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CLI.MA TIC HIGHLIGHT 
by 

P. Scholefield, Monitorfng and Predfctfon Dfvfston 

Another wara. Dry Month 
In the West 

d •fd-aonth breakdown of the 
persistent upper level rfdge 

B.C. peraftted a Pacfffc . ,. 
westerly flow to bring welcoae 
rains onto the drought-parched 
regions along the south coast. 
Most of the prec f pf tat f on though 
fell on the windward sf de of the 
e.c. aountafns and the systeas 
often failed to cross the Rockies. 
The result was another dry aonth 
over the P~airfes, the third fn a 
row for aost of the regions - the 
fourth for part of southern 
Saskatchewan where soae .we 11 s are 
drying up and drought fs again 
becoafng a concern. 

The accoapanying water budget 
tfae serfes analysts docuaents the 
progression of the aoisture 
balance durfng the past year at 
Moose Jaw. The dfscontfnufty fn 
the precfpftatfon accuaulatfon 
aap fs due to the annual re-
fnftfalfzatfon of the aodel fn 
October. The water ho 1 d f ng capa-
c tty (WHC) shows a teaporary 
re 1 f ef fro• the spr t ng potent fa 1 
drought by aaple afd-suaer rain. 

while the lack of snow cover 
f s another potent fa 1 prob 1 ea for 
faraers, and further west for 
sk I ers and organ f zers of the 
Calgary winter Olyaplcs, fn south-
western B.C., the war• spel 1 has 
been extended to an incredible 16 
consecutive aonths. 
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TIME-SERIES OF WATER BUDGET COMPONENTS TO DEC. 2, 1987 
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DEPARTURE FROM NORMAL 
OF 

MEAN TEMPERATURE 
(OC) 

NOVEMBER 1987 

MEAN TEMPERATURE 
(OC) 

NOVEMBER 1987 

ACROSS THE a>UNTRV 

Yukon and .Northwest Territories 

Nove11ber, 1987 was one of the 
mildest ever observed in the Yukon. 
Maximu• daily teaperatures rose 
above the freezing point on more 
than half the days under the influ-
ence of a . southerly flow. An out-
break of Arctic air in the •iddle of 
the aonth dropped temperatures down 
below -10°C. On the other hand, 
frigid air settled in over the rest 
of the Territories from the second 
week onwards, dropping temperatures 
to -40°C. Several systeas snowed 
across the Arctic dumping generous 
amounts of snow, particularly over 
Baffin Island where snow depths 
reached 100 cm. Blowing snow and 
b 1 i zzards usua 11 y accornpan i ed these 
storms. Precipitation over the Yukon 
was variable . Two Pacific storms on 
the 5th and 6th and another fro• the 
Arctic on the 14th produced heavy 
snowfalls which reached accuaula-
tions of above normal amounts in the 
Ogilvie aountains. 

British ColUllbfa 

A southeasterly flow of humid, 
aoist air produced above-noraal 
teaperatures over the whole province 
and precipitation amounts were above 
normal along the central and north 
coasts. The north and the subsidence 
regions of the interior received 
less precipitation than noraal. 
There was little variability in the 
temperature regiae as it reaained 
consistently above normal all month. 
Several monthly records were broken: 
Cranbrook (3.3°C above normal), 
Castlegar (3.1°C) and Revelstoke 
(4.2°C). Precipitation was variable 
with low and high records set. 
Mcinnes Island, on the central 
coast, reported 532.4 mm, 173% of 
normal. In the middle of the 1Ronth, 
the centra 1 interior and higher 
elevations in the south received 
their first major snowfalls. An 
intense windstorm on the 30th caused 
local power outages at Vancouver and -
Victoria and further to the north-
west wind gusts reached 181 km/h at 
Selander Island. By month's end, 
high altitude ski slopes had opened 
up. 



Prairie Provinces 

November was very afld, not 
only fn Alberta where they were 
starting to get used of ft, but also 
in Saskatchewan and Manitoba where 
ft was a p 1 easant change fro• the 
previous 11onth. It was the second 
consecutive month of above-normal 
temperatures in Alberta. Maximum 
temperatures c 1 f mbed above 10°C on 
several occasions. Calgary and 
Lethbrfdge reached 19°C on the 6th. 
Under clear skies, radiation cooling 25 caused the mercury to p 1 u•met at ,gg 
night, particularly during the third 
week of the month when an Arctic I 
outbreak affected eastern Alberta. 
Numerous locations experienced -10 400 
to 15°C temperatures with Fort 
Chipewyan recording the lowest, 
-19°C on the 19th and 25th. 

Associated with the ffne weath-
er were below-normal precipitation 
amounts across all of the Prairies. 
Snow cover, aore than 5 ca, was 
practically non-existent except in 
northern regions. Calgary received 
fts first heavy snowfall In the 
11iddle of the aonth but ft was far 
fro• what the Olyapic Gaaes organiz-
ers wou 1 d 1 f ke to have seen. They 
were also discouraged by the atld 
te•peratures which haapered atteaps 
to aake artfffcfal snow. Faraers 
were a 1 so concerned about the 1 ack 
of snow. 

Ontario 

Nove•ber f s se 1 do• a p 1 easant 
aonth fn Ontario. However the north-
west beneff ted fro• unusually atld, 
dry weather, while the northeast was 
dry and cool. It was cloudy and 
rainy fn the southeast with below 
noraa 1 teaperatures. In the south-
west ft was rather afld with above-
noraal precfpftatton. 

Teaperatures reached dally 
aaxf•u• record values at the begfn-
ntng of the aonth, particularly in 
the south (higher than 20°C). It was 
the waraes t Noveaber sf nee 1975 in 
Windsor, the afldest spot in the 
prov f nee. Two Arct f c outbreaks, on 
the 6th and 21st, signalled the 
arr t va 1 of winter with a draaat i c 
drop in teaperature (below -20°c in 
the north during the later out-
break). The snow belts in the lee of 
the Great Lakes received up to 20 ca 
of snow whfch pleased skiers. Freez-
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CLIMATIC EXTREMES IN CANADA - tl>VEMBER 1987 

MEAN TEMPERATURE: 
WARMEST 

COLDEST 

HIGHEST TEMPERATURE: 

LOWEST TEMPERATURE: 

HEAVIEST PRECIPITATION: 

HEAVIEST SNOWFALL: 

DEEPEST SNOW ON THE GROUND 
ON NOVEMBER 30, 1987: . 

GREATEST NUMBER OF BRIGHT 
SUNSHINE HOURS: 

AMPHITRITE, BC 

EUREKA# NWT 

·WINDSOR, ONT 

EUREKA, NWT 

ETHELDA BAV, BC 

CAPE OVER, NWT 

KUUJJUAQ, NWT 

MOOSE JAW, SASK/ 
CIMILI, MAN. 

9.1°C 

-33.5°C 

22.1°c 

-41. 1°c 

688.9 •• 

114.0 ca 

57 ca 

158 hours 

Ing rain fell in eastern Ontaro at 
the end of the •onth causing power 
failures. Kingston received a 
aonthly 24-hour record aaount of 
56.4 .•• precipitation on the 29th 
( records began at the airport in 
1967). ~ther Noveaber extreaes were 
the lowest snowfall (1.6 ca) at 
Windsor since 1973 and the heaviest 
•onth ly snowfa 11 ( 39. 6 ca) at 
London since 1970. 

Quebec 

Quebec experienced a rather 
cold aonth except in north central 
regions east of the juncture of 
Jaaes Bay and Hudson Bay, as we 11 
as southern Labrador where teapera-
tures were slightly -above noraal. 

As ts often typical at this 
ti•e of the year, teaperatures 
vart ed considerably through the 
aonth. Record highs on the 4th and 
at aid-aonth were fol lowed by 
periods of very cold weather which 
broke daily records, especially on 
the 20th and 21st in the south-
west. 

Every week brought vigorous 
storas. The first aajor snowfall 
caae to Quebec City at the begin-
n f ng of the aonth. Then eastern 
parts of the province followed. 
Centra 1 and northern portions got 
their snow by the th i rd week, and 
the south, on the 25-26th, and 
29-30th. At this tiae, Sherbrooke 
got 49 c• of snow, the second 
1 arges t snowf a 11 in 25 years. 
Dorval broke the record for a 24 hr 
rainfall amount twice reaching 56.2 
•• in 17 hours. The precipitation 
caused aany traffic ace i dents but 
it also led to the opening of aany 
ski centres. 

NarftfMS 

Noveaber was generally cold. 
Several storas affected the 
Maritiaes and Newfoundland, but 
precipitation amounts were below 
noraal except in the southeast 
where the aonthl~ totals were auch 
higher. Although temperatures were 
not auch below normal, some of the 
daily excursions· reached extreaes 
such as 19.5°C at Greenwood (on the 
5th) ·and -7.7°C at Fredericton (on 
the 7th). Frequent strong winds 

•••• continued page 11B, Regions 
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Mean 50 kPa height anoaaly (daa) Mean 50 kPa heights (dam) 

MEAN 50 kPa CIRCULATION 
flJVENBER 1917 

Alain Cail let, Monitoring and Prediction Division 

The heaispheric 50 kPa circu-
lation pattern haa continued to 
respond to the 1e11onal cooling 
trend except over the northeast 
At 1 ant f c where there has been an 
increase in geopotential heights. 
In fact there haa been a long-
wave rtdge off the west coast of 
England influencing the circula-
tion over western Europe since 
Aprf 1 1987. Further upstreaa the 
effect of the persistent ridge was 
to a 11 ow the ax f s of the eastern 
Canadian trough to be displaced 
further east than usual. The 
pattern over North Aaerica looks 

to be near noraal but the gradient 
is stronger than noraal because of 
the deeper trough over the east 
and the aore pronounced ridge west 
of the Great Lakes. 

The trough and ridge over 
Canada are in direct response to 
the negative height anoaaly south 
of Alaska which has persisted for 
severa 1 aonths and appears to be 
related to the El Nino condition 
in the tropical Pacific which 
coaaenced late in . 1986. A series 
of short-wave positive and nega-
t f ve anoaalies aoved across the 
country during the aonth and the 

average ended up as an intensifi-
cation of the ridge wfth a posf-
tfve hefght anomaly across the 
southern part of the country. 

This reg i 11e extended the 
posftfve anoaalies of the pre-
vious aonth in the west (page 
2B). Note the lack of correspon-
dence between the height and 
temperature anomalies over south-
ern Quebec and eastern Ontario 
due primarily to the anticyclonic 
circulati-on around high pressure 
centres over the Dakotas. 
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SEASONAL SNOWFALL 
TO ENO OF 

NOVEMBER 1987 ·. 

(cm) 

WATER EQUIVALENT OF 
SNOW COVER 

(mm) 

DECEMBER 2, 18i1· 

SEASONAL WALL TOTALS (CM) 
TO Etl> OF tlJVEMBER 

1917 1916 ll)AMAL. 

WKON TERRITORY 
Whitehorse 40.2 63.4 
r«JRTIIWEST TERRITORIES 

. Cape Dyer 197 .6 227 .2 
Jnuvik 75.1 53.6 
Yellowknife 84.8 24.2 

BRITISH COLUMBIA 
Kaaloops 2.0 32.0 
Port Hardy o.o 0.6 
Prfnce Georg~ 31.5 67.0 
Vancouver o.o 0.0 
Victoria o.o o.o 

Al.BERTA 
Calgary 
Edaonton Naaao 
Grande Prairie 
SASKATatEWAN 
Estevan 
Regfna 
Saskatoon 
MANITOBA 
Brandon 
Churchill 
The Pas 
Winnipeg 

ONTARIO 
Kapuskastng 
London 
Ottawa 
Sudbury 
·Thunder Bay 
Toronto 
Windsor , 
QUEBEC 
Bafe Coaeau 
Montreal 
Quebec 
Sept-Iles 
Sherbrooke 
Val-d'Or · 

NEW BRUNSWICK 
Charlo 
Fredericton 
Moncton 
tlJVA SCOTIA 

6.6 26.5 
1.7 30.4 
9.6 40.5 

1.0 14.2 
5.4 72.2 
1.8 15.6 

7.0 11.6 
36.1 52.0 
34.2 30.6 
11.4 47.6 

54.8 
40.0 
39.2 
46.4 
14. 1 
6.6 
1.6 

19.2 
29.8 
16.0 
19.4 
64.3 
44.0 

5.0 
18.4 
31.1 

104.6 
16.6 
23.0 
30.5 
34.2 
14.2 
9.0 

74.4 
35.9 
62.2 
65.9 
68.4 
69.8 

79.0 
16.9 

* 

42.5 

241.3 
75.6 
56.7 

12.4 
4.2 

50.0 
2.8 
2.3 

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 

Shearwater 36.9 22.8 9 .5 
Sydney 2.6 42.4 14.6 
Varaouth 15.4 14.4 8.3 
PRltCE EDWARD ISL.AND 
Charlottetown 23;7 23.8 24.2 
NEWFOUtl>UND 
Gander 
St. John's 

33.2 137.6 
23.4 67.1 

44.1 
25.6 



SEA50NAL TOTAL Of HEATI-. 
DEGREE-DAYS TO DI> Of MJVENBER 

1917 1916 IIJRNAl 
BRITISH COLINUA 
Kaaloops 730 
Pentfcton 734 
Prince George 
Vancouver 
Victoria 

YUKON TERRITORY 

1284 
635 
750 

943 
895 

1510 
757 
831 

Whitehorse 1698 2033 
M>RlltWEST TERRITORIES 
Frobisher Bay 2753 
Inuvik 2601 
Yellowknife 2013 

• 
Al.BERTA 
Calgary 1193 
Ed•onton Mun 1168 
Grande Prafrfe 1313 
SASKATCHEWAN 
Estevan 1136 
Regfna 1249 
Saskatoon 1266 
MANITOBA 
Brandon 
Churchf 11 
The Pas 
Winnipeg 

ONTARIO 
Kapuskasfng 
London 
Ottawa 
Sudbury 
Thunder Bay 
Toronto 
Windsor 

• 
QUEBEC 
Bate Coaeau 
Montreal 
Quebec 
Sept-Iles 
Sherbrooke 
Val-d'Or 

NEW IIRUNSWlat 
Charlo 
Fredericton 
Moncton 
tlJVA SCOTIA 

1333 
2263 
1508 
1173 

1526 
865 

1037 
1207 
1286 
880 
717 

1516 
989 

1213 
1542 
1229 
1515 

1270 
1098 
1043 

Halifax 878 
Sydney 971 
Varaouth 932 
PR ltcE EDIIIARO ISLtJI> 
Charlottetown 988 
NEW1Ml>UII) 

3076 
2880 
2197 

1495 
1490 
1661 

1340 
1475 
1530 

1562 
2605 
1753 
1438 

1757 
903 

1073 
1323 
1465 
938 
109 

1715 
1040 
1300 
1779 
1301 
1672 

1506 
1266 
1274 

1029 
1193 
1041 

1196 

931 
875 

1522 
794 
850 

1954 

2739 
2826 
2092 

1388 
1398 
1574 

1241 
1366 
1405 

1349 
2253 
1556 
126q 

1475 
829 
950 

1186 
1308 
819 
690 

1435 
872 

1087 
1512 
1186 
1414 

1138 
1013 
995 

814 
908 
864 

925 

Gander 
St. John's 

1232 1482 1191 
1179 1415 1145 

7B 

Values equal perccntaae or normal 

More than or equal to 110% or normal 

., 

Values equal percaiiaae of normal' 

$r .----

HEATING 
ENERGY REQUIREMENT 

FOR 

NOVEMBER 1987 

HEATING DEGREE DAYS 

HEATING 
ENERGY REQUIREMENT 
SEASONAL TOT AL TO 

END OF 

NOVEMBER 1987 

HEATING DEGREE-DAYS 
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Co2 and Climate 
by 

HENRY HENGEVELD, Canadian Cli•ate Center 

SecaxJ part of a thr,t;e part article al C8J:DaJ di.oxide arxJ climate, frat1 the 8IDJIJl. _report: ''Un:Jer~ 
W2 arxJ the cliJIJa.te . After the effects of hUD1J11 activities al the vBJnsitim of the llt:1trJs]'nere , the 
repercuti.aJS al the climate. ' 

. \ 
Cliaatic Response: How Will 

Changing Atmospheric COaposttton 
Affect Cliaate? 

Si111.1lating Clfaatfc Change: 

ch of the research into 
understanding how an enhanced 

greenhouse effect will affect 
cliaate continues to focus on 
aathematical models of the physi-
cal processes within the global 
climate system . The range of esti-
mates fro• such •odels for the 
global war•ing effect of an equi-
va 1 ent doub 1 i ng of ataospher i c 
co 2 is still large (1.5 to 
4.5°C). However, results fro• 
recent experiaents with several of 
the more advanced equilibriu• 
general circulation •odels (GCMs) 
indicate values in the upper half 
(3.5 to 4.2°C) of this range. 

11 •••• \t.enner g loba 1 c 1 inetes in-
di cate a ~le nrl.Jction in 
the cl1l)lJf1t, of 1 o,.er 1 eve 1 tropo-
sp,eric clcuts ...• in the tropics 
ard mid- latitu:les. 11 

Jntercoaparison of the re-
sults of various •odel experiaents 
show close agreeaent in their 
projections for co2 induced 
global waraing if the feedback 
processes are not included. As the 
various feedback processes of the 
cliaate syste• are added into the 
aodels, variations in how the 
processes are described in differ-
ent aodels beco•e apparent. Hence 
the more coaplex models which 
inc 1 ude these processes begin to 
differ significantly in their 
experiaental output. The aost 
significant factor in this uncer-

tainty appears to be the poor 
understanding of how changes fn 
low-latitude cirrus and high-
latitude stratus clouds will af-
fect cllaate. The lack of adequate 
Inclusion In the aodels of vegeta-
tion cover as a significant factor 
In describing energy and water 
exchange between surface and 
ataosphere is also recognized as a 
aajor deficiency. Surface albedo 
studies, for exaaple, suggest that 
snow-covered far• fields aay be 2 
tiaes aore reflective to incoafng 
solar radiation than adjacent 
forested areas, and 1.2 tiaes aore 
than tall grasslands. . 

Specific results fro• various 
c r i aate change exper i aents, as 
reported during the past year, 
include the following: 

• Studies by the Geophysical Fluid 
Dynaalcs Laboratory (GFDL) into 
c 1 oud response to waraer g 1 oba 1 
c 1 i aates Indicate a probab 1 e 
reduction In the aaount of lower 
level tropospheric clouds in the 
aolst and convectively active 
rainbelt regions of the tropics 
and aid-latitudes. A•ounts of 
higher level stratospheric cloud 
are 1 f ke 1 y to i-ncrease in a 11 
regions, as will the low stratus 
for• clouds In the aid-to-high 
latitudes. 

• A GCM study Into the trop i ca 1 
effects of a doubled co2 
( 2xco2) g 1 oba 1 war• i ng, con-
ducted by the National Center 
for Ataospheric Research (NCAR), 
suggests an increased sea sur-
face teaperature of 1-2°C, a 
large increase in precipitation 
in the tropical Paci fie and a 
reduced rainfal 1 in Ast an aon-
soon regions. such .projections 
are slaflar to the consequences 

, ..... 

C 

of the recent Pacific war• 
event (El Nino) of 198i-83. 
Since the aodel did not allow 
for the effects of ocean circu-
1 at ion, the resu 1 ts are 'to be 
used with caution. 

11 ••• stlcy ... suggests that, by 
2CXXl KJ, avera~ g looa 1 surf ace 
te,~ature wi 11 be 1 ° \t.enner 
than that Of 185() KJ. II 

• An experiaent conducted by the 
GFDL, using a GCM s i ail ar to 
that used in previous studies 
but aodif ied to include a re-
sponsive cloud coaponent in the 
aodel, has provided the aost 
recent global cliaate scenario 
for an equivalent co2 doub-
ling. Coapared to earlier 
experiaents, the results 
suggest a auch drier aid-
continental North Aaerfca, 
western Europe and Siberia in 
the suaaer season. This in-
creased dryness, together with 
a auch higher increase in 
suaaer teaperatures in these 
regions, appear statistically 
significant. The authors of the 
study attribute the drier con-
di t Ions to earlier snow ae 1 t, 
earlier onset of the suaaer dry 
season due to a poleward shift 
in the rainbelt, and intense 
evaporation in late spring. 
These in turn decrease regional 
cloudiness, allowing aore solar 
insolation. Much of the solar 
energy is converted to . direct 
heat rather than latent heat 
because of lack of surface 
aoisture available for evapora-
tion. The related projections 
for regions within Canada are 



INCREASE IN 
SURFACE TEMPERATURE (°C) 

FOR 2 X CO2 
CLIMATE SCENARIO 

(June - July - August) 
Projected by Manabe and Wetherald 

1986 

SOIL MOISTURE CHANGES 
(%) FOR 2 X CO2 

CLIMATE SCENARIO 
(June - July - August) 

ProJected by Manabe and Wetherald 
1986 
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Scenario for 2 x type cl lute over Cllnada, as projected by one of the nuaerl cal IIOdels (GFDLL, 1980) . 
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illustrated on the previous 
page. Caution in using these 
results must again be advised, 
given aajor deficiencies of the 
aodel fn how surface water bud-
gets, cloud characterfstfcs and 
ocean dynamics are para11eter i z-
ed. 

• A study into how global cliaate 
will change in response to gra-
dual increases fn co2 concen-
trations, using a tiae-dependent . 
transient response type aodel, 
suggests that, by 2000 AD, aver-
age global surface teaperature 
will be 1°C warmer than that of 
1850 AD. 

The GCM under developaent at 
the Canadian Cliaate Centre is 
scheduled for use in Its first 
2xco2 experiaents - in the para-
meterization of several of the 
most sensitive feedback processes 
w f thin the 11ode 1 proin i se to pro-
vi de significant advanceaents to 
the global cl iaate model 1 ing ef-
fort. Iaproveaents in paraaeteri-
zations have focussed on the radi-
ation code, t he surface hydrologi-
ca 1 eye 1 e, sea ice and c 1 oud 
cover. Recent control runs show a 
auch i•proved sfaulatfon of low 
level cloud patterns around the 
world when coapared to results of 
other a.ode 1 exper i •ents. Further 
model adjustaents and control runs 
are in progress and are planned 
to be coap 1 eted in the su11111er of 
1987. 

Studying Past Cliute 

While aodellers continue 
their efforts to iaprove their 
capacity to predict future cli-
aate, historical and paleo 
cl iaatologists are actively seek-
ing clues on planetary response to 
global war• periods in the earth's 
cliaatic past. For exaaple, a 
recent discovery of the reaarkably 
well preserved unpetrified reaafns 
of ancient forests on Axel Heiberg 
Island, fn the Canadian high 
Arctic, clearly deaonstrates the 
past occurrence of te•perate type 
cli•ates fn polar regions, pre-
sently hoae · to bitterly cold and 
hostile environaents. The forest 
reaains, dating as far back as 45 
mi 11 ion years ago, revea 1 a se-
quence of 19 different forest 
regiaes, star.ting with a war•-
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temperate type and concluding with 
a boreal type soae 6 aillion years 
ago. The forests were eventually 
replaced by fee sheets about 3 
aillfon years ago. Meanwhile, 
studf es fnto aore recent cl iaate 
variations of post-fee age tiae 
scales increasingly point to a 
very stable global cliaate during 
the past 10,000 years. During this 
tfae period, teaperature fluctua-
tions appear not to have exceeded 
a range of 1 to 2°c. The global 
distribution of precipitation 
during this saae tf•e period, 
however, has exhibited 1 arge and 
extended variations. Thus a aajor 
2xeo2 global waralng of 1.5 to 
4.5°C as projected by aodels, aay 
be aore than twice as large as 
anything exper I enced s i nee the 
last fee age and have as Its 
priaary consequence the very large 
sea 1 e red is tr i but I on of g 1 oba 1 
fresh water resources. 

Monitoring Recent Cll•tic Trends: 

A nuaber of reports have 
recent 1 y been pub 1 I shed on f nde-
pendent studies into global and 
regional clfaate trends during the 
past several centuries. Although 
in aany respects the results 
differ, several conclusions appear 
to emerge, as follows: 
• Temperature trends in western 

regions of the Canadian bore a 1 
forest indicate a statistically 
significant warafng trend, fro• 
1872-1981, of 1.11 to 1.9°C per 
century; 

• Europeans appear to have experi-
enced coo 1 /wet c 1 i aates during 
1900-30 and 1950-69 and wara/dry 
c 1 i aates f roa 1930-50 and 1969 
to present. Changes fro• one 
regfae to the next appear to 
occur as distinct discontinui-
ties, with the last Juap to the 
present wara/dry period being 
. the 1 arges t. I nterannua 1 and 
annual variabilities appear to 
be greatest during the wara/dry 
periods; 

• European and cont i nenta 1 USA 
cloud covers appear to have been 
greater in extent during the 
19311-53 war• period than In the 
cooler period of 1901-20; 

• In the vertical, global aean 
ataospheric teaperatures since 
1957 exhibit a statistically 
significant waralng below 200 ab 

and a possible cooling above 
this level. Both trends becoae 
evident after 1964; 

• Present average global surface 
air teaperatures appear to be 
0.3-0.7°C waraer than in the 
aid-19th century. This trend is 
evident in both heafspheres, 
over land and sea. The warafng 
has been particularly rapid 
during the past decade, with 
1980, 1981 and 1983 being the 
three waraest years of the 
record; 

"Present ... te,peratures appear to 
be o.~.7° 'lame" than in the 
mid-19th century ... with 1900, 
1~1 ard 1983 being the three 
\tannest years of the record. 11 

• Gl oba 1 trends as observed are 
consistent with the co2 war•-
ing theory, but are as yet not 
large enough to provide con-
vincing proof of an already-
present enhanced greenhouse 
effect. If trends of the past 
century are ent f re 1 y due to an 
increased greenhouse effect, 
they would project a global 
waraing of 1-5°C for an equi-
valent doubling of CO2; 

• Positive identification and 
proof of an enhanced greenhouse 
effect should be possible with-
in 10-15 years if current 
trends continue. 

In general the above re-
sults are based on the assuaption 
that cliaate changes occur gradu-
ally, rather than in abrupt 
transitions fro• one equ i1 i br i ua 
state to another. This aay not be 
so. A statistfcal study of 
Northern Heaispheric and European 
c 1 i aates, searching for such 
discontinuous transitions between 
·c1 iaatic states, has revealed a 
statistically significant discon-
tinuity in the temperature 
records at about 1900 AD ± 25 
years. The authors of the study 
suggest that subsequent c 1 i aate 
variations are cold and war• 
aodulatfons of shorter tiae 
scales about a new, waraer, 
cliaatic state. Precipitation 
records were also studied but 
fa i 1 ed to show any stat I st i ca 11 y 
significant discontinuities. If 



Indeed poaftfve until the next 
transftfon to a new clfaate state, 
ff such a transftfon should occur. 

" ... the as~ ion that c 1 inate 
changes occur gradua 1 ly .•. may 
not be SO. II 

An alternative to use of 
standard clfaate records for early 
detect f on of enhanced greenhouse 
effects is to 11easure changes in 
the ataospher i c radiation ba 1 ance 

Regions, continued fro• page U 

re Inf orced the ch f 11 • At CFB 
Greenwood, ft was the third cold· 
est Noveaber sfnce 1942. 

Pree i pf tat f on aaounts va·ri ed 
cons I derab 1 y, .f roa genera 11 y be 1 ow 
noraal values to exceptions at 
Shearwater and Sable Island where 
snowfall accuaulations set a · 
record for Noveaber, and Ha 1 if ax 
where the aonthly snowfall was the 
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with tlae, particularly In the 
Infrared region of the spectrua. 
Such aeasureaents would provide 
dtrect evidence of a changing 
greenhouse effect as ft occurs, 
rather than Indirectly and after-
the-fact through consequent cll-
aate change. Two viable approaches 
to such aeasureaents include 
sate 11 i te observations fro• space 
and site specific aeasureaents 
fro• the ground. Initial planning 
is underway to establish a possi-
ble global network of ground-
based stations in order to, in-

highest since 1960. 
strong winds (100-130 ka/h) 

were brought by the storas and 
caused aore f apact than the pre-
cf pi tat Jon Itself. 

Several fatal accidents at 
sea were reported a 1 ong w f th ac-
counts of nuaerous power outages 
and traffic accidents. on the 
15th, a trowler sank 400 k• south-

conjunction with satellite aea-
sureaents, accuaulate a data base 
suitable for such aonitoring 
purposes. Lfafted understanding 
of absorption and eaissfon char-
acterfstfcs of water vapour, and 
large scale spatial and teaporal 
variations in radiative fluxes 
f n the a tao sphere are aaj or ob-
s tac 1 es to such efforts. 

Next aonth., third part: the 
i11pacts 

east of Cape Race; on the 20th, a 
fishing boat with a crew of three 
went aissing off Dover, Nova 
Scotia; two men lost their lives 
near the Magadalen Islands. As of 
the end of the aonth there is 
still no trace of the 'Hosanna 1' 
with its 34 crewmen. 
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NOVEMBER 1987 -Temperat1 

0 
E 
0 z 

STATION E -I> u 
C 
w 

C ., 
0 ., -2 0 

- ·- - ·-
re C e ! 

0 ·--- -- · - u E -.c 0 -C: E i ., 0 
E E - 0 I .!: 

C I z:. e 0 0 - ' " :;:: a. · c u 
s 0 C -~ I :, Cl) 

0 - ., :, 
I ~ -0 'i C - ct z::. • .¥ C, I Z:. 

0 0 
.._ 

OI 0 
C :;:; .c ., , ·c: ... C ... 

<n 0 0.. •• C ; m .D e - :c 0 :g. 0 0 i o OI 
u ... .. ., >, _, t E 00 >- C ' E 0 

E E '- C: 0 :, 0 
:, 0 0 ct 0 0 "'0 VI 0 41 

E - z z .... l: z E • 0 • 0 G) - - -JC :~ 0 0 - 0 0 0 -~ 0 0 
0 C C 41 
2 2 (/) N (/) z CD " 0 - - I 

Temperoture C e e 
0 

u E - ... 
0 

1: E 0 
E E ., 

C 
C - :c 

0 - 0 f) - • u E -0 C>- 1 C 

E E 0 C ·2 :, co ... i5 .,, ., :, "' -- "ci. 0 0 • - tt. - • z C ·2 0 
s:; s:; 

0 0 
...., 

gt 0 

E C "'0 .c • ·c: <D ... C -STATION 0 VI .2 I C: CD D e · • c.o ..... 0 :e- ci ci 
<.l 0 

., >-., 
E 

.._, E E O' >- C 0 
(J E '- C 0 :, 0 
C 0 ct 0 VI 0 w ::) C 0 C) 

C E E 'i z z • - - z G 
0 II ,c - 0 - 0 .c - \.. - c C 0 - 0 0 0 Q' 0 C' • - 0 ·.: • 0 2 C C 
2 2 V. t( tt VI z m I( 0 

·-1-•·-- ..... -

FORT MCMURRAY -3.7 4.5 
G~ANDE rRAIRIE -0.9 ~-1 
HIGH LEVEL -8.1 3.3 
JASPER 0 .6 4.5 
L£THBRIOGE 3.7 4.5 

MEDICINE HAT 2.4 4.0 
PE.ACE RIVER -1.1 7 .c 
RED DEER -0.7 3_g 
ROCKY MTN HOUSE -0.B 2.ll 
SLAVE LAKE -1.3 s.o 
SUFFIELD 
WHITECOURT -0.3 6.C 

SASKATCHEWAN 

BROADVIEW -,).3 5.4 
COLLINS BAY -10.1 2.~ 
CREE LAKE -7.1 3.~ 
ESTEVAN 0.3 3 .~ 
HUDSON BAY -2.9 4.: 

12.0 -20.5 9.7 33 6.5 25 2 1 as ! ,., 651.3 
11.5 -17.0 g_6 36 12.S « 7 109 , • 567.1 
~-3 -23.1 1'.B t2.7 4S 7 6 31 j « 78:!.J 
11.2 -16.S 4.8 19 18.2 61 0 4 100 , • 522.8 
11L3 -15.9 3.9 20 3.9 23 0 1 156 i 133 428.4 

' 
16.7 -13.t 3.3 23 s.o 34 0 1 1~ 1139 46t .O 
10.3 -16.7 0.6 2 1.0 5 0 0 57:J.4 
15.0 -18.8 13.8 91 14.2 94 I 3 l( 557.5 
14.9 -23.9 11.2 56 11.2 62 4 

13~ 
1

131 
SM.3 

11,6 -14.8 0,6 2 0.6 2 0 0 578,8 

13.7 -13.6 11.3 51 9.3 39 5 3 J( s~.s 

19.1 -16.S t4 9 7.0 52 0 1 1-46 134 SP.9 
2.4 -25.7 20.0 36 25.S 58 15 4 70 • 8H.3 
6 ,1 -25.4 17.4 61 12.8 61 5 4 80 126 754.5 

15.7 -15.3 3.0 18 0 1 149 123 529.8 
17 .1 -20.2 3.6 12 7.2 28 1 3 115 • 626.1 

TitE PAS - 4 .1 l.4 14.5 -27.8 11.6 36 10.6 36 4 2 91 135 66l.3 
THOMPSON -7.8 4.1 S.9 -26.1 14.6 4-3 13.3 42 7 5 83 122 m .1 
WINNIPEG INT'L -0.8 3.7 14.8 -14.7 1.0 4 11.2 44 0 2 122 134- 564.0 

ONTARIO 

ATIKOKAN -2.0 2.6 11.2 -17.4 8.4 20 24.0 58 1 5 89 123 599.3 
BIG TROUT LAIE -6.7 2 .3 4.S -21.6 30.0 • 34.9 84 3 7 59 • 742.0 
EARLTON -2.7 -0.2 1S,4 -f7.2 25.9 66 43.4 61 TR 8 X 624.2 
GERALOTON -4.9 0.6 8.9 -25.7 35.6 63 43.8 71 16 7 X 685.5 
GORE BAY 2.1 0 .2 13.6 -0.5 14.2 ~5 71.8 68 0 12 X 4-n.a 
HAMILTON RBG 4.7 0 .2 21.1 -t2.2 1.B 24 89,8 136 0 9 118 • 
HAMILTON 4.1 0.7 19.9 -12.9 6.6 57 83.2 121 0 8 X 417.0 
kAPUSKASING - 4.6 -0.2 12.1 -22.8 26.4 4J 5~6 69 10 10 X 678.7 
KENORA -t.7 2.t 13.0 -13.6 13.9 37 26.7 66 6 X 592.4 
KINGSTON 2.g -o.s 17.4 -13 .8 5.0 154.3 183 0 9 92 118 454.3 

LANSDOWNE HOUSE - 4.4 3.0 S.7 - 22 .0 20.2 42 22.4 ,;, 4 6 X 703.9 
LONDON 4.3 1.2 21.5 -13.5 39.2 160 114.5 1J5 0 11 99 132 412.7 
MOOSONEE -~.4 -0.t 7.4 -20.~ 35.6 75 60.2 90 20 9 49 95 703.4 

-' t 

KINDERSLEY -1.1 4. 
LA RONGE -4.6 J,; 
MEADOW LAKE -3.8 2.E 
MOOSE JAW 1.2 4.1 
NIPAWIN -3.3 • 
NORTH BATTLEFORO -1.0 4.1 
PRINCE ALBERT -2.7 4.! 
REGINA -0.7 ..... 
SASKATOON -a.a 4.1 
SWIFT CURRENT 0.9 4.1 

13.5 -15.5 6.0 58 B.O 64 4 2 X sn.s 
10.2 -24.2 8.5 24 7.9 29 4 2 X 67?.8 
14.3 -19.6 5.8 30 6.2 28 3 1 113 • 652.9 
16.7 -14.2 0.9 4 0.9 5 0 0 158 143 s°". 1 
11.4 -18.6 6.0 • 5.S lk 3 3 122 • 637.9 

14.4 -14.8 0.2 1 2.S 17 0 1 l( 5n.0 
14.6 -18.7 1.6 9 2.2 12 162 120 '20.4 
17.1 -15.0 0.4 2 0.6 4 0 0 152 146 5'9.3 

13.7 -1&.S 0 .2 1 1.2 a 0 1 X 562.8 
16.3 -13.0 3.0 20 2.8 17 0 2 150 135 514.3 

X 

MUSkOKA 0.6 -0.5 15.6 -14.0 39.7 9B 109.7 10B 1 15 -x 528.4 

NORTH BAY -1.1 -0.1 12.7 -t7.8 15.6 45 59.2 68 0 12 75 115 571.9 
OTTAWA INT'L 0.3 -0.9 t7.9 -15.6 :!7,6 164 116.l 149 20 14 109 • 533.2 
PETAWAWA -1.2 -0.7 1t.O -t7.3 21.0 111 54.0 82 7 12 X 575.1 
PETERBOROUGH 1.6 - 0 .5 19.3 -13.8 ~3.4 147 96.6 139 5 8 X 4'2.8 
PICKLE LAKE -5.1 2.5 7.4 -20.6 24-.4 50 38.2 78 7 8 X 693.3 

RlD LAKE -l.1 2.7 12.5 -18.0 3.8 11 13.1 32 4 84 • 632.8 
51. CAlltARINES 5.l 0.6 20 .B -10.0 0.4 4 85,0 136 0 8 X 382.7 
SARNIA 5.6 1.4 22.1 -8.5 S.2 32 90.2 116 0 12 110 ,,. 372.S 
SAULT STE. MARIE 1.2 o.s 16.0 - 14.0 ~-4 102 105.6 123 0 13 77 120 SOS.2 

X 
WYNYARO -1.1 4.1 
YORKTON -1.7 4~ 

MANITOBA 

16.7 - 17.8 7.6 40 8.0 41 3 2 08 135 571.2 
18 .0 -18.6 1.8 9 ~2 25 0 3 118 131 591. 1 

. 
SIOUX LOOKOUT -3.0 2.3 10.2 -18 .8 21.7 47 44.1 88 2 5 X G29.3 
SUDBURY -1.2 0.0 15.0 -16. 1 ?3.4 104 80.3 103 3 11 64 82 573.9 
THUNDER BAY -1.0 1.6 12.2 -16.8 5.6 18 36.0 68 5 93 107 570.3 
TIMMINS -l.6 0.2 13, 1 -19.5 ~1.4 35 46.1 58 2 9 X 652.0 
TORONTO 4 ,9 0 .0 20.2 -12 .0 7.0 94 91.8 134 0 9 391.7 

BRANDON -1.7 ... , 
CHURCHILL -11.4 0. 
DAUPHIN -1.5 3. 
GILLAM -a.s 3. 
GIMU - 1.2 3. 

ISLAND LAKE -4.e 3. 
LYNN LAKE -8.6 3 . 
NORWAY HOUS[ -~.o • 

15.0 -f7.7 3.4 18 0 2 l( 590.5 
3.1 -28,0 26,8 64 21.4 S5 7 7 60 121 882.5 

19.4 -18.2 t.8 7 0 0 m 135 587.2 
6.0 -27.7 20.2 If J.6 16 4 X 787.5 

12.6 -14.4' 10.8 36 0 1 158 166 57~.2 

11.5 -20.1 9.8 19 31.4 79 6 5 X 681.8 
5.1 -24.4 12.9 34 9.1 31 10 5 76 79S.9 

10 .8 -24.7 33.6 • l7.2 lk 8 7 0 • 68t.6 

TORONTO INT1L 3.4 0 .1 22.1 -13.0 5.6 70 83.4 133 0 6 )( 437.8 
TORONTO ISLAND S.6 1.0 19.5 -11.5 2.4 40 93.2 M6 0 8 330.0 
TRENTON 2.7 -0.5 17.6 -13.5 6.6 50 117,4 136 0 6 X 469,9 
WATERLOO-Wfll 3.0 0 .4 20.4 -13.7 ·o.4 72 77.2 106 0 7 J( 449.0 
WAWA -1.B • 14.4 - 19.0 11.8 • 93.2 • 9 • 593 .8 

WIARTON 3.5 0 .6 1B.7 ·- 11. 1 33.3 84 133.9 141 16 80 132 437.6 
WINDSOR 6.1 1.7 n.1 -9.0 1.6 13 91,8 140 0 9 X 317.4 

I( 

PORTAGE LA PRAIRIE -0,4 '3. 7 1S.2 -14.1 6.9 23 0 2 l( 550 .8 

- --
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AGROCUMAlOLOOICAL STATIONS NOVEMBER 1987 

Temperature C ] Degree days 
C abon SC .. 
C e 2 E 

C: "& 3 'e 0 -0 e I s 0 ·u - • ::, ·a • 0 

i - d: Z! z l 0 -e ·..:i i Z! a> .s - C 

STATION f 1 ::, "i =i J - ·o.. 0 e !It I:. g e - "G ! Ot >-. • c - c E l i o. ::, C 
C :, ::, "i 0 'V~ (/) 0 0 
! E z 150 E -C: E • § • ,£ ;; c 0 o ,, 0 • E • -:I :I 2 {!. C 0 ... ·c a IC ,v, zo CD c;; 

STATION 

23IBm1A 
AGASSIZ 8.0 2.0 11.0 1.0 o.o 149.7 71 0 11 '" t:I.J :1365.t 
KAMLDOP'S 
SIDNEY 8.1 • 16.5 0.5 o.o 86.t • 0 t 46 93.2 2f79.5 
SUMMERLAND .. S.2 2.7 15.5 -4.5 o.o 17.2 H 0 7 so 42.3 2S36.8 

GU[LPH 
HARROW 
KAPUSkASING 
MERIVALE 
CJTTAWA 

ALBERTA SMmtflfLD 
VINELAND STATION 

BEAYEALODIE o.o 5., 12.0 - 1S.O 3.0 ,.o 22 0 3 102 2.0 1387.6 WOODSLEE 
ELURSUE 
FORT VERMIWON 
LACOMB[ -0.4 4.0 14.5 -19.0 3.4 5.3 ,e 0 l 130 2.2 1313.7 
UTllBAIDtZ 
VAUtHAU 
VE6REYILLE -0.7 S.4 15.0 -15.5 o.o 1.4, 10 0 1 NIA 2.8 1529.6 

QUEBEC 
LA POCATIERE 
L'ASSUMPTION 
LENNOXVILU 
NORMANDIN 

SASKATCHEWAN ST. AUGUSTIN 
STE CLOTHll.DE 

INDIANttEAD 0.1 5.2 1t.5 -16.0 1.6 3.0 18 0 2 NIA s.o 1899.5 
MELFORT -2.0 4.9 13.0 -f7.5 4.0 4.0 21 I ' 112 1.0 1666.5 
REGINA -1.9 3.8 1e.o -19.0 0.2 0.9 7 0 0 NIA 29.2 '776,5 
SASKATOON -0.3 5.:1 14.0 -14.0 0.2 0.8 s 0 0 101 5.0 1904.0 
SCOTT -2.1 3.6 14.0 -1~.5 7.2 5.4 39 7 1 113 0.8 1597.2 
SWIFT CURRENT SOUTit 1.4 !>.3 16.5 -13.0 2.0 3.2 25 0 2 152 M.9 ti05.6 

NEW BRUNSWICK 
FREDERICTON 

NOVA SCOTIA 

MANITOBA KENTVILLE 
NAPPAN 

BRANDON -1.0 4 .0 16.0 -19.0 o.o :1.0 10 0 1 N/A 8.3 1973.3 
Q.ENLEA -1.0 J.9 14.0 -16.5 0.0 14.0 58 0 2 119 6.5 1U9.EI 
MORDEN 0.6 4. 1 1S.5 -13.0 0.4- 4.6 18 0 2 105 1S.S 2219.0 fs~~b EDWARD 

CHARLOTTETOWN 
ONTARIO NEW.fOUNDLANO 
DELHI 3.8 0. t 1t.5 -1S.5 10.0 111.8 136 0 ts 121 43.9 2312.2 
ELORA 2.4 0.5 19.8 -13.8 N/A 74.8 114 0 NIA N/A 29.3 1994.3 ST. JOHN'S WEST 

Temperature C 

C 

0 e 0 -E 0 -- 'ii. 0 C z 0 ·u 
E .: ct 0 0 1 -ci. 0 • e - E u e l ... 
C :, 0 0 , • e z e • C: • 0 -0 c 0 0 0 C: -2 Q 2 2 Cl) {!. I( 

:;z.g 0.3 20.6 -15.1 4..0 n .o 16 
7.1 2.6 2t.0 -7.0 0.6 n.l 11, 

-4.4 -0.2 12.0 -24.0 14.t 5t.O eo 
0.1 -0.1 1'1.1 -15.:1 32.6 tt.9 135 
3.3 0.3 1$.5 -13.5 ~., 109.4 t24 ,., o.o 21., -10.0 TR t2.6 WI 

-0.3 -0.7 15.0 -Q.$ 7.3 67.0 86 
0.6 -0.5 f7.S -15.0 36.8 113.6 136 

-4.1 -1.2 12.0 -20.0 12.6 43.7 83 

1.3 -o.a :;io.s -1'.0 21.0 110.0 136 

0.7 -1.0 17.D -a.o 14.t 112.7 100 

2.6 -1.4 19,5 -10.0 48.1 182.8 153 
1.8 -1.l 17.0 -t.5 30.0 112.5 104 

2.0 -u 13.5 -6.0 19.8 162.2 1"6 

2.4 -1.1 15.0 -9.0 6.4- 112.1 67 

,-.. 
E 
c., -,I: -C E 0 E E -0 -
C ·u G> • - ct 0 

.I:: 
C: -::, •• 0 • ... 
c,, >-
C o. 
0 "O ... ..... 
II: ~I 0 
C 0 -V, z~ 

0 • 0 10:t 
6 t , 

13 10· 
0 II= 
0 t: 

0 a e (, 

1 ti 

4 9· 

0 11 

5 1~: 
0 1(t' 

0 12 

0 T7' 

-e 
:, 
0 .c. -• C: 

l 
C ::, 

V, -.c. c,, 
·c m 

108 
115 
67 

tot 
NIA 
103 

100 
81 

84 

88 

96 

82 
74 

62 

51 

OegrM da11 
above5 C 

Z! i - c C: 
0 0 ·-E 
• C en 

3:1.2 1109.lt 

"'·' 2731.2 
0.0 14e6.8 

20., 2113.0 
35.8 l3U.., 
52. 8 2-Qi.7 

7.! 11SJD.4 
15.3 2016.8 

0.2 14-07.4 

71.:1 2081.2 

13.2 1612.t 

l2. 1 1921.7 
14-.5 '736.0 

11.1 f745.3 

f7.7 1251.8 

• 

1 

.. 
UI .. 
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