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In the Yukon, the cool and damp
weather of the previous month con-
tinued into July. At Whitehorse 6

dally low temperature records were
s 58 it established, and on July 19 the mer-
.2 cury dropped to -0.5° establishing a
y record-low for July. But, towards
0 the end of the month summery weather
arrived over the Yukon and the
7 ; Mackenzie Valley. Daytime tempera
7 2 tures rose to 33° at several loce
tions in the vicinity of the Great
7 2 > Slave Lake. The eastern Arctic and
/ 5 the Far North enjoyed warm weather
7 for the first 3 weeks; however,
/ // cooler temperatures returned near
4 the end of the month. Weather sys-
04, ‘ tems crossing the Mackenzie Valley
e & deposited 30 to 90 mm of rain over
0 0 the western Arctic and helped to
0 keep the number of forest fire below
( average. Elsewhere, precipitation
il 14 . pattern was quite variable ranging
Y . fron 5 per cent of normal at Coral
1 Harbour to 242 per cent of average
¢ at Mould Bay. The North experienced
4 LR q MEAN TEMPERATURE rather dull weather in July, hours
; < Y JULY 1984 of bright sunshine were below normal
4,?‘ > i e almost everywhere. Clyde recelved
%0 the most sunshine - 441 hours.
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British Columbla

Pleasant sunmer weather predom
inated over a large portion of the
Province as most Pacific weather
systens were deflected towards the
North Coast, where unfortunately
weather conditions were unsettied.
In general, +the Queen Charlotte
Islands, the north coast and the
adjacent coastal mountains were
wetter than nommal. Prince Rupert
recelved 222 mm of rain, more than
twice the normal precipitation for
t+he month. In contrast, all other
areas of +the Province with the
exeption of the east Kootenays were
significantly below normal in rain
falle Most locations in the south

i+l

Canada




2B

PER CENT OF NORMAL
PRECIPITATION

JULY 1984

TOTAL PRECIPITATION
JULY 1984
mm

received only 25 to 50 per cent of

thelr normal expected rainfall.
Victoria City had no measurable
precipltation during July. Sunshine
was plentiful In all districts
except the North Coast, Sandspit
received only 148 hours. Record

amounts of sunshine were enjoyed in

many communities of the southern
Interior. Victoria City was the
sunniest location In the Province,

recelving more than 400 hours of
bright sunshine during the month.

Prairies

Hot and very dry weather condi-
tions created serious draught condi-
tions for prairie farmmers In the
south and brought an outbreak of
forest fires In the more northern
forest disfricts. Precipitation
totals in many areas of southern
Saskatchewan since April 1 have been
less than 50 per cent of normal;
Moose Jaw received only 35 per cent
of Its normal rainfall. Lethbridge
had 36 conseautive days withaut any
measurable rain. North Battleford's
rainfall was the lowest ever ob-
served In July since records began.
Maximum temperature readings in the
thirties were almost a daily ocaur-
rence. Towards the end of the month
several locations in Alberta and
Saskatchewan reached daytime maxi-
mums of 38°. Uranium City recorded a
new all=-time high temperature of

34,7° on July 28. Severe weather
struck several communities on July
8. Hall and three tornadoes cut a

swath of destruction from Brandon to
the southeast corner of Manitoba. An
area northeast of Weyburn Saskatche-
wan, had heavy thunderstorm on the
evening of July 30, rainfalls were
as high 240 mm. '

Ontario

July's temperatures were near
normal across Ontario. Mean values
ranged from about one degree colder
t+han normal in the South to slightly
warmer than average In the North. In
southwestern region, July was the
coolest since 1976. Frequent thun-
derstorms prodiced quite a mixed
ralnfall pattern, Atlikokan recelved
156 mm - the most July rainfall
since 1972 and 127 mm at Eariton

. «scontirued on page 8B
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I GROWING DEGREE-DAYS
% TOTAL TO END OF JULY
[ il?'
o | & GROWING DEGREE-DAYS g R
s (SEASONAL TOTAL
rO END OF JULY, 1984) BRITISH COLUMBIA

Kanloops 1362 1241 1396
i Penticton 12351 1152 1319
| Prince George 686 123 7174
i Vancouver 1171 1152 1152
ﬁ Victoria 1069 1076 1054
f ALBERTA
Cal gary 846 749 840
Edmonton Mun. 1049 877 884
Grande Prairie 768 748 848
Lethbridge 1028 858 1033
Peace Rlver 7195 713 838
SASKATCHEWAN
' Estevan 1217 951 1117
: Prince Albert 975 155 930
’ Reglina 1104 789 1035
f Saskatoon 1081 880 1033
f Swift Curent 1016 758 1008
]
1 MAN I TOBA
‘ Brandon 1043 789 1047
) Dauphin 1020 157 1003
f Winnipeg 1092 875 1106
g
y ONTARIO
; London 1246 1029 1283
e Muskok a 1072 907 1056
North Bay 1014 827 1036
_ Ottawa 1298 1042 1262
il 3 Thunder Bay 931 123 858
1 < s; GROWING DEGREE-DAYS Toronto 1199 1034 1281
1l ' 28\ D) 1Y 1084 Trenton 1199 1022 1272
il 52}5? Windsor 1461 1215 1500
: QUEBEC
i Baie Comeau 961 542 938
{ Montreal 1512 1040 1295
Québec 1107 876 1065
» Sept-l les 620 507 611
" Sherbrooke 995 829 1138
‘1 NEW BRUNSWICK
I Charlo 905 115 897
£ Fredericton 1101 914 1057
0 8| Moncton 1004 857 957
: )
) NOVA SCOTIA
Hallfax 946 826 905
Sydney 910 714 797
Yarmouth 858 743 756
i PRINCE EDWARD |SLAND
55 Char lottetown 992 829 881
O Yeid | i \ NEWFOUNDLAND -
| ‘
H E::] More than or equal to 11070 of normal ‘/ ~ (Ssir.\dighn's ;?7?] i?r% 584
e Less than or equal to 909 of normal  ~ A % Stephenvil le 849 724 679
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WARMER CL IMATES AND THE ARCTIC
by
H. Hengeveld
Canadian Cl Imate Centre

INTRODUCT ION:

Recent articles in Climatic
Perspectives have addressed the
subjects of global climate change
(Vol. 6 (19) May 18, 1984) and the
threat of possible climatic warm-
Ing due to rising concentrations
of atmospheric o, (Vol. 5, June
1983). The magnitude of climate
change on a global scale, however,
often appears to be of Ilittle
concern to members of socletles
who already regularly experlience
much |arger reglional varlations of
thelr climates. Canadians In par-
ticular, 1living along the cold
margins of habltable earth, must
cope with large year-to-year cli=-
mate fluctuations that bring with
then Increased risk to the soclo-
economic actlivities of our caun-
try. Hence, the real threats and
/or opportunities of a global
climate change only become evident

when translated into recognizable
terms of regional climates. This
article, dealing with climate
change and the Arctic, 1Is +the
first of several which will ex-

plore the possible Implications of
a global COZ-Induced warming on
the enviroment of Canada and
hence Its cltizens.

CLIMATE CHANGE IN THE ARCTIC: THE
PAST

The Arctic terrestial surface
Is abundant with evidence that
todays climate, on a time scale of
millenla and longer, Is not normal
but only a momentary state of a
constantly changing environment.
Major Ice ages have come and gone
at reqgular 100,000 year Intervals,
while signlificant although smal ler
warm and cold perlods have suc-
ceeded each other In between. In
the Arctic these changes appear to
have been significant amplifica-
tions of simllar changes In the
global climate. This magniflcation
of global change Is largely re-
lated to the role of snow and Ice
as reflectors of Incamning sunlight
and Insulators of the ocean sur
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faces.
On the regional scale, cli-
mate change becomes consliderably

more ~camplex, within one area
often displaying changes quite
different In characteristics fram

those In an adjolning reglion. For
example, during the most recent
Ice age, the northwest Canadian

Arctic remained largely Ice free
while most of the North American
contlinent was covered with a mas-
slve ice sheet. Simllariy, during
perlods of glaclal accretion of
some Arctic Ice caps (e.g. the
Greenland Ice cap), others appear
to have decreased In slze (e.g.
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Ellesnere Ice caps), and vice
versa. Hence cautlion must be used
In discussing the characterlistics
of Arctic climate change, slince
Its manlfestation may vary across
the north.

Two warm perlods during the
last 10,000 years are of signifl-
cant Interest as possible analogs
for futue climate warming. The
warmest, known as the Alti- or
Hypslthermal, occurred during the
peak of the current Inter-glacial
some 5-8000 years ago. During this
period the Arctic climate was
still significantly dominated by a
resldual Ice sheet over northern
Québec-Labrador. While average
global temperatures were about
1.5°C warmer than today, evidence
suggests that the Arctic warming
was considerably larger (3-4°C
warmer than today), with District
of Mackenzie possibly as much as
11°C warmer. Summer temperature
Increases were more modest,
averaging about 1-3°C and peakin
at v5°C In the Mackenzle District.
Conditlons In general were wetter
than today. The tree-line moved
about 200-300 km north of Its
present location. The subsequent
cooling was Interrupted by several
woaker, but significant warm
perlods, +the latest ocaurring
approximately 1000-1200 years ago.
During this latter period, based
on terrestlal, archeological and
historical records, the Vikings
established farming colonies on
Iceland and south-west Greenland,
Inults were present on Ellesmere
Island, cyclone tracks moved some
3-5° northward to 60-65°N and the
treeline was approximately 100 km
north of todays locatlion. Sea Ice
lImits retreated 1000 km northward
to 80°N, with a 20% reduction In
Arctic sea lce cover. Yet global
average temperatures were only
about 1°C warmer than today.

Finally, meteorological re-
cords of the last 100 years
(Figure 1) Indicate global temper-
ature varlation of about 0.6°C
with a trend to warmer conditions
while conaurrent Arctic tempera-
tures display a range In arlation
of 2°C. Hence past climates con-
sistently suggest +that Arctic

climate varlations are ampllfied

by a factor of 2-3 with respect to
those of global climate.

THE FUTURE

Prediction of futue climate
Is a complex problen, Involving
many varlables and dependent on an
Inadequate sclientific understand-
Iing of the processes to be con-

sidered. The results of stulles
todate remain highly uncertaln.
Sclentists, however, general ly

agree that a significant cllimate
warming Is about to take place.
This conclusion 1s based on
sclentific research results indi-
cating the probable domination of
man-made Influences on climate,
particularly relating to rising
concentrations of atmospheric co,,
over all other natural causes of
climate change during the next few
centuries (see Climatic Pers-
pectives Vol. 6, (19) My 18,
1984) . The timing and magnitude of
such a warming remalns an actively
debated question. Present under-
standing suggests a probable
global warming of 1.5°C to 4.5°C
for a doubled concentration of
atmospheric CO,. This Is likely to
ocaur during the second half of
the 21st century. Such a warming
would equal or exceed the warmest
climate of the earth during the
last 100,000 years. Although the
characteristics of such a warming
are difflecult +to parameterize,
Intricate numerical models of
global climate, together with
stulies of past climates, can
provide some Important clues.
Following are patterns that emerge
for the Canadlan Arctic.

Temperature. As already sug-
gested by the above review of past
climates, results of mathematical
model experiments Indicate that
Arctic warming will likely exceed
global warming by a factor of 2-3.
Furthermore, winter warming would
be much greater than that of sum-
mer. While winter warming could
reach 10-15°C, Arctic summer warm-
Ing would not |lkely exceed 3-4°C.
Preciplitation. A displ acement of
dominant storm +racks northward,
together with Increased moistue
avallability from expanded areas
of Ice free oceans, appear |lkely

to result In a significant in-
crease In precipitation, with some
areas exerliencing as much as
40-50% Iincrease. Snow season will
be shorter, but greater snow
depths may actually accumulate due
to preclpitation Increases. Hence
river runoff would Increase and
peak earlier In the year. | n-
creased sunmer evaporation will
partially offset the effect of
Increased precipitation during the
rainy season.

Permafrost. Increased winter

temperatures an” snow cover, to-
gether with warmer summers, will
result in the slow decay of the
thickness of the permafrost layer
(w30 metres/°C warming) . The ef-
fect on continuous permafrost zone
will be very slow, taking centu-
ries and millenia to stabilize.

Areas within the discontinuous
zone, where the permafrost |ayer
is relatively +thin and Inter-

rupted, will however |ikely dete-
riorate more rapidly, since a
shorter time Is required for the
frost to reach melting point. Land
instability, development of ther-
mokarst topography and |akes, and
ocaurrence of mudslides would
consequentl!y Increase.
Ilce: Fresh Water. Ice seasons
will became significantly shorter
due to later freezup and earlier
breakup of Inland Il|akes and
rivers. Preliminary studies sug-
gest seasons could reduce duration
by 4 to 11 days per °C of warming.
Hence Ice free seasons could
lengthen by from one half to more
than two months. Sea Ice on the
other hand, is Influenced by not
only temperature but also ocean
currents, salinity and predomlnant
winds. Studies of past climates as
well as results of numerical model
exper iments suggest a major re-
treat of southern Ice limits,
possible complete disappearance of
ice In the Arctic ocean durin mid
sunmer, and a Hudson Bay free of
ice year-round.

The prognosis for glacial ice
Is much more difficult. Increased
melting of Ice sheet margins dur-
ing warmer and longer summers
could very well be offset by net
annual Increase 1In snow depth
acaumul ation at higher glacial
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elevations. This could result in
increased glaclial flow and, hence,
Iceberg production.

Sea Level. Dur ing the expected
warming of the next 100 years,
thermal expansion of +the oceans
together with melting of temperate
glaclers are llkely to ralse sea
levels by % to 1 metre. A more
remote possibility exists of a 5-6
metre rise due to the disintegra-
tion of the West Antarctic Ice cap
(see Climatic Perspectives Vol. 5
(44) Nov. 4, 1983). Such an event,
If It does occur, would Ilkely
take 200 to 500 years to develop.

IMPLICATIONS OF A WARMER ARCTIC

The effects of a climate
warming as described on soclo~
econamic activities of our north
would be profound. |In general It
would result 1In a significant
Iimprovement of conditions of
northern |living, reducing the
hazards of human activities In a
harsh enviromment and Iincreasing
the potential for econamlic devel-
opment. |t would also Increase
land Instabllity, deterliorate
winter road conditions and result
in Increased storminess. Much work

remains to be done to assess
northern senslitivity to such
change. Some qualltative Infer-
ences however, can already be
derived. Following are some of
these:
Offshore Development
/Transportation. Major con-

straints of offshore marine acti-

vities In the Arctic are harsh
winter temperatures and less Ice
cover. Shipping 1Is presently

restricted to 4-6 months of the
year, wlth some areas of the high
Arctic tfotally [Inaccessible by
marine route. Costs of bullding
and operating powerful Ice-
strengthened vessels are high and
risk of damage suwstantial. Off-
shore resource exploration Is
similarly limited, with costly

drilling platforms remaining Idle
for much of the year.

lce free

sunmer conditions, reduced thick-
ness and extent of winter ice and
more clement winter temperatures
would dramatically reduce these
restrictions. Costs of design and
construction, operation and
Insuring offshore platforms and
mar ine vessels, as well as risk to
Iife and environement would be
swstantially reduced. Year round
operation would become a reallity.
On the other hand, potential
Iincrease for storminess, Increased
wave activity In lce free waters,
and possible Increase In Ice berg
popul ations In eastern Arctic
waters have negative, although
less substantial, Implications.

Fishing. Fish populations are
known to be highly sensitive to
ocean climate conditions. For
example, cod popul ations off West
Greenland were abundant during
that warm perliod of 1000-1200 AD

(historical reports), and more
recently during the 1920-1950
warm perlod, only to disappear
during suwsequent cool periods.

These changes are apparently
related to climate related changes
In ocean currents. How flish popu-
lation will migrate In Arctic
waters during a climate warming
are as yet unknown, although major
changes will undoubtedly take
place. Accessibllity to fishing
grounds will Improve as Ice condi-
tlons become less restrictive.

Agriculture and Forestry. Warmer

sunmer temperatues, longer grow-
Ing seasons and less severe Arctic
winters, together with high photo-
synthesls potential of long sunmer
days, bode well for a northern
agricul tural Industry under a
warmer climate. Soll |imitations
will however restrict this poten—
tlal to the Mackenzlie Valley and
smaller valleys of the western
Arctic. Whitehorse, for example,
could experience a 40% Iincrease In
both growing degree days and frost
free perliod (see Table 1.) while
Yel lowknlfe's Improvements would
be more modest at 34% and 18%
respectively. Similarly forest

productivity would increase suwb-
stantially, with a gradual migra-
tion of the treeline northward by
about 100 km/°C of global warming.
Natural wvegetation of the Arctic
landscape would change suwstan-
tlally as certain species thrive
and others disappear.

Other Implications Include
reduced heating costs, Increased
damage to bulldings and roads due
to decaying permafrost, shorter
seasons for using winter roads and
effects on migration of wildllfe.
While the uncertalnty surrounding
the reglonal characteristics and
magnitue of possible climate
change, as well as the sensitivity
of our northern soclety to such
change remains high, sclentists
are quite certaln +that +the
projected general trends will
materialize. A global warming,
with an amplified Arctic change,
now appears Inevitable. Much more
effort now needs to be dewoted to
reducing the uncertalinties,
quantifying the Impacts and
devising methods to mitigate or
adapt tfo them. |t calls for a
coordinated effort between the
var lous govermment, unlversity and
pwlic Interest groups, within
Canada, and international ly too.

Locatlion 1951-80 +23°C

GDD, FFD| GDD |FFD

Fort Simpson| 1094 79| 1525] 99
Inuvik 654 51| B826] 72

wh | tehorse 897] 82| 1269|115

Yel lowkn | fe 982 111| 1312|131

Compar ison:

Edmonton v1400(| 120

Table 1. Probable changes In

growing-degree days (GDD) and
frost free days (FFD) for varlous
Arctic locations for a global
2.3°C warming.
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ICE BREAK UP - HUDSON BAY 1984

2 AUGUST, 1984
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CLIMATIC EXTREMES - JULY, 1984

MEAN TEMPERATURE :

WARMEST
COLDEST

HIGHEST TEMPERATURE :

LOWEST TEMPERATURE :

HEAY | EST PRECIPITATION:
HEAV IEST SNOWFALL:

DEEPEST SNOW ON THE GROUND
ON JULY 31, 1984

GREATEST NUMBER OF BRIGHT
SUNSHINE HOURS:

Estevan, SAX 22.1"
Mould Bay, NWT 541°
Lytton, BC 40.5°
Clyde, NWT -2.6°
Moul d Bay, NWT

Prince Rupert, BC 222.3 mm
Cape Dyer, NWT 16.0 cm
Cape Dyer, NWT 12 cm
Clyde, NWT 441 hrs

«eo.continued from page 2B

proved to be the highest July
amount since 1969. |In sharp
contrast, Windsor recelved only
38 mm and a sparse 29 mm
provided the driest July since
1971 at St. Catharines. Hamilton
and Mount Forest were dry with
only 40 mm and Toronto recelived
a meagre 44 mm. The last 10 days
of the month were especially dry
in the South, little or no rain
fell across the I|over Great
L akes.

On July 15, tornadoes
carved wide paths of destruction
fron Ralphton to Deep River
along the Ottawa Valley.
Although these storms caused
extensive property damage and
Injuries In Ontario, the brunt
of the damages were felt on the
Québec side of the border.

Québec

Over most of Québec, mean
tanperatures were near nommal.
Temperature departures were

within 1° of normal along the St.
Lawrence Val ley; at Blanc Sablon,
a monthly mean of 12.7 brdcke the
old record dating back to 1975.
Preciplitation was less than 75
per cent of normal In the Hul l-
-Ottawa and Montreal area with

quantities 53 mm and 60 mm res-
pectively. However, rainfall ex-
ceeded 150 mm at Trols-Rivieres,
Sherbrocke and Quebec City. Sher-
broke recelived the most - 174 mm.
Over eastern Quebec, preciplitation
ranged from 68 mm at Gaspe to
137 mm at Blanc Sablon while the
northern portion of the Province
received amounts up to 141 mm at
Nitchequon. Hours of bright sun-
shine were close to normmal, but
275 hours of sunshine were 109 per
cent of normal at Chlbougamau.

On July 15, tornadoes ripped
through communities along the
Ottawa Valley. The vil lage of Blue
Sea Lake was the hardest hit where
many homes were reduced to rubble

and 1 person was killed and 38
others were Injured fram flylng
debris.

Atlantic Provinces

The East Coast enjoyed sunny
and warm weather during July. The
temperatures were above normal
throughout most of the Provinces.
St. Lawrence recorded the |argest
tanperature anomaly of 3°. It was
the warmest July slince 1975 at
many Maritime Ilocations; At
Hallfax, the monthly mean of 20.1°
was the highest July mean value
since 1961. During the last week

of July, a heat wave covered the
Maritimes and daytime temperatures

climbed 1into the Ilow thirties.
Precipitation was generally below
normal in Nova Scotlia and eastern
Newfoundland. A number of stations
recelved less than half their nomal
amount; for example, Sable Island
had only 26 mm making this the
driest July since 1945. Although
Labrador had excessive rainfall,
178 mm at Hopedale was 211 per cent
of normal. Eastern Newfoundland was
very dry, a meagre 41 mm at St.
John's was about 55 per cent of the
norm. |n New Brunswick, rainfall was
above normal. The dry weather
depleted soll molsture resources in
eastern Newfoundland and crops exhi-
bited moisture stress. Some crops
were suffering from stunted growth.
Dry conditions also contributed to
below average river levels in New-
foundland. Except for parts of
northern New Brunswidk and western
Nova Scotlia hours of bright sun-
shine were above normal across
Atlantic Canada. Eddy point received
the most hours of sunshine, 285.6,
however, with 268.5 hours of sun
Gander established record amount of
sunshine
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Station

Lethbr Idge
Br andon
Pllot Mound
Earlton
London
Ottawa
Thunder Bay
Toronto
Trenton

Wl arton
Wlndsor
Montreal

St Agathe
Sherbrodke
Fredericton
Truro

Char |lottetown

CORN HEAT UNITS

Seasonal Accumulation to the end of July

1984

1114
1304
1336
J12]
1609
1595
1111
15517
1573
908
1871
1693
1185
1324
1522
e
L |7 85

1983 Per cent of Normal
1058 112
TZ53 96
1372 100
1124 108
1548 97
1559 95
1102 111
1546 95
1544 92
1297 68
1845 98
1291 97
1187 74
1255 99
1271 98
993 111
1092 103

Canadl an Climate Centre
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Downsview, Ontarlio
M3H 5T4
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(416) 667-4711/4906
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ACID RAIN REPORT ISSUED BY ENVIRONMENT CANADA
FOR AUG. 5 - AUG. 11, 1984

S11E DAY pH AIR PATH TO SITE
Longwoods, 6 < U.S. Midwest
near London,
Ont. 8 3.9 I11inois, Indiana, Ohio.
Dorset ,* 7 4.3 Wisconsin, Michigan, across Lake
Muskoka, Huron and Georgian Bay.
Ont. 11 4.1 Wisconsin, Michigan, central Ontario
Chalk River 6 4.1 I11inois, Michigan, central Ontario.
Ottawa Valley,
Ont. 7 4.1 Northern Ontario, northern Quebec.
8 3l Northern Ontario, northern Quebec.
11 4.0 Wisconsin, Michigan, central
Ontario.
Montmorency, 6 4.9 Northern Ontario, northern Quebec.
Quebec City,
Que. 9 3.3 Maine, southern Quebec.
10 4.3 New Brunswick, Maine, southern
Quebec.
11 4.1 From the northeast off of the
Atlantic Ocean.
Kejimkujik, g 5.8 New York, New England states.
Southwestern
NeSs 8 38 New York, New England states.
10 4.4 From the southeast off of the
Atlantic Ocean.
11 4.7 From the southeast off of the

Atlantic Ocean.

* Data for Dorset supplied by the Ontario Ministry of Environment.

Environmental damage to lakes and streams is usually observed in
sensitive areas regularly receiving precipitation with pH less than
4.7. pH readings less than 4.0 are serious.

This report was prepared by the Federal Long Range Transport of Air

Pollutants (LRTAP) Liaison Office.

For further information, please

contact Dr. H.C. Martin at (416) 667-4803.




