the Peace River and districts nonheast 
along with the Thompson were very dry, 
with only 10 percent of their nonnal pre­
cipitation. 

Snowfall was below nonnal in most 
areas, with the central interior and the 
south having less than half of their nonnal 
snowfall. Only the Columbia and the west­
ern sections of the Chilcotins were above 
average, with amounts of 150 and 125 per­
cent of normal, respectively. 

Although precipitation was near or 
above nonnal, there is still cause for con­
cern in many areas. Preliminary data from 
the B.C. Ministry of Environment Snow 
Cow-se network indicated many mountain 
snow packs were only 60 to 80 percent of 
average in early April. Although these 
figures indicate an improvement of 5 to 10 
percent over March I, water restrictions 

remain a topic of discussion in many south 
coast urban areas. 

Sunshine was near or above average 
across the province. The interior was 
-generally 110 percent of normal, with the 
areas around Dease Lake and in the west­
ern· central interior receiving up to one 
quaner more sunshine than nonnal. 

The lack of gale-force winds also re­
flected the benign weather during the 
month of March. 

A ridge of high pre~ maintained sunny 
skies and above-normal temperatures dur­
ing the early part of the month, with 
numerous record maximum readings 
broken during the first week. 

On the 8th, a vigorous winter stonn 
crossed the southern two thirds of the prov­
ince, depositing much needed moisture. 
Highest amounts, 20 to 25 centimetres of 
snow, were reported from Jasper to Wetas­
ki win. By the 11th, an Arctic front 
slumped southwards, ushering coole.r tem­
peratures and more light snow. The front 
continued to slide southwards, with a cold, 
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dry air mass spreading across most of the 
province. 

Another Pacific disturbance pushed into 
the southern half of Alberta by the middle 
of the month, bringing with it much needed 
moisture. Snowfall amounts along the 
mountains ranged from 65 cm in Watenon 
~ to 20 cm at Jasper. Across the grass 
lands snowfalls ranged from 5 10 10 cen­
timetres. An Arctic ridge brought winter 
temperatures to the whole region, with new 
record minimums set 81 Rocky Mountain 
House (-29.0·C) and Jasper (-26.t ·C), on 
the 16th. 

As spring arrived on the 21st, so did the 
record warm weathe.r. Numerous records 
were broken, with Medicine Hat being the 
first to climb into the twenties, but rain and 
flurries we.re reporte.d in the mountains, 
with the Jasper town site receiving 10 mm 
of rain, while Mannot Basin reported 22 
cm of snow on the 23rd. 

On March 26, the attention shifted 
southwards to a developing snow stonn in 
the northwestern States. The initial surge 
of moisture gave Calgary a record snowfall 
for March 26, of 10.2 cm, with the snow 
spreading as far north as Red Deer. The 
snow continued until the 28th, with Coro­
nation having a four-day record snowfall 
of 40 cm. In contrast, nonhem regions re­
mained sunny and warm, with High Level 
setting a new record maximum on the 28th. 
Cloud, scattered showers. and flurries 
dominated the weather across much of the 
region at the end of the month, while the 
mountain parks enjoyed double digit tem­
peratures and sunshine. 

The month was mild throughout the re­
gion, but precipitation was highly variable. 
~any areas saw daytime temperatures 
peak in the high teens or low twenties at 
lr.ast ~nee dming the month. However, the 
area with the greatest snow cover, south­
tastem Manitoba, did not reach double di­
gits at all. 

At Dauphin, Man., mild weathe.r rapidly -
melted the scant snow cove.r. and prompted 
a local golf course operator to open the 
golf course for the season - perhaps the 
earliest opening eve.r. However, only days 
after the course was opened, 1 S to 20 cen-
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tirnetres or snow buried the town of Dau­
phin. This same storm also affected south­
ern Saskatchewan, with 15 to 25 
centimeb'es or fresh snow. The 25.0 cm 
that fell at Broadview, Sask. was the hig­
hest single day March snowfall since that 
station opened in 1938. Total precipitation 
amounts varied, from almost three times 
the normal in parts of southern Saskatche­
wan, to no snow, in west-central Saskat­
chewan. The areas with above~normal 
precipitation were the southern third of 
Saskatchewan, the southwest comer of 
Manitoba and a smaJI are.a nonhwest of 
Thompson, in northern Manitoba. More 
than twice the normal fell near the Alberta 
border of southern Saskatchewan and 
south of the Trans-Canada Highway to east 
of Moose Jaw. Less than half of the normal 
p~ipitation fell across central Saskatche­
wan, west-central, southeastern and north­
eastern Manitoba. 

Sunshine amounts were generally with­
in 10 hours of normal, although a few sites 
were sunnier than average by up to 25 
hours. Kindersley taJlied the least sun­
shine, with 150.3 hours, while Cree Lake 
tallied the most, 209 .6 hours. 

March came in cold and wintry and re­
mained lion-like, especially in the south, 
until the final few days of the month. In 
addition, like the February before, the bulk 
of the snow and stonny weather was con­
fined to the southern ponions of the prov­
ince, with eastern Ontario, in particular, 
receiving near-record snowfalls. 

Monthly mean temperatures were 1 to 2 
degrees colder than nonnal south of Lake 
Nipissing, giving most of southern Ontario 
their coldest March since 1984. However, 
in nonhem Ontario, relatively mild mean 
&cmperatures prevailed, resulting in the 
mildest March for at least 3 years. 

Snowfall portrayed a similar pattern to 
the ICmpcrature regime, with above-nor­
mal snow in the south and very liule in the 
nonh. Ouawa bore the brunt of the March 
snowstonns, with an enormous 93 cm 
lOlal. At ooe point in mid-March, Ouawa 
reported their deepest snow cover in 4 7 
years, as 135 cm of snow covered the 
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ground! Other notable snowfall totals in­
cl ude.d St Catharines. 41 cm (normal 18 
cm) - the greatest total in 22 years of 
weather history; and Kingston, 46 cm (nor­
mal 28 cm) - greatest since 1977. Gener­
ally across southern Ontario, the 30 to 50 
centimetres of March snow was well­
above the normal 15 to 30 centimetre 
range, making this the snowiest March 
since 1984. The resulting combination of 
cold and snow afforded a deep and reliable 
snow cover that in tum produced excellent 
outdoor recreational opportunities. In con­
uast, snowfall in northern Ontario was re­
markably light Kenora's 12 cm (nonnal 
29 cm) represented their lowest March 
total since 1969, while Sault Ste Marie·s 
meagre 11 cm was their least since 1973. 

Cold we.ather also meant dry we.ather. 
Despite the he.avy snow in the south, the 
lack of rain resulted in below-normal pre­
cipitation amounts province-wide. Where­
as, the normal 15 to 40 millimetres of rain 
usually adds significantly to the March 
precipitation total, this month, rain was 
minimal at best At Toronto's Pearson Air­
pon for example, only 7 mm fell - the least 
March rain since 1971. The result was a 10 
to 30 percent shonf all in monthly precipi­
tation totals in the south, and a 50 to 70 
percent shortfall in the north. Sault Ste 
Marie's 15 mm of total March moisture 
marke.d a record low, while Kapuskasing • s 
15 mm (normal 55 mm) was their least 
since the site opened in 1938. Sudbury's 
23 mm (least since 1960), and Muskoka's 
40 mm Oeast since 1962). also illustrated 
the extent of the deanh of precipitation this 
March. 

Sunshine also followed the same pat­
tern. While London's lowly 85 hours of 
bright sunshine (normal 121) represented 
the cloudiest March in 58 years; the Soo' s 
168 hours (normal 149) was the swiniest in 
the last 7 years. 

Accordingly. while many southern On­
tario residents were relieved to . see the 
toughest winter in the last 10 years end; 
others, such as snowplough owners and ski 
resort operators will celebrate, as during 
the past few years winte.r sno_w has been 
very elusive in this area. 
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In the north, there was plenty of sunshine 
and little precipitation, while the south 
had more sunshine than normal, but was 
once again buried in snow. Temperatures, 
for a change, were near or slighlly above 
normal in western Quebec. 

Monthly precipitation totals were very 
close to nmnal along the SL Lawrence 
Valley. The only spot that significantly ex­
ceeded the ave,age was the National Capi­
tal Region. which recorded 133 percent of 
normal precipitation. Nearly all the pre­
cipitation received over southern Quebec 
during March was in the form of snow. 
Further to the nonh, precipitation was less 
abundant lnukjuak received only 3.8 cm 
of snow, while on the other side of the 
province, Blanc Sablon recorde.d 90.4 cm. 
Southwestern Quebec tallie.d a surprising 

· 65 to 85 centimetres of the white stuff. 
Sunshine was very close to se.asonable 

averages along James Bay, Hudson Bay 
and in southern Quebec, while other parts 
of the province receive.d 15 to 25 percent 
more sunshine than usual. 

There were a number of weather events 
this month. Two disturbances crossed the 
province on March 6 and 8, and produced 
5 to 15 centimetres of snow. These two 
disturbances led the way to one of the 
worst storms ever encountered in Quebec. 
On the weekend of the 13th, south of the 
SL Lawrence River, snowfall amounts of 
30to 45 centimetres and peak wind speeds 
of up to 130 km/h were recorded. Snow 
and blowing snow reduc~ visibility to 
zero, causing many road closures. All brid­
ges from Montreal to the south shore were 
clo~ except one. Not surprisingly, the 
Gaspe Peninsula had the most snow - a 
horrendous 55 cm. Nonh of the St.Law­
rence River, 15 to 25 centimetre snowfalls 
~ere common, coupled with wind speeds 
reaching 70 km/h. 

tttII:Itittit1~ it~!:~_fu_~~---:<-:_:_._-_-_-_-r:::;::_:-_ · -- __ ·---;) 
• 

March was cold and stormy. Precipitation 
was above normal in Nova Scotia and 
Prince Edward Island, but below normal in 
New Brunswick. 

••• continued on pag, 26 
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· Values equal perccntaae of normal 

. Values equal percenta,e of normal 
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SEASONAL TOTAL OF tEATlNG 
DEGREE-DAYS TO EN> OF MARCH 

1193 
BRmSH COLUMBIA 

119'l NORMAL 

Kamloops 
Pmticton 
Port Hardy 
Vancouver 
Victoria 
YUKON TERRITORY 
Whitehorse 
NORTMWEST 
TERRITORIES 
Iqaluit 
lnuvik 
Yellowknife 
ALBERTA 
Calgary 
Edmonton Mun. 
Grande Prairie 
SASKATCHEWAN 

3586 
3196 
21cn 
2477 
2512 

5ns 

8612 
7682 
6606 

2693 3271 
2593 2984 
2514 2879 
2142 2454 
2207 2500 

5313 590') 

8070 7854 
8234 8306 
7212 7184 

4540 3712 4478 
4599 4112 4704 
5247 4652 5268 

4970 4291 41'I1 
5033 4517 5054 
5245 4746 5242 

5394 5169 5276 
7325 7507 7360 
5070 4991 5266 
5190 4841 5116 

5472 5562 5406 
3585 3421 3484 
4157 4203 4037 
46CT/ 4699 4590 
4877 4853 4829 
3576 3393 3487 
3113 3007 3114 

5237 5156 4935 
4093 4108 3907 
4556 4645 4361 
5506 5362 5035 
44CT/ 4485 4409 
S444 5437 5176 

4192 . 4151 3951 
4203 4132 3884 

3837 3758 3514 
3540 3336 3236 

.4073 3945 3746 

4520 4367 3962 
4045 3987 3683 
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SEASONAL SOOWFALL TOTALS (cm) 
TO EN> OF MARCH 

BRmSH COLUMBIA 
Kamloops 
Pon Hudy 
Prince George 
Vancouver 
Victoria 
YUKON TERRITORY 
Whitehorse 
NORTHWEST 
TERRITORIES 
Iqaluit 
lnuvilc 
Y ellowkruf e 
ALBERTA 
Calgary 
Edmonton Ml.m. 
Orandc Prairie 
SASKATCHEWAN 
Estevan 
Regina 
Saskatoon 
MANITOBA 
Brandon 
Churchill 
The Pas 
Wirmipcg 
ONTARIO 
Kapuskasing 
London 
Ottawa 
Sudbury 
Thunder Bay 
Toronto 
Windsor 
QUEBEC 
BaieComeau 
Montreal 
QuQ,ec 
Sept-tles 
Shczb1ooke 
Val d'or 
NEW BRUNSWlaC 
Fredericton 
Moncton 
NOVA SCOTIA 
Sydney 
YannoUlh 
PRINCE EDWARD 
ISLAND 
Charlouctown 
NEWFOUNDLAND 
Gander 
SL John's 

1993 1192 NORMAL 

91 32 
37 1 

233 204 
68 2 
46 5 

183 200 

91 
71 

230 
60 
50 

122 

147 134 129 
186 135 145 
122 175 122 

136 63 116 
103 128 117 
96 166 164 

100 69 98 
104 79 102 
67 98 102 

77 136 104 
128 209 150 
87 234 145 

112 97 112 

251 249 . 285 
214 216 199 
303 242 218 
190 261 229 
170 272 193 
136 77 124 
131 31 113 

168 277 337 
201 201 224 
217 228 326 
304 271 388 
280 271 289 
196 283 285 

206 188 268 
320 42i 311 

156 363 287 
243 216 201 

364 327 301 

420 353 342 
258 325 312 
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WATER EQUIVALENT OF 
SNOWCOVER 

(mm) 

APRIL 1, 1993 
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50-kPa ATMOSPHERIC CIRCULATION 
March 1993 

ll.0l.01 - ll.0l.31 

03.01 - 03.31 

Mean geopotential heights 
- 5 decametre interval -

' ' 
~)· 

I .... 
Normal geopotential heights for the month 

- 5 decametre interval -

•")t .... .... 

L----l'w 

.J.. 
13.03.01 - 13.03.Jt 

• 

• 

Mean geopotential height anomaly 
- 5 decametre interval -

I 
I I 

-~,... ~ ·• 
IJ.OJ.01 - IS.OS.SI N' • tS.OUt - IJ.Ol.21 

Mean heights difference w/r to previous month 
- 5 decametre Interval -

• 
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Canadian lake ice conditions: 
an indicator of climate variability 

The analysis of the temporal patterns 
of freeze-up and break-up of lake ice 
in Canada has both practical and 
theoretical value. The ability to accu­
rately predict freeze-up and break-up 
dates would be of great benefit to ma­
rine and overland transportation op­
erations, which must take maximum 
advantage of lakes in their ice-free or 
ice covered states. The analysis of 
seasonal lake ice condition data could 
also provide early detection of a rise 
in global tempera_tures due to in­
creased concentrations of carbon di­
oxide (CO2) and other radiatively 
active greenhouse gases (GHG' s) in 
the atmosphere. In addition, it would 
provide baseline climatelcryosphere 
relationships upon which climate 
change impact related hypotheses 
might be developed. 

Freeze-up and break-up records from 
middle and high latitudes of North Amer­
ica could provide a good index of changing 
temperatures in the ttansition seasons. 
Trends toward later freeze-up and earlier 
brcak-up paue.ms could indicate warming 
due to increased aanospheric CO2 con­
ccnuatio~ (Tramoni et al., 1985). Gen­
eral circulation model (GCM) 
CO2-doubling experiments predict that 
higher latitudes will experience the great­
est temperature increues (Manabe and 
Stouff~. 1980). This is mainly due 10 al­
bedo feedback mechanisms and nCX'them 
air mass stability. Also, th~ experiments 
indicate that the greatest wanning would 

D by 
Jenny Reycraft and Walter Skinner 
Climate Change Detection Division 
Atmospheric Environment Service 

be north of 60°N in late fall-early winter, tential inhomogenieties and thus, the vari­
with a secondary wanning pe.ak in the cen- ability in the datasets. 
tre of the North American continent in late 
winter-early spring. The freeze-up arid The ice event dates are identified and 
break-up of lake ice in Canada occur at routinely monitored for a number of Cana­
critical seasons for both the detection of dian Lakes. Only a subset of the lakes in 
GHG~related wanning, and the monitoring · the database can be used for climate 
and assessment of its impacts. change detection studies. These are se-

Background 

A Canadian lake ice condition database is 
maintained by the Atmospheric Environ­
ment Service (AES) of Environment Can­
ada (Allen, 1977). This database for lake, 
river and coastal sea ice sites contains in­
formation on the timing of freeze-up and 
break-up, maximum seasonal ice thick­
ness, and the state of the ice surf ace with 
respect to the traffic it can suppon (Ander­
son, 1987). The four standard observed ice 
condition dates are the dates of first perma­
nent ice (FPI), compleie freeze ov~ of ice 
(CFO) at freeze-up time, the dates of first 
deterioration of ice (FDI), wate.r clear of 
ice (WC0 at break-up time. 

Observatio~ were initially taken for 
operational reasons: However, recent ef­
forts have examined ice conditions in the 
context of climate change (Skinner, 1992). 
There is infonnation on approximately 250 
lakes in the database. Observations are 
representative of either complete small 
lakes or of a small bay· of a larger lake. · In 
lake ice/climate change studies, the com­
plete freeze over (CFO) and water clear of 
ice (WCI) dates are canmonly used be­
cause these dates contain less observer bias 
than the other dates. This reduces the po-

lected based on their location and length 
and completeness of record. The duration 
of the ice season is a derived element and 
is also maintained in the database. The 
lakes in the database provide a reasonably 
good spatial representation of the dimen­
sions of variability in Canadian climate 
that has been occurring over the past 35 
years. 

Air temperature .plays a major role in 
the freez.e-up ~d break-up of lake ice. 
Other meteorological factors that play a 
role in the formation and decay of lake ice 
are: wind speed and direction, cloud cover 
and precipitation. All can affect the final 
stages of the freez.e-up and break-up of 
lake ice covez. The heat budget of the lake 
and its morphological features are also im­
portant factors in the formation and de.cay 
of an ice cover. Characteristics of lakes 
such as their fetch, mean and maximum 
depth, basin · geometry and exposure to 
wind determine how the lake will respond 
to the climate (Ragotzkie, 1978). 

The surface water temperature declines 
in a similar manner as the downward trend 
in air temperature in the fall. Figure (1) 
displays the fall cooling process of lake 
surface water temperatures and decline in 
the ovezlying air temperature. There is a 
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strong relationship between air . tempera­
ture and freeze-up dates because of sensi­
ble heat exchange dominating the cooling 
process. Owing the freeze-up process, ice 
fonns around the shoreline of the lake 
when the mean daily water temperature­
there drops to OCC. The ice builds out­
wards as the surf ace water temperature 
cools. The deepest parts of the lake are the 
last to freeze. Light to moderate winds 
speed up the freezing process by removing 
he.at from the water and causing the water 
to cool, due to.increased evaporation. On 
the other hand, strong winds retard ice for­
mation by breaking up the weak ice that 
has managed to develop. 

The break-up process of ice on a lake is 
dependent on the temperature regime, the 
snow cover present on the ice surface and 
wind conditions. Snow cover retards the 
break-up of ice as it must first melt before 
the ice itself can melt. Once the snow has 
melted, the reflective properties of the lake 
surface changes, allowing an increased 
amount of solar radiation to be absorbed at 
the surf ace. H thawing temperatures are 
high enoug~, the ice weakens and begins lO 

melt. The wind acts to free the ice from the 
shoreline and to mechanical] y break it up. 

••••••• • •• •••••• •• •• • •• 
•••• ••• 
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lnterrannual variability 

Mean freeze-up and break-up dates can be 
convened into Julian dates, or simply, days 
numbered from 1 to 365, from January 1 to 
December 31 ,,and thus, provide a quantita­
tive index for use with coinciding meteoro­
logical records. Statistical studies have 
described the relationship between ice 
events and meteorological conditions 

· (Skinner, 1992). By employing regression 
analysis, scientists have shown that me.an 
air temperature and lake ice events are 
stror:igly related to one another. The re­
sults obtained from these analyses have 
been used to make inferences on how f u­
ture temperature anomalies would effect 
the lake ice regime. 

Simple regression models relate spe­
cific air temperatw-e parameters for exam­
ple, daily, monthly or bi-monthly average 
air temperatures, with the coinciding 
freeze-up and break-up dates, or ice season 
duration. The slope of the regression 
equation yields an estimate of how a future 
change in air temperature might affe.ct the 
lake ice regime. 
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Figure 1 Average trends of surface water temperature (1961-80) and 
air temperature (l 9S9-82) for July through December at 
Lake Saima, Finland (Palccki, MA. and G.G. Bany, 1986) 
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Time series analysis has proven useftd 
in detennining how the lake ice events 
have changed over the recorded history of 
the lake. Some .studies have affixed a 
weighted inean to the time series to re.duce 
short tenn fluctuations that may obscure 
any trend in the time series. Freeze-up 
date_s occurring later and b'eak-up dates 
occurring earlier would signal warmer 
temperatures during that specific season. 
The duration of the lake ice season is cal­
culated as the number of days between the 
complete freeze-over (CFO) and the water 
clear of ice (WCI) dates. A reduction in 
the length of the ice season would indicate 
a wanning taking place in either/or both of 
the ttansition seasons. 

Figures (2) and (3) show the mean 
dates for freeze-up and break-up in Can­
ada. These dates were calculated by aver­
aging the dates of freeze-up or break-up. 
They are based-on a minimum of five ye.ars 
of observation up to 1973. The pattrm for 
freeze-up shows the lakes generally freez­
ing earlier in the north and then progress-
ing southward. The national bre.ak-up f 
pattern is the opposite. In general, lakes in 
the south begin to break-up first and the 
progression is northward. Both maps 
show local differences due to elevation and 
the size of larger lakes. A change towards 
a wanner climate would likely produce a 
general northward shift in both freeze-up 
and break-up dates. . 

A number of lakes with high quality 
records have been selected to show the 
changes that have occurred in their ice 
con4itions over the years. Figure (4) 
shows the time senes fer complete freeze 
over for seven selected lakes in Canada. 
As can be seen from these time series, only 
slight changes are occurring in the freeze­
up dates. Slight uends towards earlier 
fieezc-up are actually occmring with some 
lakes. Lac SL Jean, Quebec was the only 
lake in this group that showed a trend to­
wards later freeze-up dates. Water clear of 
ice · dates have shown more pronounced 
changes, as can be seen in Figure (S). 
Break-up dates are occuning about one 
week earlier at the majority of the selected 
lakes. The exception is Knob Lake, where 
a slight trend towards later break-up is in­
dicative of the general cooling in this re-
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gion over the past 15 years. The observed 
winter and spring warming appears to have 
aff ccLCd the amount of ice forming on the 
lakes and also the onset of break-up in the 
spring. Figure (6) shows the ice season 
duration time series for the selected lakes 
in Canada. The trends towards earlier 
break-up appear to be overriding the 
changes occurring with the freeze-up dates. 
The trends for most lakes, with the excep­
tion of Knob Lake in Quebec and Back 
Bay on Great Slave Lake in the Northwest 
Territories, show up to a one week change 
in the length of the ice season. 

The changes occurring in the break-up 
dates and the ice season durations indicate 
that spring seasons are occurring earlier, 
and are wanner than they were in the past. 
The lake ice records for the decade of the 
1980's was more closely examined, as this 
decade has been noted the warmest decade 
this century throughout most of Canada. 
Me.an lake ice conditions for this period 
were compared to the records prior to 
1973, the period upon which the me.an 
freeze-up and break-up maps of Figures 
(2) and (3) were derived, to determine if 
any changes had occurred that may be re­
lated to the temperature of the region. 
Lakes in the Prairies and northern Ontario 
show a two day delay in freeze-up. Lac St. 
Je.an showed the longest delay of approxi­
mately four days. Other lakes showed a 
trend to earlier freeze-up dates. Water 
clear of ice dates from Quebec to the Yu­
kon have shown more substantial changes. 
They indicate marked changes occurring to 
the regional air temperature regimes during 
the spring season. Lake ice break-up in the 
1980's seems to be taking place up to one 
week earlier than it did prior to 1973 at 
most of the selected lakes, with the excep­
tion of Knob Lake and Back Bay. The ice 
season durations have also decreased by 
about one week at most lakes, with the 
exception of Back Bay and Knob Lake, 
which show slight increases in the length 
of their ice seasons. 

Conclusions 

Satellite imagery has recently proven to be 
beneficial in lake ice studies. Data ob­
tained in this manner provides near-real-

Climatic Perspectives 

Figure 2 Mean Freeze-Up Dates (Hydrological Atlas 
of Canada, 1978) 
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Figure 3 Mean Break-Up Dates (Hydrological Atlas 
of Canada, 1978) 
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time information on the freeze-up and 
break-up of the entire surface of a lake. 
This represents an important source of in­
f onnation for database management As 
more and more meteorological stations be­
come automated, the freeze-up and bre.ak­
up dates cease to be recorded, as observers 
are no longer prese_nt to record the informa­
tion. The imagery from the satellite pro­
vides inf onnation on the entire surface of a 
lake. The observations recorded in the da­
tabase at present are for localized are.as of a 
lake and relate processes occurring only as 
far as the human eye can see. Several 
years of overlap will be required for accu­
rate calibration of the two databases. 

The major implications of positive tem­
perature anomalies on lake ice conditions 
are the impacts of a reduction in the ice 
season. Effects on the associated ecosys­
tems are not yet fully known. There would 
be a longer shipping season, allowing in­
cre.ased passage of goods and services. 
Communities that are dependent on ice 
roads fonned on frozen lakes will be ef­
fected by a shoner season that these roads 
may be utilized. Commercial fishing op­
erations would have a longer season. 

Climatic Perspectives 

The use of lake ice conditions for the 
detection of climate change has shown 
promising results. Temporal changes in 
freeze-up and break-up dates and in ice 
season duration for a select number of Ca­
nadian lakes indicate that temperature 
changes are occurring in central and west­
ern regions of Canada, during the winter 
and spring seasons. Further analyses must 
be undertaken to determine what role other 
climate variables, such as precipitation and 
snow cover, play in the freeze-up and 
break-up processes of lakes. 
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Figure 4 Time Series of Complete Freeze Over Dates 
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Figure 5 Time Series of Water Clear o( Ice Dates 
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Figure 6 Time Series of Ice Season Durations 
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Winter 1993 - Supplement 

December 

There was linJe doubt that winter had ar­
rived in December. After unusually 
heavy early-season snowfalls had high­
lighted the first half of the month in Atlan­
tic Canada and southern Ontario, equally 
generous snowfalls hit British Columbia 
at mid-month, and were foil owed by a 
bitterly cold air mass that engulfed all of 
western Canada beyond the New Year. 

The month's first winter storm moved 
into the Maritimes on the 3rd. Near-bliz­
zard conditions were created as snowfalls 
of 20 to 25 cm were whipped up by winds 
gusting over 100 km/h. Heaviest hit was 
Moncton, which received 38 cm, tying a 
record for the earliest in the season for 
such an amount. Two days later, again 
accompanied by high winds, a second 
storm deposited 25 to 50 cm over the 
Maritimes and Newfoundland, disrupting 
power supplies and bringing transporta­
tion services 10 a halt 

Less than a week later 30 to tiO cm of 
snow brought most of southern Ontario to 
a standstill. In Toronto, temperatures dur­
ing the storm were only a degree or two 
below the freezing point, resulting in very 
wet, sticky snow that accumulated on 
wires and branches. Thousands of trees, 
many of them more than fifty years old, 
were destroyed or heavily damaged as the 
weight of the snow either toppled them or 
snapped their branches. 

For the first two weeks of December, 
temperatures across the country had, for 
the most pan, been above nonnal. How­
ever, at mid-month there was a drastic 

DEPARTURE FROM NORMAL 
MEAN TEMPERATURE 

re> 
DECEMBER 1992 TO 

FEBRUARY 1193 

change as frigid Arctic air spilled into Christmas holiday as a f unhe.r 30 cm fell in 
western Canada. Overnight lows plunged Vancouver. Ponions of Vancouver Island 
below -35°C from the Yukon through the experienced their first white Christmas in 
Prairies and into northern Ontario. As the more than thirty years. At the same time, 
month progressed, temperatures dropped t9ld air blasting its way across the Great 
even lower, and the cold air spread east- Lakes produce.d heavy snowsqualls, and 
wards. Between Christmas and New closed many highways in southern On­
Year's daytime highs across the Prairies tario. Funher to the east, the Atlantic 
frequently faile.d to rise above -30°C, and provinces received another 30 to 50 cm of 
windchill warnings were required from· Al- snow between Christmas and New Year's. 
bena 10 the Mari times. Despite the cold And finaUy, the often-heard statement that 
temperatures the.re was no shortage of pre- "it's too cold to snow" was proven wrong 
cipitation. In British Columbia, a snowfall on the 28th when, despite temperatures 
of 20 cm, which had prece.de.d the advance lhat ranged from -30°C to -32°C, several 
of the cold air, was s~ during the 

( 
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centimetres of snow fell across southern 
Albena 

January 

The wintry weather that had established 
itself over much of western Canada at the 
end of December continued into January. 
as cxceptionall y cold air remained en­
trenched from the Pacific coast to Sas­
katchewan. In southern British Columbia, 
acmpe.raturcs were as much as 1 O'C below 
ncrmal. As a result snow that had f alien 
during in the last week of 1992, stayed on 
the ground through to mid-January. Log­
ging operations on the Fraser River were 
disrupted. water pipes froze. and there was 
fear of damage to fruit trees in the interior 
valleys. However. not all of the west be­
gan January with cold conditions; in the 
Yukon and the Mackenzie Valley. daytime 
highs rose above the freezing mark several 
times during the first few days of January. 
By mid-month, warmer conditions had 
spread out and covered most of the country 
west of the Quebec City. Numerous re­
cords fell, as temperatures across the Prai­
ries rose into the low teens. At the same 
time. much colder conditions had invaded 
the Yukon, and on the 23rd. the country's 
coldest temperature this winter was re­
corded, as the overnight low dropped to 
-57°C at Old Crow. 

Despite a few brief incursions of warm 
air, below-normal temperatures dominated 
the Atlantic provinces during January. As 
the month ende~ new records were set, as 
the mercury dropped to -29°C at Halifax 
and -33°C at Deer Lake. 

Precipitation in January was sparse in 
most pans of southern Canada, as only 
southern Ontario, southern Quebec. and a 
pcnion of Newfoundland received above­
nmnal amounts of moisture. Nevertheless 
there were several significant storms in 
January. 

With several centimetres of snow al­
tt.ady on the ground, 1993 in southwestern 
British Colwnbia was greeted with another 
major stonn that droppe.d .as much as 25 cm 
on the January 4. On the same day, a 
major storm moving across the Great 

Climatic Perspectives 

CORRECTED MAP 

Lakes produced copious amounts of pre­
cipitation. As a result of warm air associ­
ated with this storm, temperatures rose as 
high as 13CC, causing most of the precipita­
tion, as much as 50mm, to fall in the form 
of rain. A liule more than a week later, 
snowfall advisories were required from 
southern Ontario to the Maritimes, as an­
other storm moving out of the American 
midwest resulted in significant accumula­
tions of snow and freezing rain that pro­
duced ice build-ups reaching 10 mm. As 
the month ended, as much as 40 to 60 cm of 
wind-whipped snow fell across the Atlan­
tic provinces, paralysing transponation, 
closing schools and businesses, and cutting 
off power to 10,000 people. 

February 

The storm that moved through Atlantic 
Canada during the last few days of January 
marked the leading edge ,of very cold-air 
that covered the eastern pan of ihe country 
throughout February. During the first few 
days of the month, overnight lows dropped 
to -25°C to -35°C, and windchill warnings 
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PER CENT OF NORMAL 
PRECIPITATION 

DECEMBER 1192 TO 
FEBRUARY 1993 

were required from eastern Manitoba to the 
Maritimes. Throughout the rest of the 
month there was little relief from this cold. 
As a resul~ monthly means were ! to 5 
degrees below normal from Ontario east­
wards. 

It was a different story in the west. As 
the month began, abnonnally warm air ex­
tending from the Pacific to Manitoba 
raised daytime highs into the mid-teens in 
British Columbia and Alberta. These mild 
conditions persisted for about a week and a 
half, before much colder air appeared, 
dropping overnight lows to values·well be­
low -30CC and providing a sudden end to 
an early spring. 

_ Precipitation during February was nota­
ble for its abundance in the east and its 
scarcity in the west Several storms mov­
ing from the American mid-west or up the 
Atlantic seaboard were responsible for 
what seemed at times to be a continuous 
source of moisture for the residents of 
southern Ontario, southern Quebe.c, and 
the Maritimes. On the 12th and 13th, 30 to 
40 cm snowfalls extended from the lower 
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Great Lakes to the northern Maritimes. In 
Nova Scotia, the precipitation was accom­
panied by a brief surge of above-zero tem­
peratures, resulting in 50 mm of rain that 
flooded streets and basements. Less than a 
week later, more flooding occurred as 72 
mm of rain fell at Halifax, setting a new 
one-day February precipitation record. 
Accompanying the storm were winds that 
reached as high as 135 km/h. which 
knocked down fuel storage tanks on Cape 
Breton Island. Two more mid-month 
storms that had each deposited more than 
25 cm of snow on southern Ontario, gave a 

· mixture of snow and freezing rain to the 
Atlantic provinces. In southern Ontario, 
where winters during the last decade have 
generally been mild and lacking in sub­
stantial snowfalls. some communities have 
found their snow clearance budgets some­
what overextended. 

In the western provinces, precipitation 
was below nonnal. with very liule in the 
way of significant moistw-e since British 
Columbia's early January snowfalls. Soil 
moisture levels in the Prairie grain grow-
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ing areas are low but not yet critical. In 
Vancouver, only 11 mm of precipitation 
fell, helping to make the December to Feb­
ruary amount of 232 mm the lowest winter 
precipitation amount on record for that lo­
cation. Combined with the effects of 
mountain snowpacks that are down by 60 
to 80 pezcent from nmnal, this bu re­
sulted in the de.cision 10 phase in water 
restrictions in April in the lower mainland 
area 

A note about arbitrary sea­
son definitions ..... 

The winter of 1992-93 clearly demon-. 
strated the difficulty of defining the begin­
ning and ending of a season by calendar 
months. Although traditionally thought of 
as extending from the beginning of De­
cember to the end of February, for the resi­
dents of the western Prairies, this winter, 
began on the somewhat early date of Au­
gust 21 sL At that time, 20 to 30 cm of 
snow fell, followed by a killing fros~ as 
overnight temperatures dropped several 

This paper contains a minimum of 50% recycled fibres, 
ilduding 10% post-consumer fb'es. 
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4egrees below the -freezing mark. Two 
weeks later, the early stan to winter was 
confinned as another snowstonn dropped 
35 cm of snow on southern Alhena At the 
othez end of the ·season, the February 28 
t.11ding date for wintez was shown to be 
fallacious, as two major snow storms 
moved through the ~ Canada, in the 
first week of the March. By mid-March, a 
storm widely dubbed "the suxm of the cen­
tury", moved up the Atlantic seaboard, 
spreading prccipi talion as far west as Lake 
Huron and dropping more than 40 cm of 
snow from eastern Lake Ontario to the 
Maritimes. On the morning of the 14th, 
the snow depth at Ottawa stood at 135 cm 
higher than at any time during the station's 
history. Certainly, for the recipients of this 
storm's snow, spring would not be consid­
ered to have arrived at the end of February 
In the following wee~ Gander Newfound­
land, broke its all-time record for snowfall 
Winter's grip was tenacious this year. 

Malcolm Geast 
For j,IJMr u,f ontllllion: Atulrei Saulnleja, ( 

EnwoNMIII CiuuMla ( ,16) 7 39-4330 
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Ozone Watch 

In March 1992, "Ozone Watch".was 
introduced in Canada. Ozone 
Watch provides information on the 
currenl status of the stratospheric 
ozone layer over Canada. Ozon~ 
Watch acts to increase public 
awareness and reduce the fears that 
are often generated by misunder­
standing. A greater understanding 
of the issue will likely lead to a 
more informed response from the 
public both for taking actions to 
protect the stratospheric ozone 
layer and to react wisely to in­
creased ultraviolet levels. 

Stratospheric ozone is measured with a 
Brewer Spectrophotometer at 12 locations 
across Canada. A two week average of 
current values is compared to the pre-1980 
averages for the same time period. Pre-
1980 averages were chosen to represent 
the natural historic level of the ozone 
layer. Ozone Watch provides on-going in­
formation on the nonnal shon tenn vari­
ations in the ozone layer and also provides 
an indication of the degree of ozone deple­
tion. Ozone Watch is issued on a weekly 
basis every Friday. Figure 1 shows the 
most recent Ozone Watch graphic that ac­
companies a text description. Environment 
Canada supplies the Ozone Watch to the 
media in the same manner as its regular 
w~ther iepons. 

Environment Canada scientists have 
ttacked a modest, but significant thinning 
of the ozone layer over southern Canada 
over the past ten years. This depletion is 
greatest in the spring. Fatunately, this is at 
a time when the ozone layer is naturally at 
its thickest Over Canada, the average 
ozone values reponed in 1992 were, ovt7-

D By Anne O'Too~ 

all, lower than averages for any preceding high Arctic, first measurements from 
year. From observations in past years, one Resolute Bay, in late March, were consis­
would expe.ct ozone values to return to . tent with the pattern across Canada, with 
near the. pre-1980 ave.rages by mid-sum- reports of ozone depths 26% below its pre­
mer or early fall. Although values did ap- 1980 levels. 
proach the pre-1980 levels . for most of 
Canada during the fall of 1992, Toronto Ozone depletion this summer will be 
measurements remained consistently be- less severe than it is now, but will likely be 
low the historical average throughout all of . larger than previous summers. Based on 
1992. recent data, the average ozone depletion 

In the first months of 1993, Environ­
ment Canada has reponed a decrease in 
ozone values over Canada of 15% to 20%. 
Over two major ozone measuring sites, in 
Toronto and Edmonton, ozone values were 
unusually low. Ozone values over Edmon­
ton fell to an average of 25% below the 
pre-1980 nonnal during a two week pe­
riod, ending February 12. This value is the 
largest winter difference recorded in 
southern Canada over the 30 years of re­
cord. The lowest previous value for Ed­
monton was 21 % below nonnal (repone.d 
in December 1985). 

Record lows for the season were also 
observed over Toronto, when ozone values 
dippe.d to an average of 21 % below nonnal 
for four weeks in January and February. In 
March, the pattern continued, with record 
low individual ozone measurements, and 
two week average differences as large as 
23% below. Over Toronto, the previous 
low records were 17% below nonnal for 
the month of January (reported in 1985) 
and 20% below for February (reported in 
1989). 

It is notewonh, is that previous records 
were more isolated and did not persist for 
such an extended period of time. Measure­
ments taken at Goose Bay, Labrador, indi­
cated that ozone loss was not as severe, 
ttaching a low of 16% in February. In the 

for May to August over Canada will most 
likely be in the range of 5% to 10%. 

The concern over ozone depletion is 
high, mainly because of the potential for 
increased amounts of damaging ultraviolet 
rays from the sun. The most recent scien­
tific information indicates that for every 
1 % decrease in ozone one would expect a 
1.1 % to 1.4% increase in UV-B. UV rays 
occur naturally and exposure to UV has 
always been a health concern. Excessive 
exposure to the sun's ultraviolet rays le.ads 
to sunburn and, in some cases, can le.ad to 
skin cancer and eye cataracts. Health 
authorities recommend sun-smart action: 
limit time spent in the midday sun when 
UV is strongest, wear a hat and other pro­
tective clothing, and sunglasses which are 
UV-rated, and use a sunscreen. 

The reduced ozone this spring has pro­
duced UV values in March which are more 
typical of mid-May. UV Index values were 
around 6, in late March, in Central and 
Eastern Canada. Nonnal values for this 
time of year are usually near 4. Ultraviolet 
intensities at this time of ye.ar are lower 
than in summer because of the low sun 
angles. For comparison purposes, UV In­
dex values on sunny days in the summer in 
the same regions of Canada are usually 
near 8. 
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With the expected lower ozone this 
summer. UV values may increase by 6% 
to 12%. This is equivalent to moving 
south by approximately 700 km. In the 
Arctic, UV values remain low throughout 
the year, as the sun's rays are naturally 
weaker. (But reflections from snow or ice 
gradually increases exposure) 

The long-tenn loss of ozone can be at­
tributed to the build-up of industrial 
chemicals in the atmosphere, most notably, 
CFC's (chlorofluorocarbons). However, 
natural phenomena such as volcanic erup­
tions and variations in the weather pat­
terns, can temporarily affect the thickness 
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of the ozone layer. Unusual weather condi­
tions. such as those that gave rise to higher 
temperatures in Edmonton during Febru­
ary. can contribute to record low ozone 
values. Volcanic debris from Mount Pi­
natu,bo, which erupted in the Philippines 
in 1991 may have also infloonced owne 
levels. Debris from major volcanic t711p­
tions can remain in the uppez atmosphere 
for two to three ye.ars. 

It is important to reduce the man-made 
contributions to low ozone values. Canada 
played an active role at the 1992 interna­
tional conference in Copenhagen, where 
the Montreal Protocol - a glQbal agreement 
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to protect the ozone layer - was signifi­
can ti y strengthened. The agreement 
reached at Copenhagen calls for the pro­
duction and consumption of CFCs to be 
phased out by January 1, 1996. Even with 
the most stringent conttols, ozone deplet­
ing substances now in the environment 
will reach the stratosphere in the next few 
years, leading to peak stratospheric chlo­
rine levels around the year 2000. 

With the weekly Ozone Watch and the 
daily UV Index forecasts, C.anadians can 
stay aware of these irnponant environ­
mental changes over the coming years. 

Ozone destroying chlorine existed 
longer in 1992-93 winter 

D By James Wilson, 
Jet Propulsion Laboratory, Pasadena, California 

Ozone-destroying fonns of chlorine ex­
isted for much longer in the Arctic strato­
sphere this winter than last, say scientists. 

Northern Hemisphere ozone abundance 
also was observed to be some 10 percent 
below that measured during the same pe­
riod last year, with some regions 20 per­
cent lower. 

Using NASA's Upper Atmosphere Re­
search Satellite (UARS), Dr. Joe Waters 
and his colleagues at the Jet Propulsion 
Laboratory (JPL), Pasadena, Calif., and 
Edinburgh University, Scotland, have col­
lected daily maps of ozone and other gases, 
and of temperature in different layers of 
the stratosphere. One of their most critical 
measurements is of chlorine monoxide, a 
fonn of chlorine that desttoys ozone. They 
reponed the results in the international sci­
entifi~ journal Nature. 

"Ozone concentrations in the Arctic in a 
layer about 12 miles (20 kilometers) high, 
where most chlorine monoxide was lo-

cated, decreased by 0. 7 pezcent per day 
from mid-February through early March 
1993," Waters said. Ozone levels nonnally 
increase in this area at this time of the year, 
he added. 

Chlorine already in the stratosphere, 
from chlorofluorocarbons, is converted to 
ozone-destroying forms by chemistry oc­
curring on clouds which fonn at low tem­
perature. 

Last year, the scientists measured large 
abundances of chlorine monoxide in the 
Arctic, but the concentrations decreased 
after the stratosphere warmed in late Janu­
ary. This winter, the stratosphere remained 
cold through February, and chlorine mon­
oxide remained abundant through early 
March. 

About as much chlorine monoxide was 
seen in the northern polar regions in Febru­
ary 1993 as was measW'Cd al the South 
Pole, before the 1992 Antarctic ownc hole 
fonned. · 

"We do not sec a well-defined area of 
ozone loss that could be described as an 
Arctic ozone hole," Waters said, "but the 
smaller abundances of ozone seen through­
out the Nonhem Hemisphere this winter 
raise the question of whether the chlorine 
destruction of ozone has been spread over 
a wider area." Record low values of ozone 
also have been reponed recently by the 
World MeteorologicaJ Organization and 
Environment Canada. 

. The microwave limb sounder aboard 
UARS was developed and is operated by 
JPL, led by Waters and sponsored by 
NASA's Office of Mission to Planet Earth. 
Additional members are from Edinburgh 
University, Heriot-Watt University and the 
Rutherford-Appleton Laboratory in the 
United Kingdom. 

UARS, launched SepL 12, 1991, aboard 
Space Shunle Discovtzy, is managed by 
NASA's Goddard Space ,Flight Center, 
Gieenbelt, Md. 

, 
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l<APUSl<ASING A -8.0 1.4 15.2 - 31.5 15.6 33 14.7 27 17 3 • • 806.8 
SUF'flELO A t.O • 19.9 -24.0 12.4 • 31.9 • 0 5 178 • 526.3 !<[NORA A -4.4 2.7 11.5 -25.3 12.0 41 11.3 38 3 3 • • 692.8 
WHITECOURT A -t.2 4.7 11. 7 -23:3 16.6 65 15.2 63 0 4 • • 594.9 KINGSTON A -2.1 -1.1 14.3 -21 .9 45.8 141 65.8 17 • 10 '14 81 648 . 3 

SASKATCHEWAN LANSDOWNE HOUSE • • • • • • • • • • • • • 
LONDON A -2.2 -1.3 18.0 -15.9 39.2 141 50.J 67 0 II 85 10 625.1 
MOOSON[E -10.1 2.2 14.7 - J5. J 16.6 50 15.2 41 28 4 170 115 870.7 

BROADVIEW -2.6 5.5 19.5 -25.1 44.2 250 45.0 281 17 5 203 117 638.1 
CREE LAt<E - 6.5 7.0 13.0 -34.0 16.8 80 10.6 73 6 4 210 117 758.6 MUSl<OKA A -5.1 -1.3 17.8 -27.1 J8.7 105 39.8 60 4 8 • • 682.4 
ESTEVAN A - 2.2 3.7 19.7 -28. J 22.0 127 43.6 216 0 6 176 95 611.2 

NORTH BAY A -4.4 0 .9 19.1 -22.9 33.8 88 24.7 40 8 1 147 98 694.8 
t<INO£A5l£Y -J.2 3.4 15.5 -24.0 · 15.2 104 23.6 161 0 1 150 • 656.4 OTTAWA INT'l A -3.6 -0.6 15.J -21.9 92.8 260 86.5 128 5 10 157 106 670.0 
LA RONG[ A -3.4 7.3 13.9 -27.1 4.8 22 4.2 23· 0 1 • • 655.6 PETAWAWA A -4.7 -0.4 18.8 -J0.8 28.0 93 25.5 39 2 8 • • 701.7 
MEADOW LAKE A - 0.8 • 17.5 -:n.5 o.o • 0 .0 • 0 • 202 • 580.1 PETERBOROUGH A - 4.2 -1.7 16.9 -28. 3 33.8 145 4t.8 58 • 10 • • 688.9 
MOOSE JAW A -0.7 4.9 23.0 - 2).8 38.3 207 41.5 2)7 10 9 167 100 578.1 PICKLE LAk[ -7.4 3.3 12.8 - 27.6 21.4 56 18.6 44 3 6 • • 181.1 
NIPAWIN A - 3.7 • 15.1 -24.5 2.2 • 5.4 • 0 3 183 • 672.2 

NORTH 8ATTL£FORD A -'to 7.6 16.6 -20.6 u " 2.4 12 0 0 • • 588.1 
Rto LAk[ A -6.4 2.3 11.1 -JO.I 19.7 78 16. 3 57 16 6 156 • 756.6 
ST CATHARIN[S A -1.1 -2.8 16.0 - 21.1 41.0 229 55.0 67 • 13 97 • 609.5 

PRINCE ALBERT A -1.5 8 .8 18.0 -22.1 2.0 10 2.8 15 0 1 186 113 604.2 SARNIA A -1.9 -2.2 12.4 -14.6 33.2 151 53.0 79 • " 85 67 617'.9 
REGINA A - 2. J 5.5 21.6 -28.2 34.2 187 33.6 189 12 6 163 105 629.5 SAULT STE MARIE A -4.2 0 .1 13.8 -23 .5 10.7 35 12.3 21 1 l 175 116 686.8 
SASKATOON A -1.J 7. J 18.9 -20.1 4.6 25 16.4 89 0 4 • • 598.5 
SWIF'l CURRENT A 1.7 7.4 20.0 -25.0 22.6 106 38.2 190 0 7 158 100 608.9 

SIOUX LOOKOUT A -4.8 J.5 14.0 -31.6 18.7 58 18.5 53 5 5 • • 737.3 
SUDBURY A -5.1 0.9 15.3 -22.5 21.6 62 23.0 42 2 5 168 110 715.8 

YOAKTON A - 2.1 7.5 21.1 . -21.8 8.6 33 19.4 74 3 5 182 109 621.9 THUNDER BAY A - 5.1 1.2 11.0 - 23.7 19.8 58 13.4 30 2 4 169 98 717.0 
TIMMINS A - 7.1 1.3 16.3 -28.4 10.6 J8 20.5 35 24 4 • • 776.5 

MANITOBA 
TORONTO -0.1 • 15.6 - 15.0 28.2 • 44.4 • 0 9 • • 558.J 

TORONTO INT'L A -2.t -1.1 16.5 - 18.8 28.0 126 31.0 51 • 8 • • 621.2 
TRENTON A - 2.9 - I.CJ 15.8 - 21.9 24.2 91 47.2 66 • 10 • • 648.6 

BRANDON A - 4.2 4 .5 15.8 - 26.8 11.6 59 12.0 ' 60 0 4 188 • 722.1 WATERLOO WELLINGTOI - J .J - 1.4 17.4 -n .e 40.0 165 38.8 47 0 9 • • 659.7 
CHURCHILL A - 18.2 2.2 8 . 3 -37.0 15.8 85 10.0 55 10 1 201 106 1111.J WA.WA A - 7.2 • 14.J - 29.5 35.0 • 24.4 • 44 6 • • 779.7 
DAUPHIN A - 2.6 6.5 24.2 -23.1 28 .5 117 26.5 108 9 4 182 103 6] 6.6 
GILLAM A - 14.] 2. 3 10.1 -)2.5 17.8 57 7.8 40 16 2 • • 996.4 WIARTON A . - 4.5 -1.7 11.4 - 21.8 40.8 95 42.4 65 l 10 131 95 679.6 . WINDSOR A 0 .2 -1.0 17.9 - 13.4 42. J 211 68.7 96 0 !I • • SS}.6 
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Temperature C .. - ... 
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STATION 

QUEBEC NOVA SCOTIA 

ltAGOTVILLE A -7.1 -0.6 15.0 -26.5 29.8 60 36.3 70 10 7 • • 776.9 
BAI[ COMEAU A -7.8 - 1. 1 10.J -28.1 45.2 75 39.0 so 32 6 213 142 797.6 
BLANC SABlON A -10.2 -4 • .t S.9 -'14.7 87.8 106 90 . .t 80 3.t 13 131 • 873.1 
CHIBOUGAMAU CHAPA i>-10.1 • 1.t.O -JS.7 • • 20.6 • 0 3 • • 870.6 
GASP[ A -7 • .t • 15.2 -28.6 79,0 • 51.8 • 20 6 ISi • 786 . .t 

GREENWOOD A 
HAUrAx INT'L ,. 
SABLE ISLAND 
SHEARWATER A 
SYONfY A 

INUKJUAK A - 22.3 -1.7 -0.9 -35.1 5 • .t 60 3.6 ,o 26 ' 2W 13.t 1247.0 
KUUJJUAQ A -20.5 -2.8 -0.7 -37.2 19.6 73 19.2 74 JO 7 186 Ill 1191.8 
l<UUJJUARAPII( A -17.J -0.2 5.1 -M.9 6.8 )4 6.2 JO 8 2 162 96 109S.1 
LA GRANO[ IV A -15.7 • 7.3 -41.4 12.0 • 10.6 • 18 3 199 • 1046.2 
LA GRANO[ RIVIERE A -IJ.9 • 7.0 -35.4 19.0 • 19.0 • )8 4 167 • 990.4 MANIWAl<I - 5.2 -0.1 18.9 -28.9 19.6 117 )6.6 71 22 10 164 IIJ 718.7 

YARMOUTH A 

PRINCE EDWARD 
ISLAND 

MONT JOLI A -6.J -1.J 12.1 -20.9 69.0 109 65.0 90 1) 6 187 144 753.J 
MONTREAL INT'L A -4.0 -1.5 W.O -23.9 69.2 19.t 70.0 95 0 II 164 106 682.9 NATASHQUAN A -10.2 -4.0 3.7 -28.2 66.6 116 60.8 75 52 II 164 116 874.8 

CHARLOTTCTOWN A 

NEWFOUNDLAND 
QUEBEC A -5.8 -1.3 12.2 -n., 58.4 108 51.6 63 36 9 177 126 736.6 AOBERYAL A -7.4 -0.5 IS.l -J0.5 36.6 62 36.6 60 0 8 200· • 789.2 
SCHEFrERVllLE. A . -18 .1 -J.O 5.1 -38.6 8.6 21 7.8 19 45 2 205 125 1120.5 SEPT-ILES A -9.2 -2.6 9.2 -28.8 56.2 80 53.6 65 25 5 195 127 841.7 SHERBROOl<t A -5.1 -1.1 19.9 -29.1 77.4 145 77.4 97 12 12 144 • 716.4 

BONAYISTA 
8URGEO 
CARTWRIGHT 

ST HUBERT A -4.4 -2.0 13.5 -21.7 59.8 • 63.6 80 4 12 159 • &94.6 VAL O'OR A -7.6 0.7 15.2 -29.6 29.2 61 26.6 45 8 6 196 126 794.4 

CHURCHILL rALLS A 
COMrORT COVE 
OANIUS HARBOUR 

NEW BRUNSWICK OE[R LAI([ A 
GANDER INT'L A 

CHARLOA -6.3 -o.8 '7.2 -26.1 7S.O .. 52.2 57 44 7 186 126 745.4 F'AEOERICTON A -J.9 -1.5 19.1 -25.1 n.o 141, 78.1 92 7 7 • • 69'1.I MONCTON A -4.6 -1.7 17. 1 -22.3 105.4 156 111.4 99 0 7 162 117 699.0 SAINT JOHN A -4.0 -t.5 16.7 -22.6 79.6 160 93.8 82 . 2 10 163 Ill 680.0 

GOOSE A 
MARY'S HARBOUR 
PORT AUX BASQUES 
ST ANTHONY 
ST JOHN'S A 
ST LAWRENCE 

' STEPH[NVlllE A 
' WABUSH LAKE A 

~ 
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AGROCLIMATOLOGfCAL STATIONS MARCH 1993 

Temperature C ...... 
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~RITl~tt, 'OLU IA 

AGASSIZ 8.2 2.t 17.S -0.S tu 205.6 140 0 t6 136 t00.0 155.3 
SUMM[ALAND 3.5 -0.2 16.0 -6.5 3.0 10.6 72 0 3 157 16.1 16.1 

' 

pUEBEC 

LA PotATIERE -5.6 -t.1 12.0 -24.0 48.2 52.8 78 tJ 9 186 1.8 1.8 
L'ASSOMPTION -4.5 -0.8 14.0 -25.0 65.6 59.4 85 1S 10 156 J .3 J . J 
NORMANDIN -10.4 -1.7 11.2 -34.7 ••• 25.8 43 6 6 203 0.0 0.0 

ALBERTA 

8EAVERLODGE -0.6 5.5 ' IJ.5 -25.0 6.1 9.7 39 0 4 185 3.3 9.3 
LACOMBE -3.2 2.8 13.5 -25.0 19.7 16.4 86 0 s 141 2.9 2.9 

NEW BRUNSWICK 

FREDERICTON -3.t -0.6 18.5 -24.0 50.3 62.0 77 0 6 178 8.3 10. J 

SASKATCHWAN NOVA SCOTIA 
INOIAN HEAD -3.1 4.8 18.0 -18.0 ]9.0 47.5 118 12 9 •• 7.3 10.3 
MELFORT -t.9 8 .3 17,5 -23.0 0.7 13.5 76 0 3 16S 12.0 12.0 
REGINA -4.0 4.2 21.0 -33.5 28.8 35.6 221 10 7 •• 9.3 9.3 
SCOTT - ) .9 5.0 12.0 -23.5 13.S 17.4 92 0 4 161 0.8 0 .8 
SWIFT CURRENT t.2 S.9 19.S -2S.0 12.9 35.0 227 2 10 137 15.4 15.4 

K[NTVILLE -2.S -1.5 17.0 -21.0 132.0 149.4 152 26 9 160 6.9 12.7 
NAPPAN -2.9 -0.6 13.0 -23.0 107.0 136.3 152 s 9 153 2.0 S.3 

PRINC~ EDWARO 
ISLAN 

MANITOBA 
CHARLOTTETWN ••• • •• ••• ••• ••• ••• .. ••• ... • • ••• ••• 

BRANDON -J.6 4.8 16.2 - 26.0 
"· 1 

12. t St 0 3 •• J.4 3.4 
MORO[N -1,, 5.6 11.0 -22.0 1).4 15.0 63 7 ••• 2 ••• • •• 
GLENL[A -t.5 S.2 6.0 -28.0 7.6 8.6 30 2 3 155 0 .0 0.0 NEWFOUNOLANO 

ST .JOHN'S WEST -2.6 -0.6 12.0 -14.0 58.2 155.9 104 2 14 127 3.J J.3 

ONTARIO 

DHHI -t.7 -1.4 18.5 -18.5 41.t 71.3 84 0 " •• 8 .4 tt.4 
HORA -3.7 -t.O 15.9 -23.8 24.S 28.7 39 0 3 •• ••• 9.8 
GUELPH -).J -1.4 17.5 -25.6 39.8 44 .0 70 0 1 114 7.7 9.6 
HARROW -0.2 -1.4 16.0 -14 .0 12.6 81.6 109 0 " 73 ·10.8 14.J ' . 
l<APUSKASING -8.S 1.1 12.0 -35.0 26. 1 21.4 40 11 6 174 1.8 1.8 
OTTAWA -:J.6 -0 .1 15.5 -24.5 55.6 69.6 117 12 12 157 6.5 6.5 
SMITHrl[LO -1.S -0.1 16.7 -22.7 34.7 '70.8 83 0 8 .. 14.4 15.0 

. . 

Courtesy of Aqriculture t;onodo Courtesy of Aoriculture Conodo 
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__ continued from page 5 

Snowfall totals were above nonnal in 
all areas, with a number of locations in 
Nova Scotia recording more than double 
their nonnal for the month. Several loca­
tions reported the third highest snowfall 
total on record for the month of March. 
Halifax, reponed a total of 98.6 cm, setting 
a new record for the month of March (rec­
ords began in 1961). The previous record 
was 93.5 cm set in 1971. 

During the first three weeks of the 
month it felt as though winter would never 
end, as a series of stonns battered the Ma­
ritimes. Some locations had received over 
100 cm of snow by the time the last stonn 
had moved away. While the snow banks 
grew, snow removal budgets dwindled in 
many are.as. Suong winds, freezing pre­
cipitation and rain also accompanied these 
stonns. Schools and businesses were shut 
down and all forms of transportation were 
disrupted. Power was interrupted, as well, 
there were numerous cancellations and ac­
cidents. 

The highlight of the month was a fierce 
stonn that struck the Maritimes on the 
weekend of the 13th and 14th. After devas­
tating the east coast of the United States, 
the storm moved into the region, bringing 
strong winds, snow and rain. 

The snow began falling late on Satur­
day, the 13th, turned to freezing rain, ice 
pellets, and then to rain, with the largest 
amount of rain falling in Nova Scotia and 
the heaviest amounts of snow in parts of 
northern New Brunswick. The Halifax 
area of Nova . Scotia received 36 mm of 
rain in 6 hours on top of 12 cm of snow. 
Winds were extremely strong, with many 
locations reponing gusts in excess of l 00 
km/h. She.arwater, N.S., reported a gust to 
119 km/h, but the maximum occurred at 
Grand Etang, near Cheticamp, N.S., with a 
gust to 211 km/h. The stonn caused power 
outages, propeny damage and transpon­
ation delay·s. In the Cheticamp area of 
Nova Scoti~ the hurricane force winds left 
a path of tom roofs and damaged houses. 
The 15 patients at Sacred Heart Hospital 

Climatic Perspectives 

had to be evacuated after high winds 
ripped a large section of roof from the 
building. In other ~. the wind caused 
flight delays and cancellations, and foft:C(l 
Marine Atlantic to cancel ferry crossings 
from various pons. Windows were broken, 
shingles torn from roofs and siding 
stripped from houses, as well as wide 
spread power outages and some localized 
flooding. 

Conditions were not much bette'l off­
sh ore, where hurricane-force winds 
churned up 15 to 20 meter waves. The 177 
meter ship Gold Bond Conveyor sank in 
heavy se.as, with all 33 of its crew lost early 
on the 15th, about 110 nauticaJ miles south 
of Cape Sable Island, N.S. 

Extremely cold air spread into the Ma­
ritimes late on the 17th, causing tempera­
tures to drop dramaticaJly. Some parts of 
northern New Brunswick experienced a 
temperature drop of 25•c in 18 hours. In 
Nova Scotia, the temperature dropped 
from overnight values of around 6·c to 
-1o·c early on the 18th. New daily record 
low minimums were set on the 18th and 
19th. 

It has also been a bad year for ice, with 
many harbours in Nova Scotia jammed by 
ice packs. Pack ice that drifted into the 
Halifax Harbour on the 17th, tied up the 
Halifax-Danrnouth ferry service and sent 
hundreds of commuters looking for alter­
native transportation. 1be ferries have not 
been tied up since the big ice-up in 1986, 
when the service was shut down for eight 
days. 

Sunshine was abQve nonnal in most 
areas, with northern New Bnmswick re­
ceiving the mosL The exception was at 
Yannouth, N.S., where the total was 11 
hours below normal. 

The first real sign that winter might be 
coming to an end arrived on the 26th, when 
very mild aitmoved into the region. Maxi­
mum temperatures climbed to record­
breaking values on the 26th, 27th and 28th. 
Saint John, N.B .. reponed a maximum 
temperature of 16. 1·c on the 27th, tying 
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their record high maximum for the month 
of March set on the 30th in 1945. Records 
at Saint John date back to 1871. . 

A changeable weather pattern prevailed 
across the Island, with below-nonnal tem­
peratures and hight-z than normal snow­
falls. The first three weeks were the 
coldest. but during the final week of the 
month, the temperature in some areas, 
climbe.d 10 the double digits. Overall, the 
temperature averaged almost 3•c below 
normal, and the Labrador ice pack has 
drifted funher south than usual for this 
time of the ye.ar. 
~ Lake recmled the lowest tempera­

ture, -29.o·c. while at the othe.r exb'eme, 
St. Lawrence in the south, reponed a maxi­
mum of 12.4 ·c. Precipitation was above 
normal, with most of it falling during the 
first three weeks of the month. Gander, on 
March 18, received 58.6 cm of snow, a 
new record. Surprisingly, hours of bright · 
sunshine over most of the Island were 
higher than normal. 

Westerly winds prevailed throughout 
the month. At the infamous Wreckhouse. 
winds were recorded at 177 km/h on the 
14th. 

A colder month of March, with more 
sunshine and less precipitation was the 
overall picture for Labrador. The tempera­
ture ave.raged nearly 4 ·c colder than nor­
mal; accordingly. there is a vast area of sea 
ice off the coast of Labrador. On March 5, 
Goose Bay set a new minimwn tempera­
ture reccrd of -33.o·c. Almost all areas 
rcponed · less precipitation than normal, 
with the average departure being approxi­
mately 30 cm. The exception was Goose 
Bay, which had 43.7 cm more snow than 
usual. 

Sunshine was above normal across 
most of Labrador, with Churchill Falls re­
poning 65.6 hours more sunshine than 
usual. 


