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Foreword / Avant-Propos 

This finaJ number of 1990 contains fOUf articles and n Oles, giving a total of twelve 
for Volume 24. The Bullelin has expanded substantially in this regard in the past 
few years, and it seems that interest in Canada in climate ha~ never been higher. 
Please make known to myself or 10 CMOS your views aOOm the direction the 
Society's publication efforts in the climate domain should take. 

Ce demier numerode 1990 comienl quatre articles ct notes, dont iI resuJte un 10lal 
de douze pour Ie volume 24 . Le Bulletin a done beaucoup agrandi les demieres 
annees el il semble que I 'interet des Canadiens pour Ie climat a bien augmente. On 
aimeraitque les abonnesexpriment leurs opinions de la routc que la Socictedevrait 
suivre concernanl la publication dans Ie domaine du climat. en ecrivan! au 
redacteur du Bulletin ou a la SCMO eUe-me-me. 

A{ecPQu{ 

&jitor/Redacteur en chef 
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Relationships Between Weather 
and Road Safety: 
Past and Future Research Directions 
Jean Andrey 1 

and 
Richard Olleyl 

lOriginal manuscript received 5 January 1990; 
in revised fonn 26 Juoe 1990) 

ABSTRACT 

This paper provides a state-of-the-art critique of research on reJatLofL'ihlp! between weather 

and road safety. Available literature is summarized in two parts. in the fir.;t, a systems 

perspective is adopted, while the second is based on observational accident data. 11 was 

concluded thai neither body of li tera lUre is IIble to answer basic questions about the 
magnitude and n:lIure of accident risk fordiffercnt weather scenarios. A direction for future 

re.-;carch based on observational data is outlined. In particular. the advantages of using AES 

principlii station data to a~se.~s accident risk during inclement versus nonnal weather are 

presented, and the approprialene$s of these data is examined, based on a case, s tudy o f 

Edmonton. Albcna. 

R !§.sU~lIi: 

Cel aniele est une crilique des efrel~ des condidons almo.~phCriques sur ia securile mUliere. 

Nous rCsumons la littenllure en deux panies. II y a d 'abord la per:speclive de sysleme, el en 

deu,ltieme lieu, les etudes anaiysant des donnees des lICCidents routim el du temps. En 

conclusion, ni la littcrature de I'approche systematique ni celie qui Irailedes ca.\ spCcifiques 

n'explique vraiment Ie niveau de risque d 'accidents muliers relies aux conditions 

atmosphCriques. Nous suggemns dune de nouvelles idees en vued 'ameliorer les recherches 

dans "'e domaine, y compris I·utilisation des donnees des slations principales du SEA par 

rapport aux donnees policieres des accidents. A eel effct I'IOUS eKaminon..~ les resu lillts d ' une 

elUdesuT Ie cas d ' Edmonlon cn Alberta . 

I Geugl"'4phy Depanmcn! , University ofWalcrloo. Waterloo. Onlario, N2L 3G I . 
I Board of EducaliOli forme City of London, J 250 Dund~s Strccl. London. Onwio. N5Y 5K4 . 
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I. t NTRODUCTlON 

Applied climatology has developed rapidly in recent years, spurred on by the 
climatic anomalies of recent decades, the prospect of future climatic change, and 
the ensuing development of both world and national climate programs. The state of 
the art is summarized in such publications as the SCOPE report entitled "Climate 
impact assessment" (Kates, Ausubel and Berberian , 1985), and the more recenl 
volumes by Riebsame ( 1988) and Maunder ( 1989). In reading this material, it 
becomes apparentlhat much scholarly research has been directed at establishing 
statistical associations between wealherand a variety of impact .sectors, especially 
agriculture, energy and water resources. ln several impact sectors, however, our 
understanding is still in its infancy. in part because of poor data availabi lity. The 
issue is most critical when the impact being investigated is sensitive to the 
instantaneous wealher condition at a particular location and as such cannot be 
accurately measured by regional averages. One such impact sector is surface 
transportation , and more panicularly road safety. 

it is axiomatic that weather affects road safety; the conventional 
wisdom ofbolh me professional safety community and the public at large suggests 
an increased accident risk associated with adverse weather, especially 
precipitation. Huge public expenditures on road design and surfacing, as well as 
on snow control, are incurred on this premise. However, little empirical 
infonnation exists 10 provide details on the overall magnitude and minimum 
thresholds of elevated risk, me impacts of different storm types and intensities, and 
also how different driver groups and situ1uions are affected. Such intormalion is 
critical if we are to understand the nature of climate impacts on road safety. and 
particularly to priorize funding for accident countenneasure programs. 

lbe purpose of th is paper is twofold . First, a critical review of past 
research on relationships between weather and road safety is provided, including 
data requirements for undertaking such studies, Secondly, an empirical 
investigation of the usefulness of natio nal weather service data for studying these 
relationships is made, based on data for Edmonton, Albena. 

2. RE VI EW OF II.ESF.ARCH ON RELATIO NSHIPS IHl TWEI:iN 

WEATHER. AND KOAO SAFETY 

Two approaches may be taken in studyi ng relationships between weather and road 
safety. The ftrSt employs a systems perspective, where the goal is 10 identify and 
quantify changes in the highway t[",tnsponation system as they occur in response to 
different weather scenarios, in order to predict the effect of weather on accident 
rates. The second approach is to depend on observational accident data and to 
document changes in accident rales as they vary with weather. In the first instance 
the emphasis is on process, but the problem is very complex conceptually and the 
data requirements are great. Ln the second, the highway transponation system is 
treated more a.'\ a black box.. The emphasis is on accurately documenting average 
or aggregate impact for different weather scenarios. 
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The systems perspective 
Road accidents result from the interplay of behavioural , technological and 
environmental factors. A systems perspective aims to identify the interactions in a 
dynamic setting among the various system componems, principalJy the driver. the 
vehicle and the driving environment, which includes both the road and the broader 
natural and cuhural setting in which dri ving occurs. These components are linked 
together by informational and mechanical interactions; the control strategists of 
the systems are lhe many drivers who, in working toward their goal of mobility. 
make a multitude of instantaneous driving decisions. One disutility of the system's 
operation is accidents. An unde rstanding of the relatio nships between weatherand 
accidents, in a systems context , requires that all weather-induced changes in the 
system be established and that the information be synthesized in order to predict 
accident rates. 

The most significant changes in the operating system brought about by 
weather are thought to be the physical changes in road surfaces that result from 
precipitation . When precipitatio n OCCUI1i, the road surface becomes either wet or 
icy/snowy , with resultant changes in surface friction. Considerable experimental 
research on the changes brought about in tire-pavement friction by precipitation 
has been conducted over a span of more than two decades by the highway 
engineering community, especially the U. K. Transport and Road Research 
Laboratory , the Texas Transportation Institute. and to a lesser extent the Midwest 
Research Institute in Missouri, Kentucky'S Department of Transportation, and tbe 
Goodyear Tire and Rubber Company. Much of the research is summarized in the
Proceedings of the 2nd Imematio nal Skid Prevemion Conference (1977) held in 
Ohio. What follows is a brief summary of research results. 

Most research has focussed on wet road conditions that result from 
rainfall. The two critical aspects of wetness are the le ngth of time that the road is 
wet and the depth of water on the road surface at any given time . Unti l recently , the 
duration of rainfall was used as a prox.y for wet road exposure time . However. 
since a period of drying fo llo wing a rainstorm is necessary before road conditions 
return to normal , this practice significantly underestimated wet time exposure. 
Recently, a simple and relatively accurate method for determining the length of 
time when roads are wet during and following a rainfalJ event has been developed 
by Harwood et al. ( 1988), based on rainfall intensity and duration , and other 
me teorological variables that affect dry ing time . Regression-typeequalions are 
also available to estimate the depth of water o n road surfaces during precipitation, 
based on rainfrul intensity, road geometries and road surface tex.ture (e .g. Dunlap 
elal., 1976). 

Information on road wetness has in tum been related to road surface 
fric tion . Although many factors affect fri ct ion , including pavement texture, travel 
speed, tire tread and pressure, and ambient temperature, it is generally accepted 
that wet road friction is always less than that for the least skid-resistant dry road 
surface. Equations relaling wetness/water depth and road surface friclion have 
been established fo r specific road conditions in numerous studies. A more 
comprehensive auempt by Rose and Galloway (1977) to model road surface 
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friction for a wide cange of conditions as a function of water depths, surface 
textures, vehicular speeds, and tire pressures, types, and tread depths also 
produced impressive fit. with r-squared values of greater than 0.9 . Therefore. if 
detailed information on the SlOrm, road , vehicle and traffic conditions is available, 
it is theoretical.ly possible 10 predict lhe effect of rainfall on road surface friction 
with a fair degree of accuracy. This in tum can be translated into information on 
stopping distances, vehicle handling and the potential for hydroplaning. 

However, the next step in this logical sequence is to translate 
reductions in surface friction into accident risk, a much more difficult task and 
outside the controlled experimental setting. Several quantitative studies of this 
type (e.g. Rizenbergs et al., 1976 and 1977; Proceedings or the 2nd International 
Skid Prevention Conference (1977); Ivey t!1 al., 1981) have achieved some 
success. There is consensus for an inverse statistically s ignificant relationship 
between wet weather accident incidence and friclion . However, the corn:lations 
show a large degree of scatter, and a recent state-of-the-art report concludes that to 
" . .. assume that traffic accidents. Of a given subset of traffic accidents 
(e.g. accidents that result from inadequate surface friction) , can be accumtely 
predicted on the basis of one conditio n (such as ,sltid number) is wishful thinlting." 
(Hennan, 1984: 41). 

One reason why predicting wet weather accidents for small spatial and 
temporal. units is so difficult lies in the large random component in accident 
occurrence. Of perhaps greater importance. however , is that other parts of the 
highway transportation system, especially in the human domain, are also affected 
by changes in weather. Driver vis ibiJity is affected by atmospheric condit ions and 
it is probable also that most drivers consider weather in their decision making. 
Some trips arc cancelled or rerouted. and driver attenti veness and control 
behaviour are altered as a functio n of wcather. However, empirical infonnation in 
these areas is very limited. 

Research on driver visibility during rainfall has been reponed in four 
studies (Ivey t!t al. , 1975; OECD. 1976; Morris et al .• 1977: Bhise etaf. , 198 1), 
but the combined number of observations is much too small for predictive 
purposes. Preliminary results indicate that driver visibility decreases with 
increased rainfall intensity, due mainly to the film of water on the windshield 
rather than to the reduction in meteorological visibility , and is accentuated by low 
ambient illuminance, s low wiper speed, and splash and spray from other vehicles. 
However, a comprehensive model to predict driver visibil ity under various 
weather scenarios is still a long way off, and there is no logical way in which this 
infonnation might be translated into accident risk . 

Informatio n on driver decision-making is even more sparse. Tmffic 
volumes in inclement weather are marginally decreased (Codling, 1974; Mende, 
1982) and travel speeds are less (McBride, 1978; Jeffery and White, 198 1; Yagar 
et al., 1982). But the infomlation is not very extenSive. and there are many other 
possible driving adjustments which have not been systcmatically studied 
(Hanscom, 1977). 
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In summary, literally hundreds of studies have examined the tire
pavement interaction, such that our knowledge of the effects of rainfall on surface 
friction is very good. Much less is known about snowfall and very little is known 
about driver adjustmenrs to either rain or snow condilions. We are therefore at a 
loss to predict the overall effect of inclement weather on accident rates from a 
systems perspective. 

Obsen1otionai data 
An alternative means of detennining Ihe impact of adverse weather on mad safcty 
is through the direct analysis of accident dala, which have been assembled at a 
variety of temporal and spatial scales, as depicted in Table I. However. much of 
this o bservatio naJ infonnation is not su itable for systematically assessing the 
conrribution ofweatber to accident risk because there is no control built into the 
analytic framework. More particularly, data which are either site specific (top row 
in Table I) or pertain to large geographic areas (bottom row in Table 1) tend to be 
ofthis nature. For example, extensive information on fata l accidents is usuaJly 
collected by government-sponsored accident investigation personnel. These 
detailed investigations provide insight inLD the circumstances of an accident, 
includ ing the potentiaJ contribution of weather, but the conclusions are accident 
specific . Additional analyses at the site level , but over longer periods of time. are 
provided in studies of accident-prone locations. Again the role of weather in 
accidents is considered. even to the poi nt where a high incidence of skidding 
accidents may prompt road resurfacing. However, the infonnation is not 
conducive to answering the question, "What is the relative risk of an accident 
occurring at this location during precipitation relative to dry conditions?". 

At a larger spatial scale, the safety consequences of extreme storms 
are of interest. Such events usually receive coveC'dge in major newspapers, and 
some have been investigated more thoroughly under the umbrella of natural 
hazards studies (Rooney, 1967; de Freitas, 1975). However, the results of this 
work tend not to be applicable to more routine weather. A fourth example is 
provided in provincial/national road safety reports, where the various 
circumstances of accidents are summarized; the message that is typically relayed is 
that the vast majority of accidents occur under good weather conditions. Again, 

TA ilL S I . Spo.tial-Thrnpoml Sl:lIlcs for Examining Weomcr·Safety Relationships 

Individual Site 

City Of Highway 

Region 

Hourly or Daily 
Comparisons 

I)ctailed investigation~ 
of individual IICcitlenis 

Monthly or Sca.'lOnal 
ComparisollS 

Analysis of 
~cidr:Tl1'pronc Jocation~ 

Estimates of relative aecidenl risk during inclement wealher made 

E~treme storms e~arnintd GcI\CfllI summary of 
accident characJcrisllcs 

J. Andrey arid R. Olley I Rtdatioruhip$ Between Weather and Road Safely 127 



what is missing is the ability to address the question of rdat ive risk during good 
versus inclement weather. In aU cases. the missing ingredient is a measure of 
exposure, either in terms o fume Of travel. to act as the denominalor in risk 
cakulatioDS. Empirical studies that explici tly incorporate an exposure measure 
inlO their analysis of accident risk are limited. They tcnd to focus on predpitat ion 
exclusively. and not al l have been published. Those that have reached publication/ 
public review stage are of three genres . 

The fIrst examines the effect of different weather variables on accident 
r • .tIes, using multivariate statistical techniques such as regression analysis or factor 
analysis . Few such studies have been carried out and those which have been 
published have either had poor predictive capability (e.g. Jovanis and Delleur, 
1983) or have been deficient in research design . Forexample, Orne and Yang 
( 1972) conducted a stepwise linear regression analysis to predict accident rales as a 
function of weather, but ignored critical issucs such as tbe assumption of normally 
distributed data and mu lticollinearity , and Rocr (1974) performed factor analysis 
of 39 variables. in order to anribute causation between two subsets of variables. 

A second and much more simplistic approach has been to examine 
temporally aggregated data fora give n city or region. Comparisons are made of the 
proportion of accideDis that occurred on wet roads/during precipitation with the 
proportion of time that the said road or weather condition prevailed althat location 
(e .g. Campbell , 197 1; C lissold, 1977; Mather. Gossette and Mack. 1983). This 
type of assessment is fairly crude as there is no consideration of any temporal 
patterning io precipitatio n OCCUlTence, but it does provide a firSI estimate of the 
contributio n of weather to road accident risk . 

The third approach, and the most successful in e~timating the average 
effect of weather on accident rates, compares accident frequency on wet versus dry 
days. An ambitious literature rev iew has tumed up only e ight such studies, which 
are summarized in Table 2. Six focussed exclusively on rainfall , by choice of 
either sening or season, and all were based in either Nonh America or Britain . 
While there is some inter-referencing among the various studie. ... this is generally 
to acknowledge the existence o f earlier work in this area , especially by Codling 
(1974) , rather than to provide critical comment orcomparison. In terms of 
methodology and results, however. there are several imponant observations to be 
made. 

First , ilthough all eight studies approach the problem in the same 
general way, varying degrees of control are built into the analytic framework 
(Table 2). The best framework is the matched-pair approach, as used in Codling's 
( 1974) seminal work and in modified form by Sberretz and Farhar ( 1978), 
Be rtncss (J980) and Smith (1982). Under this quasi-experimental frdlTlework, 
each occurrence of preci pitation is matched with aconlrOl time period and the data 
for the matched pairs are aggregated in order to detemlinc relative risk; the 
convention is to choose the control as the day exactly one week prior to or 
following the precipitation . The advantage of this framework is that many 
variables which have nothing 10 do with the weather. but which do affect accident 
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T,o,BLE 2 . Empirical Research on Rel:lliollships Between Prccipit3tiollllflll Road S3fety 

SlIfIlp le Si7.e Average hlcre<llie 
Number of in Accident Rate 

Analytic wcltime Associated With 
Framework Reference Sen ing of Study periods k cidcnts Prttipilalion 

Comparison of Haghigh-Talab. Lolllkm, ElJgland 239 23.950 30% 
acc ident frequency 1973 
for all wet vcr:.;us Jovanis & Delleur Indiana Tollway, 17' 600 '0% 
;111 dt)' periods 1983 U.s.A _ 

Cnrnparison nr Saflenhwaite, California State 72 120,01)) 30" 
accident frequency 1976 Hwys. U.S.A . 
for wei vcr:.;us dt)' MentJc. J 981 Toronrn, Canada 11 5,033 ""' periods . w lltmlling 
for day of week 
and/or 5e(lSQll . 

Comparisou of Codling, 1914 41ocaiioDs in 1.258 """ malched pairs of England 
weI and dry 5herretz& 51. Loui5 area, '" '57 100% 
periods Faro ..... , 1918 U.S .A. 

lJen raess , 1980 Ch;~'3b'O area m ) , 1110 IJO% 
U.SA 

Smi th. 1982 Glasgow. 102 3 ,615 "",. 

Scotland 

• forinjul)' llCCidenlSonly . 

frequency , are controlled rather effectively. wherher rheir specifics are known or 
not. For example. if one compares accident data for the same city on two 
consecutive Tuesday afternoons in June, with rainfall on one bul not on the other, it 
is reasonable to assume that the road infrastruclUre would be unchanged and also 
that the traffic characteristics would be similar, apan from any changes induced by 
the presence of precipilarion itself. 

Second, the criteria used 10 define precipitation·control periods vary 
considerably . Most studies used weather slation data and defined precipitation and 
control periods based o n the presence or absence of a mjnimum accumulation of 
precipitation over a specifi ed time period ; however, the number of nearby weather 
stations for which data were available ranged from one (e.g. Mende, 1982; Smith, 
1982) to more than 300 (Beftness, 1980). Thus lhesparial applicabiliry ofthe 
weather data may be in questio n in some instances. As for the temporal units of 
analysis, in most cases the wet-dry comparisons were for 24-hour periods. As 
such. days on which a brief shower occurred were treated the same as days on 
which heavy, steady rainfall was observed. This problem of temporal averaging 
could be dealt with by de rming precipitation events ofvariablc length on the basis 
of hourly weather informatio n, but this would be a time consuming exercise. 

Third , the sample size in most of the controlled srudies was modest 
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and in some cases was nOlrepresentative of all storm types (e.g. Mende, 1982); 
furthermore, statistical analysis was typically limited to a test for significant 
difference between precipitation and control conditions . Instead. what is needed is 
a reliable estimate of how much greater accident risk is during a given weather 
condition . If one were toeslimale a relalive risk ratio for any given weather type 10 

within ± O. I al the 95% confidence level. a random sample of event-control pairs 
during which lime several thousand accidents occurred would be necessary . Past 
studies. for the mdst part , do not meet these criteria. 

Founh , estimates of the e ffect of precipitation on acC-ident rates vary 
widely (Table 2). With such a diverse range ofmethodologics and seRings. it is 
difficult to compare these results and impossible to extrapolate the find ings 10 
other areas. 

Future research 
We are thus left in a position where neither the systems thinking nor past research 
based on observational accident data is able to address basic questions about the 
relationship between weather and road traffic safety. Yet rich government data 
bases on both weather and traffic accidents exist for most locations throughout the 
developed world . The time is right for improved empirical research in this area . 

What is needed is a series of studies in a variety of regional :md 
c1imaticsettings. Each should include a large random sample of weather events for 
which a suitable control period can be defined. Ideally, traffic vol ume infonnation 
from automatic counters would also be available so that risk ratios per unit of time 
could be translated into relative accident risk per unit of trave l. The events should 
be defined by the beginning and ending time of the particular weather condition 
under investigation. to aVOid unnccessary tcmpore!.l averaging. AlthQugh mo~t 

police records of accidents includc some information on the weather aI the scene, it 
would be difficult to use tJl is information to define the timing and chal'tlcteristics o f 
wealher events. By necessity , therefore, independent weather data must be 
included in the analysis. The most readily available sources are the national grids 
of weather observation stations. In Canada. the Atmospheric Environment Service 
(AES) assembles dala for some 2700 sites , including more than 100 principal 
stations where hourly observations of selected variables are taken year-rouod. One 
question, however. that remains to be answered before embarking on this research 
relates to the applicability of weather station data to the weather condition at the 
scene of accidents. 

This is a significant question; although most urban areas have an 
observation station nearby , the ovemll density of principal stations in Canada is 
very low . As well, precipitation, which is the condition to which accidents are 
thought to be most sensitive, is well documented as displaying a high degree of 
spatial variability, even over small areas . The World Meteorological Organization 
(WMO) published a number of reports relating to this question (~.g . Alexander. 
1969; Gandin, 1970; Kagan, 1972; Rodda , 1972; WMO, 1972. but it needs rurther 
consideration in the context o f the type of study outlined here . Thus the next 
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section of this paper investigates the appropriateness of federal weather station 
data for assessing relationships between weather and traffic safety , by examining 
data for one Canadian city, 

3. USING ATMOSPHERIC BN VlkONM !!NT SE R VIC !! DATA TO 

ASSESS ACCIDENT RISK I N E DMONTO N 

The case srudy is based on data for EdmOnlon. Alberta for the year 1983. 
Edmonton offers an ideal opportunity. First, there are three principaJ weather 
stations located in the Edmonton area -one in the city proper and two outside but 
within close proximity of the city. Second, accident reports for the city include 
information on both the weather and the exact accidenllocation. Third, this area 
derives a significant portion of ils sununer rainfall total from convective showers. 
which by nature are more localized than other rainfalls. Therefore, the data are 
conducive to answering severaJ questions. Is the weather condition observed at a 
single station reasonably representative ofthe weather cond itions across an entire 
city? Is there a strong diSlance decay effect? Can weather data from stations 
outside the city be used to estimate accident risk during inclement weather'! 

Edmonton is a city of approximately 575 ,000 people. covering an area 
of 320 square k..ilometres. Precipitation receipt is modest , although on average 
there are more than 120 days with measurable precipitation each year, of which 
nearly haJf involve snowfaJl (Canada AES , 1982). For 1983, the weather was 
wanner than nQnnaJ, with mean daily January and July temperatures of -8.5 and 
17.9°C respectively, as compared to the nonnals of - 15.0 and 17.4°C. Annual 
precipitation totalled 430 mm , nearly 10% below normal. This wa~ due primarily 
to lower snowfaJl than nonnal in both January and December (Alberta 
Environment, 1983). 

Weather data were obtained for the three principal observation stations 
operated by AES, Edmonton Municipal Airport, located in the north-central part 
of the city, as well as Edmonton lntemational Airport and Edmonton Namao 
Canadian Forces Airport. approximately 25 km south and 15 Ian north of the city 
centre respectively . Accident data are from the coJljsion information system , 
compiled and administered by Alberta Transportation and based on police reportS 
of accidenlS. In 1983 there were 21 ,835 accidents reported for the city. involving 
either death , injury or propeny damage exceeding $350. 

Two separate analyses were perfonned. The first documented whether 
or not the same general weather condition was reported at the accident scene as wa<; 
observed at the three airport weather stations . The second involved calculating the 
relative accident risk during precipitation. using dala from the three different 
weather stations as separate starting points. 

Comparisons oJweather dilta 
The flfSt objecti ve was to compare the weather condition identified at each 
accident scene with that observed at approximately the same lime at the nearby 
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airports. The comparison was made for a 10% systematic random sampleof2100 
accidents, extracted from the 1983 accident data baM!. The sample provided 
relatively uniform temporal coverage throughoullhe year and broad spalial 
coverage across the city. 

For each accident the weather condition recorded by the investigating 
police officer was compared with the weather that was observed at all three airport 
locations. On the accident report , the weather is indicated as baving been one of 
Ihe fulluwing: clear, doudy , m.ining, snuwing , sleel/hail/ free:t.ing min, strong 
wind. dust, fog/smog/smoke. other as specified. or unknown (Alberta 
Transportation, 1980). For the AES data, observations were made by trained 
technicians at hour endings and the presence or absence of 21 specific weather 
elements was recorded, including 14 fonus of precipitation and 7 obstructions to 
visibility. The comparison made here was for precipitation; the presence or 
absence of precipitation wa.<; noted for the accidenl scene and also for all three 
airport locations, based on observations for the two hour-endings surrounding the 
time of the accident. The airport data were considered to be in agreement with the 
accident report when either (i) both hourly observations at the airpon indicated the 
absence of precipitation and the same was notoo on the accident report , or 
(ii) either hourly observation at the aiJport indicated the presence of precipitation 
and the same was noted on the accident report. 

In total , the weather conditio n observed at the accident scene was in 
agreement with that observed at each of the three nearby airports in 83- 84 per cent 
of aU cases, with no significant differences among the three (Table 3). This 
suggests that in most cases the weather information provided by accident reports is 
replicated by weather stalion data, whether the station is central to the study area or 
located some kilometres away. 

As a second step . the accident locations were mapped in order to 
determine if there was any distance decay effect in the agreement with the weather 
station data. The individual locations of the 21 00 accidents were first identified on 
a large-scale city map and then aggregated into thirty-four 6 km2 grid cells 
covering the developed area of the city. The mean distance of each cell from each 
of the weather stations was calculated and the per cent agreement in weather 
information between the accident reports and the weather station reports was 
recorded for each cell and each weather station. Then correlation analysis was 
performed. The results provide no evidence of a distance decay effc~t as far as 
agreement is concerned (Table J), which further suggests that weather data from 
any of the three nearby airports provide a reasonable- indicatio'n of the presence or 
absence of precipitation anywhere in the c ity of Edmonton . Improved accuracy 
could be introduced by screening out Slorm types that display high spatial 
variability. 

Relative accident risk during precipitation 
As a complement to the above, the relative suitability of data from eaeh o fthe three 
AES stations for documenting accident risk during inclement weatber was 
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rA 8 LE 3 . Summary SUltistics for lhe Edmonton Case Study 

(a) Comparisons of Weather Dala for Accidcnt Rcpons versus Weather Station Reports 

Weather Slalion 

Edmonton Municipal Airpo" 
Edmonton NamllOAirpon 
Edmonton intematiollal Airport 

• not significanlllt .OS 

Agreement .. 
"" " 83 

KelalloMhip Between Distance 
and Per Cent Agreement 
(R values) 

-. 146-
- .1 1 2~ 

+ . 195"" 

(b) Acc idellt Risk During Precipitation as Calculated fOT Three Weather Stations 

Total Numherof Acciden ts Relative Risk Ratios 
Weather Station During Evcol~ During Con{ll)ls (95% l"Onfillenceintervals) 

Eilmol1lon Municipal Airpon 1293 
Edmonton Namao Airpon 1289 
Edmonton International Airpon 11 50 

'" 818 
728 

L6(± .3) 
L6 (± .J) 
1.6 (t .3) 

examined. If the timing and intensity of precipitation are highly variable over 
small geographic areas, onc would be intuitively most comfortable using data from 
the Edmonton Municipal Airpon to derme prccipilalion events, since it is fairly 
central in the study area. The approach taken was to CSlimale the risk of accident 
during precipitation relative to control conditions, using data from each of the 
three weather sialions as separate slaning points . The specific procedures used in 
deriving the matched-pairs sample are outlined below. 

. I . Precipitation totals were used to mark the staning and ending times of 
precipitalionevents . Forrainfall, hourly 10lals were used. A rain event 
was defi ned as two or more hours of measurable (> .2 mm) rainfall. 
For snowfall and conditions of mixed rain and snow , precipitation 
totals were available as 6-hour totals and lhese were used to define 
snow events . 

2 . For each precipitalion event defined, a control was sought, A control 
was defined as a period of time which coincided with theclock t;meof 
the precipitation event, which occurred exactly one week prior toor 
following the event, and for which no measurable precipitation was 
observed during the control and for six hours prior 10 the control. The 
latter provision ensured that the effects of any previous rainfall were 
minimal - only 2% of all accidents during sununer control periods 
occurred on wet roads. The residual effect of snowfall was much 
greater. Approximately 40% of accidents during winter control 
periods occurred on wet/icy/snowy roads, bUI given that some 
residential streets are very infrequently cleared in winter, it is 
reasonable (0 suggest that normal winter driving in Edmonton 
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includes some roads which are nol dry . All control periods were 
funher screened to ensure that there was no ev idence of severe wind or 
obstructions to visibility. Those events for wh.ich a suilable control 
could not be defined were deleted from the sample. 

3. One additional check was made on all the paired events and controls in 
order to delete holidays from the sample. This mea~ure was deemed 
necessary because of the change in traffic and accident patterns 
associated with holidays. 

Note that, in contrast to the convention in past studies, precipitation events here are 
of variable length so that they coincide with the beginning and e nding times of 
precipitation. This is ari·Wnprovement in that it removes much of the temporal 
averaging incurred in using daily aggregated data. 

Although not identical in timing and number, some 60 evcm-control 
pairs were defined for each of the three weather stations. The total numbers of 
accidents observed during the events and controls. along with tbe relative risk 
ratios, are presented in Table 3. Differences in absolute numbers renect 
differences in the number and timing o f the event-conlrol pairs; approKimalely 
10% fewer accidents were included in the sample set as defined by weather 
conditions at Edmonton international Airport , mainly because control periods 
could not bedefined for a few of the extended rainfal l events thai occurred in June 
and were included in the other two sample sets. Interestingly. the risk ratios are 
virtually identical in aJl three cases , suggesting that weather data from eitheroft wo 
rural airports provide the same infonnallo n about accident risk in the city as 
weather data from the Municipal Airport, which is located only 3 km from 
downtown. 

4 . CONC L US IO NS 

Literature on weather and road safely may be divided into two schools. One 
documents specific changes in the road transportation system thai occur in 
response to weather. In particular. much rigorous experimental research has been 
devoted 10 modelling the tire-pavement interface under wet conditions. However, 
comparatively much less is known about snowfall conditions and little is known 
about driver adjustments. As a result , this research has not been conducive to 
predicting accident rates for different weather scenarios. A second approach has 
been to use observational data as a means of estimating the effect of inclement 
weather. especially precipitatio n, on Bccidenl rates . A modest amount of empirical 
work: has been conducted in this vein , but many of the studies have been either 
deficient in design or based on smail and sometimes unrepresenl3tive samples. 
The results typically indicate that precipitation is associated with a significant 
increase in tr'dffic accidents, bul point estimates vary widely from study to study. It 
is difficult to generalize from these results because of the diverse methodologies 
and senings on which the results are based. 

An immediate opportunity exists to improve our knowledge in this 
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area by marrying the information contained in accident files with that collected at 
federal weather stations. One methodological issue that must be resolved first , 
however, pertains to the use of data from a single such slation to ri!presenl the 
weather condition at the scenes of accidents. The second pan of this paper 
addressed this issue by examining empirical data for Edmonto n, Alberta for the 
year 1983. ResullS indicate that in close to 85% o f accidents the general weather 
conditioD observed at lIle scene was the same as that observed at each of three 
nearby weather stations. Furthennore, there was no e vidence in this study of a 
distance decay effect in this agreement. In addition , the conclusions abouttbe 
relative risk of acc ident during precipitation are the same, regardless of whether 
data from the centrally located Municipal Airport or eitheroftwo rural airports are 
used. Therefore, it should be possible in many instances to use weather data from a 
single federa l climate statio n to approximate the weather condition for larger 
geographic areas, such as cities or highway segments , for the purposes of 
measuring the impacts of weather on road safety. As such , there is tremendous 
potentia1 to use existing data to assess relationships between weather and traffic 
safety for a variety of settings, and to use this infonnation as a basis for projecting 
the impact of possible future climatic change o n road safety in Canada. 
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Le present article analyse Ie pheoomenc des vagucs de froid au Quehec meridional . Nos 
analyses slatistiques el geogrJIphiques sonl basees sur une double approche impliquant en 

premier lieu la temperarure en utilisant un scuil de - JOoC (appelees vague5 de froi d) ct en 

deuxiimw lieu Ie facleur de rerroidissemcnt eolien en utili~ant les valeur'S de [ 9\X) W/m1 

(appd ees vogues de fro id w lien) ct 2 300 W/m! (appeh!cs vagues de froid intense). Nos 
analyses ponent sur des occurrences horaires conseculives de 6. 12, 18 el 24 heures. Les 

resuilats montren! que les vagues de froid sont rares avec tine au:t 30 ailS, alo~ que la 

frequencedes vagucs de froid a.~wciees au veol est pJuselevee avec une a lOllS les 6011 7 IIn~ . 
Certaioes regions f'Cmblent plus afreclces par eel alea climatique comme la zone siluee dans 
Ie lJiangle entre Sept- lies, Mom-Joli et Roberval , et qui inelu! aussi Baie-Comeau el 

Bagotvi lle . 

"'BST Il. " CT 

This anicJe documents the cold wavc phenomenon in soulhern Quebec , Our sialislil:al arxl 

geographical stud ic~ ulilize a double approach to best describe Ihis climatic hazard. The first 
method uses II threshold valueof - 3O"C to identify temperature-based cold waves while the 

second uses value.~ of both 1,900 and 2,300 W/m l for the wind-chill factor to dcline cold 

waves associated with wind. Consecutive hourly occurrences of 6, 12, la and 24 hours 

durat ion aroeonsidered , Our re.~u l!s indicale Ihallempcralurc-based cllld waves are rare with 

one in 30 years , On the other hand, cold waves associated with wind occur once in 60r 7 

years. Some areas are more prone to frequent cold waves oftbis sort as for example the 
Baie-Comeau/Sept-Ues, Monl-Joil and Roberval/ Bagotville areas, 
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INTRODUCTION 

Leg vagues de lemps froids hivemaux represement, et de loin , les pires aleas du 
lemps dans Ie sud du Quebec. Dans Ie bUI de delemlinerquelles sonll 'ampleurel!a 
frciqucnce de ce phcnomene, en rapport avec !'homme et ses diverses activites, 
nous avons procede a ('etude des vagues de froid hivem ales e n lanl que catastrophe 
naturelle, Cel article constitue la premiere panie de nos resullats . Nous avons 
ehoisi de separer la description el ('analyse du pbenomene de ses impacts sur 
I ' homme el de l'examen des plans de mesures d'urgence. Un deuxieme article 
examinera ces derniers points. 

D~FI/'IITIONS DES HUIl.S DE PRO ID 

Selon Villeneuve (1974), une vague de froid est un fon refroidissemcnlde rair ou 
invasion d'air tres froid, qui s 'etend sur un vaste territoire. Le Service de 
l ' Environnemeni Atmospherique d 'Environnement Canada (SO,a) considere, 
dans ses avertissements meteorologiques qu'il y afraid jntense lorsque I'aclion 
combinee du venl et de la temperature occasionne un facteur de.refroidissemenl 
eolie n suplirieur it 2 000 WJm 2 soulenu duranl au moins 12 heures. On relient 
egalement les conditions defroid extreme produil par J'effet combine du venl el de 
la temperature qui occasionne un facle urde refroidissement eolien de2 375 W/m2 
et plus , soulenu pendant au mains 6 heure.~. 

PourOuawa , Crowe (1984) el pour Montreal, Ie Service de 
j'Environnemenl Atmospherique (1987) s'attardenl aux vagues hivemales de 
lemps froid en utilisant la temperature minimale atteinte en 24 heures . Deux seulls 
sonl utiLises dans l'eludedu climal de Montreal , soit -25°Cet - 20"C alorsque la 
valeur de - 15°C est consideree dans celie du climal d'Ottawa. On s' inu~resse a la 
temperature minimale atteinte mais aus~ i a la dUrCe en joues pendant laquelle Ie 
Ihemlomelre s'est mainlenu en-dessous d ' un seuiJ choisi. 

II pcut s'averer hasardeux, sur une region aussi vaste que Ie Quebec, 
de determiner un seuiJ au I'on peut parler de " vague de froid" . La nolion de froid 
eSt relallve pour les diverses populations de la province d'ou la difficulte 
d 'applique r un SCULl fixe de lemperalUre minimaleen-dessous duquel on considere. 
qu ' une vague de froid a effectivementlieu. Considerant que les lempemtures 
minimalcs moyennesau sudde la province sont de I'ordrede -10,011 - 15,Q"eet, 
vcrs Ie nord, de I'ordre de -20,0 it -25,O°C (Proulx et al. , 1987), la valeur de 
- 30"C nous a semble appropriee comme seuil critique. 

U ne meilleure fa90n de definir Ie facteur froid est Ie calcul bien connu 
de ('iodice de refroidissement eolien, La figure I donne les courbes de cal cui de eel 
indice, ainsi que de. .. remarques sur Ie::; differents niveaux previsibles. A panir de 
ces courbes, calculecs par Ie Service de (' Environnement Atmospherique 
d ' Environnement Canada (SO, b) , il aete delenrune que les seuils criliques 11 
retenir pour la sante humaine sont de I 900 et 2 300 W/ml . A litre indicatif, 
mentionnons que la peau exposee commence it gcler lorsque Ie faux atteint une 
valeur egaJe it I 625 W/m2 el qu 'eJle gCie en mains d 'une minute it 2 300 WJmz. 
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FIGURE I. AOOljue de I' indicc de rc rruidisscment eolien. 

. . . . - - - . -. ---- ...... . - . -- . - • , 
., . " .. .. ... - - .. -"-"'." ,~, 

tire de Leduc & Gervais ( 1985, p.2 19) 

DESC RIPT lO N SYNO t'T IQUIi 

La presence de vagues de temps froid dans Ie sud du Quebec s 'explique, selon Hare 
et Thomas (1974) et Blair et File (1965) de deux fa~ons differenles , selon leur 
durie. Ainsi , les vagues de froid de courte duree resultent de tourbillons 
anticyc10niques superfic iels d'air froid Arctique, qui se deplacent vers Ie sud-est 11 
partir du nord-ouest canadien. Ces zones de hautes pressions amenent un temps 
clair et un fcoid rigoureux assode, dans I'est du Canadact au Quebec, a des 
conditions veoteuses. Dans Ie cas des vagues fmides de tongue duree, qui 
s ' instal lent pour plus de deux a trois joun;, on assisle gencralement a la presence 
d ' un fort anticyclone stalionnaire qui mainlient un flot d 'air Arctique froid , clairet 
nes sec a travers I'est du Canada el au Quebec . Ces hautes press ions persislantes 
peuvent eire cent.rees au-dessus de la Baied ' Hudson ou au-dessus de Ja partie 
centrale ouest du Quebec . Elles se deplacent.res lenlement du noni, nord-ouest, 
vers Ie sud, sud-est. Ces systemes Ires largcs vont, occasionnellemenl , se fonner 
directemenl au travers de la route nonnale des vems d 'ouest et les bloquer. On aura 
alors. a I'est et au sud des centres deces systemes, un flot d'air tres froid qui peUl 
souffler sans interruption a travers tout I'est du Canada et ccci pour des periodes 
pouvant atteindre une semaine . 
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DO NNEES liT MET HOOOLOGIE 

Pour celte recherche, scules les stations au sud du 50e paraJlele nord ont etC; 
considerees. 3. I'exception de Sepl-Ues (500 13' N) qui, malgre sa position plus 
nordique, represente une zone avec une certaine densile de population el une 
architecmre urbaine developpee. Ces stations, au nombre de 17, sont nOires au 
tableau I . Pour ce qui est des regions nordiques, au-deja du 50e paraliele , une 
premiere visualisation des donnees nous a demontre que ces zones subissenl, de 
faeon soutenue, des lemperalures et/ou des valeurs de refroidissement eolien 
superieurs aux seuils etablis. II nous a done pam superflu d 'analyscr, pources 
regions, les periodes de temps rroid intensifhivemaux , puisque celles-ci sont 
coutumieres. U n 'en demeure pas moins que les conclusions de cette recherche 
s 'appliquent, et a plus fortes raisons, a ces zones. 

PaUl" les 17 stations emdi6es, nous avons considere des valeurs 
horaires de temperatures et de refroidissement eolien pour des periodes varianl 
entre 10 et 30 ans (tableau I). Pourchacune de ces stations nous avon.'! C1abore les 
fichiers, tableaux et graphiques suivants: 

I) Analyse de rrequence, par mois, des observations horai re..~ de temps 
froid ( - 30"C) et de rejroidissement liolien superieur a I 900 et II 
2300 W/m2 (tableaux 2 3.4). 

2a) Calcul d 'occurrencesdes vaguesdefroid« - 3O"C)etdes vaguesde 
frOid associles au vent (refroid issement eotien superieur a I 900 
W/ml). Par " vague" nous entenLlons des periodes de froid persislant 
au mains: (i) 6 , (ii) 12, (iii) 18 heures consecUlives. 

2b) Caleul d'oceurrenccs des vagues de froid intense ou Ie refroidissement 
colieo est egal ou superieur a 2 300 W/ 011 , ceci pour des periodes de 
froid persistaot au moins: (i) 6 , (ii) 12 , (iii) J H heures consecutives. 

3) A panirdes tableaux e labores pour les calculs de 2ael2b, qui 
represefllefll des valeursd'occurrence sur des periodes variant entre (0 
et 30 ans , nous avons construil des lableaux equivalenls pour des 
valeul1i el·timees sur un an. Ceci nous permet decomparer les stalions 
entre-clles . Ces tableaux sont [Iume-rotes de 5 a 7 el ce soot eux que 
nous utiliserons pour J'analyse des resuhals. 

les eslimalions des frequences d 'occurrence annuelles 
d'observalions horaires de froid et des periodesde vagues de froid onl 
ete calculees suivantl ' hypothese que le/i donnees disponibJes it chacun 
des sites etaient representatives de la .,eriode de 30 ans retenue. Cette 
methode pennel de proceder it une cartographie de la r&:urrence 
probable de valeurs elevees pour Ie Quebec afin de mieux documenter 
la problematique de I'estimation de la vu!nci"abilile municipale II ce 
risque. 

4) Pour toutes les stations ayant denote des vogues de froid de 12, 18 ct 
24 heures, des vagues de rcfroidissemcnt eolien superieur it I 900 
W/m1 de 18 el24 heures, CI des vagues de rroid inlense 
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T ABL EA U NO. I, Stations rnetec,rologiques 

numero nombre 

0 italions d'identificl'lI ion d'annee.s latitude "N loogitude ·W Iype de elimlu 
;; 

Bago[ViUe 7<l604OO • g Baie-Comeau 104(»<0 g 
Chibougamau (2) 7091401 ~ 

30 48,20 71,00 scmi-continental 
23 49, 12 68, 16 maritimecOOer 
J6 49,49 75,25 continental 

n' Gaspe 7OS26()j 
"- Monl-Jo li 7055120 

'" c MtilDorval 7025250 

~ MIVMinbel 7035290 , Onawa 6 H)(i(XX) 

1O 48.46 64,29 maritime rotiet 
30 48,36 68. 13 maritime cOlier 
30 45,28 73,45 continental 

" 45,41 74,02 continental 
30 45.1 9 75.40 cononental - Q"""" 7016294 30 46,48 71,28 semi-conlinentaJ 

'" Rivie~..(iu-Lollp 70566 15 
C .... """ 7066685 if RQU)'n 1086720 , 

Scpt-lles 7047910 
"-;; Sberbmoke 7028124 

• SI-Hubert 7027320 
C Ste--Agalbe~Monts 7036762 0-
~ Val-d'Or -7098600 
Z;' 

" 47,48 69,33 maritime cOtler 
30 48,31 72.16 scmi-conlinenlai 
13 48,13 78,50 continental 
30 50.13 66.16 maritime croer 
25 45,26 71.41 continenllll 
30 45,3 1 73,25 colitinenllll 
21 46,03 74,17 continental 
30 48,04- 77.47 conlinenllll 

c 
0 

.\( 
~ -
i§ 



(refroidissemenl colicn superieur it 2 300 W/m2) de 6, 12 et J 8 heures, 
nous avons eonSUuit desfichiers-dates Uour-mois-annee) 
d 'occurrence de ees vagues. Ces fichier.. pennenent de verifier si les 
differentes vagues de froid sont locales ou prov inciale." et si elles anI 
une certaine cyclicitc ou repetitivite. 

RESULTATS 

Observations Iwraires de/mid 

Toutes les stations du Quebec prescntcnl, en hiver, des occurrences horaires ou In 
temperature aneint ou descend sous Ie seuII de - 30°C (tableau 2). C'estla region 
de Chibougamau qui est la plus froide, avec plus de 197 heures par hiver 
(decembre a mars), suivie parcelles de Rouyn et Val-d'Or. Ce sont les regions 
continentales qui , it latitude egale, subissent Ics temperatures les plus froides. Les 
regions cotieres ant des temperatures plus douces, lemperees par la proximile de 
grandes surfaces d 'eau libre de I'estuaire maritime et du golfe du Saini-Laurent. 
Parconlre, il esl it noterque la riviere du Saguenay et Ie lac Saini-Jean sont , en 
hiver, recouverts de glace en grande panic, d'ol! une influence mooeratrice 
moindrc. 

l.es observations horaires de froid arriven! principa!ement en janvier 
(56,5% du temps en moyenne), sui vi par levrier(moyenne de 25 ,2%). Elles sont 
beaucoup mains fIiquentes en decembre, 13% en moyenne, sauf dans les stations 
de Chihougamau, Mont-Joli et MIl/Mirabel. ou elles sont aussi nombreu!«!s qu 'en 
fevrier. Le mois de mars en presenle, en moyenne, mains de 1% du temps et 
seulemenl dans 8 des 17 stations. Encore la, c 'est Chibougamau qui est la stalion 13 
plus froide. 

Observations homires de refmidissemem iolien 

Les frequences d 'occurrence des obselVations hornires de froid reliees au facteur 
de refroidissement w lien (I 900 W/m2) sont. en general , nettement superieures it 
cclles striclement ratlachees aux temperatures (tableau 3). eeci est 
particulierement vrai pourtoutes les stations Ie long de j'axe du Saini-Laurent au 
les vents jouent un role important. Ainsi, dans Ie cas de ces stalions on note que les 
frequences d'oceurrences horaires de froid w lien sonl de 6 a 18 fois superieures it. 
celles du froid sans vent el meme 136 fois dans Ie cas de Mont-Joli (tableau 8). En 
ce sens, Mont-Joll el Riviere-du-Loup sont vraimenl dans une c1asse it part 
(tableau 3) . Pour les stations que nous avons appelees semi-continentales , soit 
celles de Bagotvilleet Robcrval, ainsi que les stations Laurentidiennes, il y a trois 
fois plus d'observations hor-lires de froid avec vent que sans venl. L'effel du vent 
dans ces regions se fai t done senti.r , sans eire toulefois aussi important que pour les 
stations Ie long de I'axe du Saint-Laurent. Pource qui est des stations 
continentales, on remarque que les frequcnces des valeurs criliques de 
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TAaLEAU 1'10_ 2 Occurrences annuelJes des observations horaires de froid ( - 3O"C) 

t % mensuel des occurrences annuelles 

Nom de Ia $talioo janvier femer m~ ~mbre tDtaI·hiver janvier fevrieT- m= """'""~ 
B~olVilJe 26,9 14.7 0.2 7 48,9 " 30,1 0,5 14,4 
BaJC-CoIDeau II • 0.' 2. 1 19.7 55.9 30,4 2.' 10,8 
Chioougamau (2) ".8 '" 10, 1 46,4 197,3 46 25.3 5. 1 23.5 
G;1!;pt 3.' 0.' 0 0 ' .3 79, 1 20,9 0 0 
Monl·loU 0.7 0. 1 0 0.1 I 73.7 13,1 0 13, 1 
MtlJDorval I.' 0.' 0 0.2 2.7 "" 23.1 0 8.' n Mtl/Mirnbel 8 IA 0 1.8 11 ,3 71.1 12.6 0 16,3 

§' ",",w. I.' 0.8 0 0.2 2.' 65.' 26.3 0 7.8 

5 Quebec 4.2 2 0 0.5 '.7 62.4 30.2 0 7,4 
Riviere-du-Loup 0 0.' 0 0 0.6 0 100 0 0 

~ Roberval 26.8 n,B 0 '.1 ".' " 28.3 0. 1 \6,7 ,,' Rouyo 76,9 38,2 1.7 29.4 146,1 52,6 26,1 1.2 20,1 

" 
Sepl-lles 9,5 4,5 0. 1 2 16,1 " 28 0,4 12,6 .. Sherbrooke 16,7 SA 0.' 4.' 30.2 55.2 27,6 2, ' 15,1 

"- Sf-Hubert 1,4 0.' 0 0.2 2.1 ".9 21 0 '.1 
g: Sle-Agathe-des-Monu 23.2 J2 0 ••• 43.7 57,6 27,4 0 IS 

VaI·d'Or 47,4 21 I.' 17,9 94,2 5<l.3 2B,7 2 J9 , - % des heures !01a1es .. Nom de- III Slatioo 0-6hr 6--12 hr 12- IBhr 18-24 hr U-6~ 6- 1 2~ 12- 1 8 ~ 18 24ht 
"- B<lJOIviUe 20.4 18,S 0.' 9.1 4 1,7 37,9 1.8 18.6 g: B3.le-Comeaw '.9 7,3 0.4 3.2 45,1 37,2 I.' J6 , ChibOtJgaroau (2) 81.4 75 '. 1 34,B 38,7 35,6 2.' 16,6 
0. A,... I.' 2.1 0 0.' 37.7. 48.8 0 14 ;; Morn-Joll 0.5 0.3 0 0.2 53 27 0 20 

5 Mtl/Oorval 0.8 I.' 0.2 0.2 28.2 58,6 6,2 7.3 
Mtl/Mir.lbel 4,4 5.3 0.8 0.' 39,] 47,4 6,7 6.7 5' Ouawa I r.7 O. r 0,2 " . r " 3,4 5,8 ~ 

,s' Queb«l 2.5 3.r 0.5 0.7 36,7 46.1 7.4 JO • RiviCrc-du-Loup 0 0.5 0.1 0 0 78,] 21.7 0 0 

~ 
Robervlll 18,4 17,7 2.4 10,3 37,7 30,3 4.' 2!,I 
Rooyn .... 7 77,7 5.7 7.2. 27,8 5),2 3.9 15,1 

w Sept-lies 7.' '.8 0 .2 I.' 47 42, 1 I ,:' 9.' ~ 

Shc:rbrooke 14,9 11,s- 0.3 3,6 49,2 38 1.1 11,8 
~ 51-Hubert 0.7 1.3 0.1 0 33.3 61.9 3.3 1,4 
:g Ste-Agatlle-de,s-Monu 16,6 21,6 2.3 3 .2 3B .J 49.5 5,Z 7.3 

VaJ--d'Or 37,1 39,7 2.5 IS 39,3 42, 1 2.7 15,9 



Tlt.8 L EAU NO , J, Occurrenccs annuclles des observations hOfll,imde froid !lUOCle au venl ( 1 'JOO W/m l ) 

'- % mcnsuel des OCCUlTem:es annuelles .. Nom de la station 
0 

toulhiver janvier femer ~ oecemble jIulviU fevrier m= decembn: 

<: Bagot"ille 169,1 72,6 54,4 " 27,1 42,9 32~ 8,9 " ", Baie-ComcaLl 119.9 57,2 " ... n ,8 47.7 29.2 4 19 

~ Chibougamau (2) 110,3 47 ,8 30,0 10.3 21.7 43.] 27.7 9,3 19,7 

'" ""pi 58,1 23,' 21,9 1,3 ",4 40,4 37.7 2,2 19,6 ,.. Mont,Joli 135.9 62,1 "'> 4,' 21.8 45,7 34,9 3,3 16,1 

'" MIl/Oo<W "', I 23,7 8,9 0,' 7,1 >9, 1 22,1 1,2 17.6 
0 MtVMirabel " 24 2,' 0 ,0 7,' 68,0 7, 1 1,7 22,6 

" On ... 37.9 19,9 10,7 0,9 6, 51" 28,2 2,3 17 :;:' Q<>it« 99,2 >G,2 27,1 1,3 20.6 >G,O 27.3 1,3 20,7 - Rivioi:~u,Loup 47,S 20,1 20,9 0,9 ',7 42.2 43.9 2 11 ,9 

if 
_. 

147 59.8 47 ,3 ) , 1 n ,7 40,7 32,2 4,8 22,3 
~ Rouyp "" >0.3 28,1 4,3 U .9 " 28.5 4,4 16 ,1 
• Sept-Uts 133,6 511.7 44.1 ' .3 " '> .. 33 4 19,1 • - Sherbrooke 2S.2 13,] 0.2 0,0 , 52.9 24,6 2,' 19,9 
I<- St-Hubert J8 n ,' 7,' 0,0 7,' 59,] 19 ,5 1,7 19,6 

'" Ste-Aglll.he-del,Monts 104,7 ".9 28,6 ',0 22,6 46.7 27,3 4.4 "'> 0 VaI-d'Or 87,6 37,5 29,4 7 13.6 42.9 33.6 8 15.5 

'" g Ok des hcures totales 

"" Nom de II Station 0-0 "," 6-12 hr 12-18 hr 18- 241tr 0-6 hr 6- J21tr 12 18 1tr 18 24 1u-
• BI~ille 48,' 54,9 33.4 32.3 28,1 32.5 19,8 19,1 
~ Bwe-CoolCall 33,7 41,8 19,1 25,4 2S.1 34,9 16 2 1.1 
0 Chibougamau (2) 27,6 37 2.5,3 20.4 25.1 33,6 22,9 18.5 

Gaspe 13, 1 18,2 15,5 11,3 22,5 31,3 26,7 19,4 
Mont-Joli 38.2 41.5 2>,2 3 1, 1 28,1 30,' 18,5 22.9 
M<I/Dmv. 8 14,8 11, 1 6,2 19,9 36,9 27 .7 15 ,5 
Mtl/Minbel 6.0 11 ,8 9,9 6,7 IS.8 33,8 28,3 19, 1 
Dna .. 9,9 15.9 0,7 ,,, 26 4 1,8 17.7 14,4 

"""'" 27,6 33,8 W,7 17,1 27,8 :14, 1 20,8 17,2 
Ri viere-du-Loup " 13,5 8,1 II 3 1,6 28~ 17 23,1 

""""'" 48.9 53,1 )7,6 2.7,4 33,3 36,1 12 18,7 
Rouyn 13,8 " 30,7 12 14 42,6 3 1.2 12,2 

"".11<> 39.7 40,8 23,0 29.6 29,7 30,' 17,6 22.2-s_ 0,1 ... ),4 3,' 24,3 33,4 29,3 13 
<- 51·Hubert 8 12,9 9,8 7.3 21 ,1 34 25.8 19,2 
~ SIe-AgadJe.Oel-~ionts 26.7 " 20,' 22.4 '" 33,4 19,6 2 1,4 

V.al-d'Or 24,5 32,3 16.1 14 ,6 ,. 36,9 18 ,4 16.7 



refroidissement wlien sont , en moyenne , 25% inferieures 11 celie:> des 
tcmp6rahlres froides. Ce sont les seules regio ns ou Ie facteurde refroidisscment 
rolien est moins imponant que les scules temperatures fro ides, e t Russi les regions 
qui sont les plus eloigfll!es des grandes masses d 'eau . 

Cest Ie mois dejanvier qui presenle Ie plus de risque au n; veau du 
refroidissement eolien (tableau 3), suivi du mois de fevrier. Les scules exceptions 
a cene regie sonlles stations de Gaspe el Riviere-du-Loupou les mois de janvieret 
fevrier soot aussi froids et les stations de Mtl/Mirabcl et St-Hubert au Ie mois de 
decembre est plus froid que fevrier. Controiirement aUl{ basses temperatures, les 
froids eotiens touchem toutes les stations en mars, bien qu 'a des degres di vers. Ce 
sont les regions de Bagotville . Chibougamauet VaJ-d'Orqui sontles plus affcctces 
(8-9% des occurrences), alors que les regions de. Montreal, des Laurcntides. de 
Q uebec et de Riviere-du-Loup sont it peine effleurees (moins de 2%). 

Observations homires de refroidissemelll roUen inrel1se 

Les observations horaircs de froid intense soit cclles ou Ie facteur de 
re froidissemeot w lien est egal ou superieur 11 2 300 W/rn1 touchenl, it des degres 
divers, les 17 stations considerees. La freq uence annuelle des periodes horaires 
vane de 0 ,08 a Shetbrook.e it 8,0 a Bagolville (tableau 4). Le palron tant qu 'il 13 
dis tribution de ces friquences est assez erralique bien qu 'on puissc faire ccnains 
rapprochements e ntre les stations. Ainsi, les stations les plus au sud de la province 
(SOUS le46e parallele) ont toutes des frequences d'occurrences annuelles ega les ou 
inferieures a t. Dans celie classe s'ajoutent les stations de Gaspe, Mont-Jol i et 
Riviere-du-Loup qui, malgre leur caractere cotier et leurs latitudes autourdes 47° 
et 48° N, sont peu touchees par des refroidissements ealiens intenses. Rouyn et 
Val-d'Or (Abitibi) constituent une classe avec des valeurs legerement superieures 
a une occurrence annuelle ( I ,23 et 1,30). Baie-Comeau, Chibougamau et Sept
nes , qui sont les statio ns les plus nordiques de cene etude, a ni des valeurs qui 
oscillent autourde 4 et 5 ce qui , it " exception de Bagolvi lle avec 8, representent les 
frequences d 'occurrences les plus eJevees. BagotviUe, avec ses 8 occurrences 
annuelles, est vraiment dans une classe a part e t scule.'i des analyses plus 
approfondies des vents hivemaux. en fonction de la si tuation geographique de cene 
s tation (fond d ' une cuvette) pourraient sans doute nous eclairer sur ce point . eeci 
est d 'autant plus surprenant que Roberval , qui est aussi Ie long de l'i!xe Saguenayl 
Lac-St-Jean, est beaucoup plus ouvert aU l{ vents que Bagotvilte et, pourtant, n 'est 
to uche par des froids intenses que 2 a 3 foi s par hiver, lout comme Quebec et 
Stc-Agathe-des-Monts. 

Pour toutes les s ta tions, les periodes de froid intense se produisent 
prine ipalement en janvier, dans une proportion variant entre 50 et 100% avec une 
moyennede 71 % el cn fevrier (tableau 4). Elle.~ sc produisent it loul moment de la 
joumee avec une dominance, saufpour Sle-Agathe-des· MonlS , cnlre 6 CI 

12 heures. 
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T"Bl£'!'U NO . 4 . Occurrences armuelh:s desobservations hotaires de froid intense (2 300 W/m1) ,.. 
% mcnsucl des occulTCnces annuelles .. Nom de III Mation tood hive'! janvier fenier - dtcembre janvier feYrier mm dOO:mbre 0 

il Ba~OIvilie S 5 2 0 I " ,5 25,4 0 12, 1 ". Bwe-Comt:all 3.' 2,7 1.2 0 0 68.2 30,8 0 I 
~ Chibougamau (2) 4.' 3.S 0._ 0 0._ 83.5 8.3 0 '.3 

'" 
Ga.o;pe 0.' 0.4 0.2 0 0 66.7 33 ,3 0 0 ,.. Monl·Jol; 3.1 I., 1,3 0 0 57 .2 41,6 0 0.' 

~ 
~hllDorvaJ 0.' 0.7 0.2 0 0 78,5 21 ,S 0 0 
MII{Minlbel 0,' 0,5 0, 1 0 0 86,2 13,8 0 0 

" "'"' .. 0 ,3 0.2 0. 1 0 0 60.' 39,4 0 0 ". 0"'''''' 2.1 I .' 0.4 0 0.1 76,5 17.4 0 '.1 - Riviere-du-Loup 0.4 0._ 0 0 0 100 0 0 0 

;g: """"'. 2,' U 0.8 0 0.3 57 .7 3 1.9 0 lOA 
Rouyn 1.2 0.8 0.4 0 0 69.1 30.9 0 0 

'" Sept-lies _.9 2.8 1.9 0, 1 0. 1 " ,3 39 1.4 I._ 
" ~ Sherbrooke 0 0 0 0 0 50 50 0 0 

~ 
S,-Huben 0.9 0.7 0.2 0 0 SO.5 19,5 0 0 

" 
Ste-Agathe-des·Moots 2.8 2 0.5 0 O.J 70.9 19,!I 0 ',' c Va1-d'Or I .J I O.J 0 0 76,9 23.1 0 0 

ii: '% des heures totales 

" Nom de III station 0-6'" 6-12 hr 12- IB hr IB-24 hr 0-6 hr 6 - 121lt 12- IBhr 18- 24 hr 

'" Ba~oMlIe 2,4 J,J 1.2 1,2 29.6 41,3 14,6 14,6 " ~ Bilie-ComeaU I 1.2 I 0.8 24,6 JO 25,' 2 i.3 ~ • Chibougamau (2) 1. 1 I.' 0.7 0.' 23,2 42,5 15, 1 19, 3 
0 Gaspe 0,2 0,3 0 0.1 33,3 50 0 16,7 

Moot-Jol i I 1.1 0,5 0,' 33,2 34.5 17,1 18,4 
Mtl/DllfVaJ 0,2 0.4 0.2 0,1 24,7 43 lA.7 7,5 
Mti/MinIbcl 0 0.4 0.2 0 0 71,2 28 ,8 0 "'"'., 0.1 0, 1 0 0. 1 39,4 39,4 0 21 ,2 
Q""'" 0.5 1.2 0.4 0 24,9 56J 17 ,4 I,' 
Riviere-du-Loup 0.1 0,2 0,1 0 12,5 50 17,!I 0 
R""""" 0.8 I 0,5 0.3 30,S 38,S 19,2 II ,S 
Roo," 0 0,8 0.2 0.2 0 62,6 IB,7 18,1 
Sept-lIe!i 1.5 1.7 0,7 0.' 30 35,3 14.9 17 ,8 
Sberbrooke 0 0 0 0 0 0 0 0 
St-Huben 0.2 0.4 0.2 0, 1 23 49,4 19,5 8 

~ Stt-Aj!!atbe-des-Moots 1.2 1.1 0.5 0, 1 41.8 3B,7 16 3,2 
~ Val-d Or 0.2 0,' 0,3 0.2 15,4 43,8 2S,4 15,4 



US vagues defroid 

a) vagues de 12 heures 
Les donnees du tableau 5 montrent que, sur une periodc d ' un an, In region de 
Chibougamau est celie qui, de loin, peut s'attendre au plus grand nombre de 
vagues de froid ( ~ - 30"C) par hi ver, soit environ 5. Elle cst sui vie par les stations 
de Rouynel Val-d'Oravec pres de 2 vagues. elde Bagotvilleet Roberval avec une 
(1) vague de froid . Ceci concorde avec Ie fait que ce sonl ccs stalions, de type 
continental, quj, en ordre, prisentenlle plus grand nombre de periodes hQraires de 
froid par hiver. Mirabel peut s'auendre a une lelle vague a tous les 3 ans; les 
stations de Baie-Comeau , Sherbrooke el Sle-Agathe-des-Monts a une aUx 6 ans; el 
les stations de Dorval , Ottawa, SI-Hubert, Quebec el Sept-lies a une aux 14 ans. 
Les trois stations cotieres sur la rive sud du Saint-Laurent n 'onl connu aucune 
vague de froid pendant la periode de donnees disponibJcs_ 

Ces vague.'i de froid ont lieu principalemenr ou en tOlalilc. (% variant 
entre 52 et 100) au mois de janvier. Les six stations les plus t:roides peuvent en 
attendre en femer et decembrc, bien que deux it trois fo;s moins qu 'en janvier, 
a10rs que seule la station de Chibougamau a de rdres possibili tcs d'en subir une en 
mars, soil a taus les 17 aos_ 

b)vaguesde 18heures 
Les vagues de froid d'au mains 18 heurcs affeclent 10 des 17 stations consil1Crees 
(tableau 5). Si on excepteChibougamau, qui peut en accuser 2 par 3 hivers , les 
autres stations ont des frequences d 'occurtcnce beaucoup plus faibles . Ainsi on 
peUI denombrer une occurrence it 10US Ics 2 ans a Rouyn ct Val-d'Or, unea tous les 
4 it: 5 ans it Roberval , une a lOllS les 7 ans a Ste-Agalhe-des-Monls el Bagotville, 
une it lous les 14 ans a Mirabel. Quebec el Sept-IIe.~ et a peine une par 25 ans it: 
SI-Hubert. 

Ces occurrences se produisenl principalement en janvier avec , pour 
les stations les plus froides , des occurrences secondaires en decembre(fevrier pour 
Bagotville el Roberval). La possibilire de ces vagues en fevrier est faible el ne 
touche que 4 des to stations, alors qu 'elle est inexistante en mars . 

c) vagues de 24 heures 
Ces vagues de froid persislanteS" n 'affectent que 5 des 17 stations, soil 
Chibougamau, Rouyn , VaJ-d'Or, RobervaJ et Ste-Agathe-des-Monts. Les 
frequences d'occurrence sont faibles (tableau 5) el toutes ces vagues surviennent 
en janvier, quoique Chibougamau puisse en accuser une sur six en decembre. 

d) les fichiers-dates 
Lorsqu 'on analyse Ies fichiers-dates des vagues de fro id on nole que: 
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i) des vagues de froid gener.t1isees a travers la province son! rares, soit 
une aux 30 ans, la dcmiere datanl des 3 ct 4 janvier 198 1; 

ii) des vaguesde froid generales de 12 hcurcs consecutivcs se produisent 
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•• • TABLEAU NO . 5 . ()(:curreoces mensuelles des vagues de froid ( - 3O"C) $tiT un IllI -to ,.. 

VlIgues de 12 heurt:s VlIguN de 18 heures vagues de 24 hcures 

" c ,. Nom de Ja sration 
S· 

jm fev = "" ~oJ jm fev ~ dOc - j~ fev ~ "" ",oJ 

- Bagorville 0.63 0.13 0.00 0.01 0.83 O.oJ 0,07 0,00 0,00 0,13 0,00 0,00 0,00 0,00 0,00 

if Baie-Comeau 0,17 0,00 0,00 0,00 0, 17 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 
~ Cllibougamau (2) 2,56 1,06 0,06 1, 19 4,88 0,88 0, \:J 0,00 0,56 1,56 0.31 0,00 0,00 0,06 0,38 

" Gaspe 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 

" Mont-loti 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 i} 

'" 
MtlfDorvai 0,Q7 0,00 0,00 0,00 0,07 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 

c Mtl/Mitabcl 0,17 0,00 0,00 0,00 0,17 0,08 0,00 0,00 0,00 0,08 0,00 0,00 0,00 0,00 0,00 

'" ",",w, 0,0'7 0,00 0,00 0,00 0,07 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 c • Q»ibtt O.oJ 0,00 0,00 0,00 0,D7 0,07 0,00 0,00 0,00 0,07 0,00 0,00 0,00 0,00 0,00 
I<> Riviere-ilLl'Loup 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 • Ii' Roberval 0,80 0,17 0,00 0,20 1,17 0,17 0,07 0,00 0,03 0 ,27 0,03 0,00 0,00 0,00 0.03 

" 
Rnuyn 1,15 0,38 0,00 0,38 1,92 0,38 0,00 0,00 0,15 0,54 0,15 0,00 0,00 0,00 O,IS 
Sept-lIes 0,07 0,00 0,00 0,00 0,07 0,07 0.00 0,00 0,00 0,07 0,00 0,00 0,00 0,00 0,00 
SherimJou 0,20 0,00 0,00 0,Q7 0,27 0,Q7 0,00 0,00 0,00 0,07 0,00 0,00 0,00 0,00 0,00 
SI-Hubert 0,03 0,00 0,00 0,00 O,QJ 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 
Sle-Agathc-des-Moms 0,24 0,05 0,00 0,05 0,33 0 . 14 0,00 0,00 0,00 0.14 0,10 0,00 0,00 0.00 0, 10 
Val-d'o.- 1,07 0,40 0,00 0,20 1,61 0,33 Om 0,00 0,07 0,43 0,10 0 ,00 0,00 0,00 0,10 



pendanl2 a 3 jours, a tous les de ux ou Iro is ans, mais seulemenl sur les 
regions au nord du 48c paraJle le; 

iii) les sialions de C hibougamau , Rouyn et Val-d 'Or, soit les reg io ns de 
J'Abitibi el du centre nord-ouest du Quebec, subissent une vague 
regionaJede froid de 12 heures, parfo is dcUll , a lo us les anset pour des 
periodes varianl e ntre J et 3 jours; 

iv) seule 13 station de Chibougamau presenle une vague de froid de 18 
he ures a presque toutes les annees; 

v) les s tal ions subissem, en moyenne, trois fois plus de vagues de froid 
( 12 heures) d'une journee que de vagues de froid de deux jours el plus . 
Seules les stations de Chibougamau, Rouyn et Val-d 'Oront des 
vagues de froid de trois jours, soit environ une occurrence sur vingl 
(20) . C hibougamau est I' unique station it subirdcs vagues de froid 
continues pour plus de trois jours soit, en II ans, une occurrence de 
5 jouJ'S et une 8 jours; 

vi) la nature des vagues de froid locales et a J'echelle regionale cst 
erratique. L 'analyse des donnees semble plutot dCnlontrer que les 
vagues de froid anivent par groupes d'annecs. A insi, les hivers 
1967- 1968 Furent froids alors que les annees 1969 a 1975 semblent 
avoi! ete plus temperees saufl 'hiver 1975 qui fu t froid pour l'Abitibi et 
Ie centre nord-ouest du Quebec. Les annees 1976 it 1980 fure nt aussi 
supportables aJOTS q ue ) 98 1 et 1982 a nt ete particulie.ccment froides a 
J'Cchelie de la province. Depuis 1983 1es temperaturcs demeurent plus 
lemperee s. 

Vagues defroid associies all vem (I 900 Wlm2) 

a) vagues de 12 hcures 
Les vag ues de froid qui impliquent un refro idissement colien egal ou superieur a 
1 900 W/m2, pour des periodes de 12 heures et plus, ani etc observees dans nos 17 
stations et se produisent , sauf a C hibougamau el Rouyn , beaucoup plus 
frequemment que les vagues de froid strictemcnt associees <lUX temperatures 
egales au inferieurcs a - 30°C (tableaux 6 e( 7). Ainsi , bien que Chibougamau et 
Rouyn subissent environ 30% moins de vagues de froid associees au vent que de 
vagues de froid associees aux seules temperatures, Its aulrcs stalions en accusent 
J ,5 it 58 fois plus. 

Pour les vagues de fro id associees au vent , ce sont les stations de 
BagolViUe, Mont-Jo li el Sept-lies qui. en ordre , ont les plus grandes frequences 
d 'occurrences annuelles, entre 4 et 5,8 par hiver. Suiventles stations de 
C hibougamau , Roberval. Bale-Comeau et Quebec avec· 3 a4 occurrences; 
VaI-d'Or avec 2,4; Ste-Agathe-des-Monts, Dorval, Rouyn, St-Hubert, Gaspeet 
Mirabel avec un peu plus d 'une occurrence et, finalemenl , Riviere-du-Loup , 
Ottawael Sherbrooke avec un peu moins d ' une occurrencepar hiver. Pource type 
de vague de froid , ce sont les statio ns pres des COles (sauf Gaspe el Riviere-du-
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~ TA.8LEA U N O. 6 . Occurrences mcnsue.lJes des vagues de froid as.o;ociees au Yenl (I 900 W/ml), sur un an 

e 
v~ de 12 heurcs vllgues de 18 heures vagues de 24 hcurtS 

'" 0 ". Nom de 13 slation ;.., feY mv '" mw jan fev - "" ,""" j~ lev ~ "', ..... 
S· - BagotviUe 2.SO 1,87 0 ,43 0.77 5,57 1,33 1.00 0, 10 0.40 2,83 0,43 0,30 0.00 0,13 0 ,87 

If Baie-Comeau 1,83 0,87 0.'" 0.57 3,30 0 .... 0,52 0.00 0,13 I , ll 0 , 17 0 ,22 0.00 0.00 0,39 

i Chibougamau (2) 1.75 1, 19 0.00 0,81 3,75 0.44 0,31 0.00 0.25 1.00 0.25 0.06 0.00 0.00 0,]1 
Gaspe 0.30 0.00 0.00 0.20 1,10 0, 10 0.30 0.00 0,10 0.50 0.00 0.20 0.00 0.00 0.20 .. Mom-loti 2.40 I.n 0,03 0,70 4.90 1.20 1.01 0.00 0,30 2,57 0.30 0,4] 0.00 0.00 0,73 

~ 
Mtl/Dorval 0.00 0.27 0.00 0,27 1,33 0.23 0,03 0.00 0,10 0,]7 0,10 0.00 0.00 0.00 0 ,10 
Mll/Mirnbel 0,83 0.08 0,00 0, 17 1.08 0,:33 0.00 0.00 0.08 0,42 0,011 0.00 0.00 0.00 0.08 

" ""w. 0.57 0.23 0.00 0,10 0.90 D,Il 0,03 0.00 0,03 0.20 0.00 0.00 0.00 0.00 0.00 • 0 Q«"" 1,73 0,77 0,03 0,73 3,27 0.&3 0,27 0.00 0.30 1.40 0,17 0,07 0.00 0,10 0.34 
IC Rivien:-du-I..oup 0,47 0.40 0.00 0'])) 0,93 0.13 0,27 0.00 0.00 0.40 0,])) 0'])) 0.00 0.00 0.13 0 

~ Roberval 1,63 1,]3 0,0] 0,73 3,73 Q,S) 0,47 0.00 0, 17 1,17 0,17 0,23 0.00 0,03 0,43 
• ROllyn 1,08 0.08 0,00 0. 15 1,31 0 .23 0,08 0.00 0.00 0,3 1 0.00 0.00 0.00 0.00 0.00 0 

Sept-TIes 1,87 '.40 0,03 0.00 4, 10 0.00 0,67 0.00 0.23 1,10 0 ,17 0 , 10 0.00 0.00 0,21 
Sbertrooke 0,76 0.20 0.00 0,20 1,16 0.20 0,07 0.00 0.00 0,27 0.00 0.00 0.00 0.00 0 .00 
51-Hubert 0,73 0 ,17 0,03 0.2JJ 1,1'3 0 ,33 0,Q3 0.00 0,07 0,43 0,07 0.00 0.00 0.00 0,07 
Ste-Agame-des-MonlS 0,76 0 ,38 0.00 0,24 1,38 0 ,33 0 ,05 0.00 0, 10 0.48 0,10 0.00 0.00 0.00 0,10 
Val-d'Or 1,10 0 ,87 OJ) 0.30 2.40 0,37 0.23 0.00 0,10 0 ,70 Om 0,03 0.00 0.00 0,10 



Til H LE II U NO. 7. Rapport dCIi friqucl\Cc.~ des observatio[ll; IIoroirc5 armuc1Jcs dc froid colicn 
veMls Ie froid Msocic IIUX temp:ratult:s cga1es ou infencurcs iI - 3O"C. 

hres froid - 3O"C hres froi Ll 1 900 w /ml 
Nom de la ~tatlon A B 

8ag«viUe 411,87 169.23 
Baie-Corneau 19.711 JJ9.9J 
Chihouzamau (2) t<)7 ,1 t I O ,2~ 

GlI5pC 4,3 59.1 
Moot-JoU l3.~,9 

MIVDorvaJ 2,7) 40,23 
MIUMirabel 11 ,25 " Ottawa 2,93 37,93 
Qutt>ec 6,73 99,17 
Riviere-du-Lol.lp 0,' 47,53 
RobeJval 411,77 147 
Roo)'n 146, 15 98,31 
Sept-Hes 16.1 133.63 
Shertrooke 30,24 25,16 
St-Hubcn 2,1 38,07 
Ste-Agathe-des-Monts 43,7) 104,64 
VaJ-d 'Or 94,2 117,57 

Note: tOUlts les villeurs son1 calculc~s sur Line periodc· d'un hiver, soil enlre dtccmbrc CI mars 
(i nclLlsivemenl). 

./A 

3.46 
6,06 
O,5t. 

13,74 
135,9 

14.74 
3.1 1 

12,95 
14 ,74 
79,21 

3,01 
0 ,67 
',J 
0,83 

18, tJ 
2.39 
0," 

loup) qui ont les plus fortes occurrences, el on peut y voir I'importance de la vallee 
du Saint-Laurent sur I'effet soutenu des vents. Les stations les plus mcridionaJes 
ont des friquences d'occurrence plus faibles. mais lou! de meme nellemem 
superieures (en moyenne 10 foi s plus) aUK vagues de froid associees aux seulcs 
temperatures. 

Les vagues de froid associces au vent se produisenl avant tout en 
janvier (sauf it Gaspe ou fevrier est plus froid) suivi generalement de fcvrier puis 
decembre, sauf dans les cas de Mirabel . Rouyn e! St-Hubert au Ie contr.lirese 
produit. SeuJemenl8 des 17 stations presentent des occurrences au mots de mars et 
e lles sont rares (tableau 6 ). 

b) vagues de 18 heures 
Les 17 stations analysees san! aussi sujeltes aux vagues de froid de 18 heures c ( 

plus. quoique Jes frequences d 'occurrence soien! neuement plus faibles que POUt 
les vagues de 12 heures. BagolVilleet Mont-Joli denotent 3 vagucs par hiver; 
Sept-lies, Quebec, Roberval , Bale-Comeau et Chibougamau entre I et 2 et les 
autres stations moins de une. 

Ces vagues de froid se produisent surtout en janvier, suiv j du mois de 
fcvrier (sauf Baie-Comeau et Riv iere-du·Loup ou Ie contraire est obsetve) . Les 
occurrences en decembre representen! environ 10% des occurrences totaies. Le 
mois de mars est exempt de ee !ypede vague, sauf a BagOlvi lle qui peut en accuser 
une·a lous les dix ans . 
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c) vagues de 24 heurcs 
Un total de 14 stations sur 17 accuse des vagues de fro id associces au vent d 'au 
moins 24 heures consecutives. Les friquences d'occurrence sont faibles. On en 
note environ une par hiver it Bagotville et Mont·Joli , qui sont les deux stations les 
plus affectces pat les venl~, une aux trois ans a Baie-Comeau , Chibougamau , 
Quebec. Robenal et Sept-lies, et uneaux dix ans dans IOUies les autres stations, 
sauf Ottawa. Sherbrooke et Rouyn qui n 'en subissent pas. A nOler que ces trois 
stations sont de type continental. done moins sujctles aux vents soutenus qui 
parcourent la vallee du Saint-Laurent. 

Ces vagues de froid arrivent deux fois sur trois enjanvier, sauf pour les 
stations cotieres et semi-continentales de Baie-Comeau , Gaspe, Mont-Joli et 
Roberval Oll fevrier est legerement plus froid. Les occurrences en deccmbre sont 
TareS et ne frappent que BagOlviiJe, Roberval et Quebec , tOLltes des stations de type 
semi-continental. Aucune de ces longues periodes de froid ne se praduil en mars. 

d) les fi chiers-dates 
A noterque: 

i) des vagues de froid assoc iees au vent, a I'eehelle provineiale, de 18 
heures et plus, se produisent a taus les six ou sept anSi 

ii) si on eltcepte la zone au sud du 4t)e paralle le, ces vagues de froid qui 
persistent pour 18 heures el plus peuvent se produire, en moyenne, it 
tous les trois ans, ceci pour des periodes de un ou deuxjours; 

iii) seules les regions de Mont-Joli. Hagotville et Sept-lies peuvent 
s'attendre a une telle vague de froid it toutes les annus et meme , 
sunout dans Ie cas de Mont-Joli , it deult ou trois vagues par hiver 
dUf'.lnlles annecs fro ides; 

IV) tout comme pour les vagues de froid strictement associees aux basses 
temperatures, les vagues de froid associees au vent nesont pas 
vraimem cycl iques. Les annees 1959- 196 1, 1967- 1968. 1975 et 
1979 11 1982 ont eu des hivers particuJierement froids alors que les 
annees 1963- 1966, 1969- 1971 et 1977- 1978 furenl beaucoup plus 
temperees sur la majorite des regions de la province . Dcpuis 1983 les 
tcmps tres froids sont relativement rares, 11 I'exception de vagues de 
froid locales ou regionales dans la region du bas du Oeuve. en aval du 
Saguenay; 

v) la majorite des stations subissem des vagues de froid associees au vent 
qui , dans 80% des occurrences , ne se prolongcnt pas au-dela d ' une 
joumee. CepemJanl, dans Ie cas des stations cotieres et 
semi -continentales les vagues de deux el trois jours represe ntenl , en 
moyenne, 25% des occurrences totales. Seule la .. one situee dans Ie 
triangle entre Sepl-Ucs, Mont-Joli et Roberval et qui inclul auss; 
Baie-Comeau et Bagotville. subi t de ces vagues de froid pour une 
duric superieure a trois lours. Ces demieres vagues peuvent se 
prolonger jusqu 'a neufjours. mais fie representem, pour les stations 
concemees, que 5 a 6% des- vagues au tOlal. 

1. iAcrou el OJ Hoivin / Vagues defroid au Quebec /53 



Vagues defroid imense (2 300 W/m 2) 

a) vagues de 6 heures 
Ces periodes de refroidissemcm colien lnis cleve som dangt':I'Cuses pour rhommc 
mills peu f requentes. Sur les 17 li tations cludiees, 12 CII sonl afrcclces, Gaspe, 
Mirabel. Ottawa. Riviere-du-Loup et Sherbrooke en ctant eltemptCeli (tableau 8). 
8agOlvilie ct Chibougamau, les stations les plus propiccs it ce typed'evenemenl, 
n 'en subissent qu 'environ unc aux deux ans. Sept-lies suit avec une cx:curren<:e :IU,( 

trois ans, Baie-Comeau avec une aux qualreans, Mont·Joli avec unc aux cinq nns 
et Roberval avec une aux six ans. QuetlCc, Ste.Agathe·des-Moms el VaJ·d'Or 
peuvent en attendre une pardix ans, Dorval et Rouyn unc aux quator..:c ans cl 
fina lement St-Huben une aux lrcnlea.ns, La distribution des vagucs de rroid 
intense ne suit aucun schcma gcographi(lue particulicr. si ce n'esl que les slations 
les plus au sud sont gcncralcmcnl cel1cs qui sonl Ie moills afrectees , A latitude 
egale, ce sontles stationsootiercs qui sont lcs plus touchees, it I'exception de 
Gaspe el Riviere-du·Loup qui semblenl etre reialivemcni protcgees des venlS IrCs 
froids. 

Tallies les vagues de (roid inlensesc produiscnl cn jrlnvicr et (cvricret, 
cn moyenne. janvicrdenolc trois fois plus d'occurrences que revrier, Aucun cas ne 
s'eSI presentc en decembreou en mars. La periooede 13 joumee 13 plus louchce par 
ccs vagucs eSI Ie matin, etl(re 6 ct J 2 heures, alors que les occurrences lioni 
quasj-incxistanlcs entre 18 et 24 heurcs . 

b) vagues de 12 heures 
Sur Ics 17 stations ctudices, 9 pcuvcnt subir, it des dcgres divers, des vagucs de 
froid inlensi!' pour~ periodes de J2 hcures consCculives. Bagotvil le eSI encore la 
Slation la plus affectce avec 101 l)Ossibililc d'une tcUe vague it tous les uois ou quatre 
ans . Baie-Comeau elChibougamau prescntent des risques une fois a IOus les six 
ans. Mont-Joli. Quebec el Sepl-lles peuvenl s')' altendrc au:\ quatorLe ans alol'S 
que Dorval, RQberval et Val-d 'Or ell cssu)'eront une aux trenlc ans . 

Ces vagues som partieulierement ptisentes en janvier avec, toutes 
proponions gardeeli, deux fois plus d'occurrences qu'en fevrier. Elles debulenl 
sunou{ au milieu de la nuit pour lie poursuivrejusqu'en debut d'apre. .. ·midi Ie 
lendemain. 

c) vagues de 18 heures 
Dc tclles vagues de (roid n';lneigneJlt que Bagolville , Btlie·Comeau. 
Ch ibougamau el Mont-Joli . toutes des slat ions siscs entre le48~ elle5QC- parallele 
Nord . Ces stations ont d'aillcurs dcmontrC, 10UI au long de nos resultats. qu 'clles 
cOnst ituent les ZOnes les plus froides du Quebec nu sud du 501:: parallclc. Oagolvill~ 
avec la possibilitc d' une telle vague aux dix ans CSt la simian la plus louchee. 

Ces vagues se manircstcllt cnjanvier it BagolviUeel Chibougamau, 
deux stations plutOl continentales. alors (IU 'clles sc prCsentcnt en fevrier dans Ie. .. 
lIeux slat ions cOlicrcs de Baie-Comeau el MOlll·Joli , Ellcs affcclclllloujours les 
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" ~ TABL E AU No . 8 . Occurreoces rnet15uelJes des vagues de f'roid intense (2 300 W/mZ), sur un an 

'" ,... 

'" ,"'" V~1le5 de. 6 heures vagues de J 2 heu.res vagues de 18 beu.re~ 
0 "' ..... " Nom de la swion de froid j~ fev "'" ,~I j~ fiv "', ,,'" jM fey "" ,""" 5' - m~ = - BagotviUe ',00 0 ,37 0,10 0,00 U,03 0,'" 0,17 0,07 0,00 0,03 0,27 0, 10 0,00 0.00 0,00 0,10 
li Baie-Comeau ),95 0,22 0,04 0,00 0,00 0,26 0,00 0,", 0,00 0,00 0.13 0,00 0,04 0,00 0,00 0,04 
00 Chibougamau (2) 4.56 0,38 0,06 0,00 0,00 0,44 0, 1) 0,00 0,00 0,00 0, 1l 0,06 0,00 0,00 0,00 0,06 • 
~ G"" 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0 ,00 0,00 0,00 0,00 0.00 0,00 
il- Mont-Joli 3,,. 0.13 0,07 0,00 0,00 0,20 0,03 0,03 0,00 0 ,00 0,07 0,00 0 ,03 0,00 0,00 0,03 

~ M"""",. 0.93 0,07 0,00 0,00 0,00 0,07 0,03 0,00 0,00 0,00 0,03 0,00 0,00 0,00 0,00 0,00 

" Mtl{Mirabc:J 0.58 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0 ,00 0 ,00 0,00 

~ 0" ... 0.33 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 

\C (loiboc 2,]3 0,07 0.03 0,00 0,00 0,10 0,07 0,00 0,00 0 ,00 0,07 0,00 0,00 0,00 0 ,00 0,00 

• Riviere-du-Loup 0,40 0,00 0,00 0,110 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0 ,00 0,00 

f Roberval 2,00 0, 10 0,03 0,00 0,00 O,1l 0.03 0,00 0,00 0,00 0,03 0 ,00 0,00 0,00 0 ,00 0,00 
ROIIyn 1,23 0,08 0,00 0,00 0,00 0,08 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 
Sepr-lles 4,80 0,20 0,1l 0,00 0,00 0,33 0,03 0,03 0,00 0,00 0,07 0,00 0,00 0,00 0,00 0,00 
SheJbrooke O,OS 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0.00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 
SI-Huben 0 .87 0,03 0,00 0,00 0,00 am 0,00 0,00 0.00 0,00 0,00 0 ,00 0,00 0,00 0,00 0,00 
Ste-Agathe-des-Moms 2.82 0,05 0,05 0,00 0,00 0,10 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 
VaI-cfOr 130 0,07 0,03 0,00 0,00 0, 10 0,03 0,00 0.00 0,00 O.oJ 0,00 0,00 0,00 0 ,00 0,00 



srarionsentce 18 heureset 12 hcures de lajoumeesuivantc. On peut soulignerque 
Bagorville et Mont-Joli sont les seules stations a subir dc~ vagues de froid intensif 
qu i persistent pour au moins 24 heures. Une tclle vague ne revient , dans les deux 
cas, qu'a tous les 30 ans. 

d) les fichiers-dates 
L 'analyse permet de conslater que: 

i) it l'cKception des stations au sud du 46e pnmllcle qui ncsont pas 
affeclees. un lei phenome ne mCII!orologique pcut frapper 
simultanement la majorilc de In province une fots tous lcs 15 ans; 

ii) des vague,; plus rcgionaJes affectcm 1e.~rCgions a l'est du flge meridicn 
environ aux 5 ans, auumt sur la rive nord que sur la rive sud du 
Saint-Laurent: 

iii) la majoritc des sl:uions semblcllt SurtOlit nffcclccs par des vagues 
locales dont la diStribution Icmpurelle ne denote aucunc periodicitc. 
Encore une foi s, il semble qu 'on assis te plulot i:I tine ahcl1lance lion 
cyclique de serics d 'annees chaudes et d 'annees froides. 

CONCLUSION 

Le phenomene vague de froid eSl omnipresem sur lout Ie Icrriloire meridional du 
Quebec poor les mois de janvier et fevrieret, dans une moindre mesurc, en 
decembre et mars pour les stations les plus au nord . Des vagues de froid 
ge neralisees a travers la provi nce sont rares, soi t environ U/lC aux 30 ans, la 
demiere datant des 3 et4 janvier 198 1. Pour les regions au nord du 48c parallele, 
des vagues de fro id generJ. les de 12 heurcs conseCUlives se produisem pendant 2 a 
3 jours, a taus les deux ou trois aos. Les regions de l'Abitibi et du centre nord-ouesl 
du Quebec subissent une vague regionale. de froid de 12 heures, parfois deux, it 
tous les ans et pour des durees variant entre I el 3 jours. 

A l'echeJlede laprovince. les vagucsde froid associecsau venl, qui se 
maintienllent pour 18 et 24 heures consccutivcs, sc produiscnl a tous les 6 qu 7 ans. 
La Illajorite des stations subissent des vagucs de fro id associces au venl qui , dans 
80% des occurrences, ne se pmlongent pasau-delad' unejoumce. Sculletriangle 
entre Sept-lies, Monl-Jo li et Roberval . ct qui inclul aussi Baie-Comeau cl 
Bagotville, connait de te lles vagues d'une durec supericure a trois jours . 

En ce qui a lrail aux vagucs de fmid intense , dies peuvent fmppcr les 
stations au nord du 46c paraitcJe une fo is tous les 15 aos. Nuus avons egalcment 
remarque que des vagucs plus regionales affeClent la region it 1 'est du 68e meridien 
environ a 10US les 5 ans el ceci aulant SUT la rive nord que sur 1a ri ve sud du 
Saint-Laurent. 

Cet article ouvre la porte vers d 'autres elUdes geographiques et 
climatologiques. Ainsi, dans une prochaine etape, it serail approprie d 'analyser Ie 
risque pour les stations nordiques. Maintenant que I'on dispose d ' une source de 
renseignements precise sur Ie risque reel en regions mcridonales, nous sommes cn 
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mesure de proceder a \'examen et a la validation des plans de mesures d ' urgence 
des municipali tcs du Quebec qui dolvent estimer Ie risque vague de froid sur leur 
le rritoire. 
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ABSTRA CT 

Trends in precipitation at Victoria Orm:z.ales Hcightsover a 74-year period {1914- 1987} arc 
described. Eleven-year moving averages ofbolh annual total and maximum onc-dllY 

precipitation had maxima in thc.193<h> and 19SOS and a minimum in the 1940s. Growing

season precipitation reached a maximum in the 1930s but otherwise has been very 
consistent. Decreasing winter prccipillllion is mainly responsible for a decline in the annual 

total since the early 19505. The ycar-lo-yearvariHbility of annual lOlal precipitation has been 
greater in the second half of the record. Trends at Victoria are oot necessari ly replicated in 
other areas of British Columbia . 

Celie note pre~ente lei> lendances des precipitations 11 Victoria Gonzales Heights durantla 

periode 1914-1987 (74 annw). La moyennc mobile d'onrA: ans revele que III hauteur 

anllue\le et la valeur joumaJiere muimale de preCipitations ont eoregistre des maxima 

durant lesdecennies 1930 et 1950et un minimum durant res annces 1940. La precipitation de 

la saisonde croissance a atteml un maximum pcndantlesannCe$ 1930 mais-autremcnt n'a pas 
beaucoup change. Une reduction des precipitations hivetii"le~ est lacause principalc de [a 
diminution du total annuel dcpuis Ie debul dcs mlllCcS 1950. La variabilite d'une annee a 
I'autre du total annucl des precipitations a augmente dan.~ la ueuxieme moilie de la periode 
d'c tude. Les lendunce.~ it Victori[l ne rcpresentent pas neccssaircmentles aulres regions de la 

Cqlombie Britanuique , 

I . INTRODUCT ION 

The annual means of observed climatic parameters vary rrom year 10 year and 
often show increa~ing or decreasing trends over time. InfomJacion on thel)e 

variations and trends O()t only adds an interesting and important dimension 10 lhe 

climatic description of a region but is also useful in many areas of applied 

climatology. 
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The purpose of this nOle is to describe recent trends and varialions in 
measured precipitation at ViclOria . British Columbia . Precipitation influences 
many important segments oflhe local economy including agriculture, forestry , 
and tourism and year-to-year variations are important in a relatively dry urea such 
as Victoria. Discussion ofVictoria's precipitation trends is not new . Crowe(l963) 
and Powell (1965) presented the trends in annual tolal precipitation at Victoria 
Gonzales He ights through the year 1960. Powell ( 1965) included several other 
British Columbia stations and seasonal precipi tation as well. Thomas ( 1975), 
utilizing 1940- 1974 data , indicated trends fo r regions of Canada including 
southern British Columbia. The study presented here extends the time period to 
1987 and expands the coverage to include maximum one-day precipitation. 

2 . METHODS 

Victoria lics in the rain shadow of the Olympic Mountains and Vancouver Island 
(Kerr. 1951 , and Figure I) and has a relatively low annual total precipitation 

FIGURE I . Station lQ( ation~. 
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TA il LE I . Staliolls and their pn:cipi lJtion regimes ( 1914- 1987). 

Latilude{Notth) 
Longitude (WI!.'iI) 
Elcvution (m) 

Mean annual tOlal precipilatiorl (mm) 
Perct.nlagc falling Novt:rnbcr- I'cbruary 
Percen tage (piling May-Sepl~mber 

Victoria 
Gonzales ~lcighl$ 

41!"25' 
1230 1.9' 

&J 

'55 'I 
16 

49' IS' 
121 " 4(,' 

I' 

I'" 
50 
23 

(Table I) compared with other Slations on the British Columbia coast. The Vicloria 
Gonzales Height .. weather station has a long precipilation record for Canada 's west 
coast ( 19 14-1987) . Although changes in the surroundings of Ihe gauge cannot be 
discounted. the station remai ned at one site for 74 years . Most other west coast 
stations wilh a similar reco rd lenglh have experienced some shin In gauge location 
during this period (Atmospheric Env ironment Service, 198 1). The slalion was 
s iluated on a small hill ncar the shore of lhc Slrait of Juan de. Fuca in the 
southeastern portion of the Victoria metropolilan area. Downlown Viclorja is 
located about 3 km 10 the WNW of the station. Surface winds during most 
precipitation events come from the Strait of Juan de Fuca limiting the effect of 
urban influences on precipitation trends. 

Although the focus of tit is study is Victoria, it is of in Ie rest to compare 
the trends at Victoria with Lhuse of another location, Agassiz, located in the Fraser 
Ri ver Valley about 100 km cast of Vancouver. ha:'! a prccipit:tlion record dating 
back to 1890. Nearby mountains create orog('""..Ipltic·uplift and Agassiz has a higher 
annual lolal precipillitlon than Victoria (Figure I , Table I). Both stations have a 
winter prec ipitation maximum bUI the influence of the sub-tropical high pressure 
cell and the stabilizing effect of nearby ocean surfaces are a greater limitation for 
summer precipitation at Victoria. Therefore, Victoria 's seasonal precipitation 
variation is more pronounced (Table I) . 

Three precipitation parameters are emphasized. Annual total 
precipitation indicates the overolll supply of moisture 10 the area over the year, 
May- Septe mber precipitulion fa ilS during the bulk of the growing season und the 
pcak of tourist ac tivi ty, 'fuller ( 1987) found thai maximum one-d:-ty pl"L"'eipilation 
was a good ind icator of major precipitation events. llu~ ma;( imum one-day 
preCipitation recorded in each year, lhercfore, is used to represent thellmount of 
prccipilalion brought by the mosl inlensc stann oftheycar. 111C preci pitation 
recorded in onc climatological day is used. Although the amount over a 24-hour 
pcriod would be preferable becau!;e heavy precipitation can straddle the lime of 
observation separating tWO ciimalOlogical days. the length of lhe recording niin 
gauge record was too short fo r use in this study. TIle trends ofmaltimum two-day 
precipi tation are the same as those. of Qne-day. ind icating th:lI Ihe. parameter 
presented here should be a representative meaSure, 
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Annual values and unweighled e leven-year moving averages are 
plotted. The eleven-year period is long enough to smooth out very short period 
variations, yet sho rt enough 10 indicate important cycles within the 74~year record , 
It is between the five- and thirty-year moving averages given by Powel l ( 1965) and 
does not repeat his analysis but provides additional information and a gradient in 
smoothing when used in conjunction with his study. 

3. RESULTS 

Annual Total Precipjtation 
Annual total precipitation at Victuria was above thc long-term mean and the 
e leven-year moving average had maxima at three times: I) the late Icens, early 
1920s; 2) lhe 19305; and 3) the late 19405 through the early 1960s (Figure 2). 
Powell ( 1965) shows additional maxima in the Victoria record centered on about 
1895 and 19 10. The movemem of the station in the prc-J914 period comaminates 
the record , however, and some of these early fluctuations could result from 
differing station location (fo r a record and description of carly location changes sec 
Atmospheric Environment Service. 198 1; Victoria Weather Office , 1975) . 

Precipitation was below average during: I) the laic 1920s, and 2) the 
early 194Os. The e leven-year moving average has declined since the peak in the 
early 1950s and year-Io-year fluctuations have increased. 
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AGURE 2. Yearly lalal and clcven-year moving averagcof annulil tOlal precipitation, Victoria 
Gonzales Heights (mm), 19 14-1987. 
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FIGURE 3. Yearly total and eleven-year moving average of May-September precipiI3tK!lJ, Victoria 
Gonzales Heights (mm), 19 14- 1987. 

Growing-Season (May-Seplember) Precipitation 
Victoria's growing-season precipi tat ion displays a grcal deal o ryear+lo-year 
fluctuation but except fo r a maximum centered on 1936 there has been liule change 
in the eleven-year moving average (Figure 3). This is consistent wilh Powe ll 
( 1965) who noted more unifoml trends in sunWler precipitation than in annual or 
odler-season precipitation at several B.C. stations. 

TIle latest position of the e leven-year moving average IS within 0 ,7 
mm of the long-term mean . The recent decline in annual precipitation has not been 
seen in growing-season precipitation . One nflhe driest but also two of the wellest 
growing seasons on record occurred during the 1980s. 

Maximum One-Day Precipitation 
The e leven-year moving avcmgc of maximum one-day precipitation al Victoria 
shows three maxima: 1) the mid· 1930s, 2) Ihe 1 950s, and 3) the late 1970.'1 , early 
1980s (Figure4) . Minimaoccurred in: I) the 1940s , and 2) the 1960s through early 
1970s . 

With the exception of tne lack orthe 19205 maximum. the trends in 
o nc-day precipitation are simi lar to those of annual precipitation until the lute 
19605, After tbis time the moving average of annual precipitation continued 
downward , whereas that of one-day precipitation moved upward to a new peak in 
1980. 

4 . D ISCUSS IO N 

The trend in the e leven-year moving average of annual total prec ipitation at 
Victoria Gonzales Heights has been downward for the laSI 35 years (Figure 2) , 
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FIGURE". Yearly total arld cleven- ycar moving avcn'ge of annual maximum one-day precipitation, 
Vicl()ria Gonl.3.les Heighl~ (mm), 1914-19R7. 

This is nol reflected in growing-season o r maximum onc-day precipitation. 
however. which are both aI or above the long-term mean (Figures 3 and 4). This 
indicates that-the trend in olle precipitation parameter is not always the same as thai 
of ano ther. It also suggests that the recent decline in annual precipil3.lion is mainly 
a result of a decline in wmlcr precipitation from storms of low to moderate 
intensity. This supposition is supported by the trend .. in winter 
(November-February) predpilalion which closely follow those of annual 
precipitation (Figure 5). 

The year-to-year variability of all precipitation parameters is quite 
high . The autocorrelation coefficie nts between precipitation in adjacent years ace: 
annual, + .34; winter, + .25; May-September, - .05 and maximum one-day, 
+ .05. T he growing-season or one-day precipitation received in one year has 
virtually no relation with that recorded the previous year. The autocorrelation 
coefficient of winter precipitation at Victoria, however. is somewhat greater than 
those reported for 20 Californ ia stations (Granger, 1979). 

The year-to-year variation of annual precipitatio n has increased since 
the early 19505 (Figure 2). The one-year lag autocorrelation coefficient for the firs t 
half of the record (19 14-1950) is + .56. That for Ihe second half isonly + .08. The 
probability of a year with annual total precipitation greater or less than the 
lo ng-tenn median being fo llowed by a similarly wet or dry year was. 70 during the 
1914- 1950 period. The probabil ilydeclined to .54 in the second halfofth.e record , 

Allhough a detailed analysis of regional precipitation trends and 
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FIGURE 5 . E1even.year moving avcmge c>fwinu:r(Novcmbcr- Februllry) precipitation, VictOOH 

Gonulcs Heights (mill). 

variability is beyond the scope of this study, it is of sotn{'· interest to compare the 
patterns at Victoria Gonzales Heights wilh those in other areas. Thomas (1975) 
presented Icn-year moving averages of annual total precipitation for various 
regions of Canada utilizing data from 1940 through 1974. Ten- and eleven-year 
moving averages give similar results allowing direct comparison . 

The moving average for Gonzales Heights overthe 1940- 1974 period 
mosl c losely resembles tho.~e of Thomas's two Prairies regions even though 
Gonzales Heights was one orlhe three stations used 10 detcnnine the pattern for his 
Pacific region. 

This similarity docs not extend back to the 19305, however. The 
Prairie provinces (especially Saskalchewan) and the centraJ United States 
experienced drought during the 1930s (Hare and Thomas, 1974). This was a 
relatively wet period in much of British Columbia, however (Crowe, 1963; 
Powell , 1965). In Victoria, the moving averages ofprecipill1tion were well above 
the long-teon means (Figures 2, 3, 4 and 5). The highest annual total precipitation 
o n record at Gonzales Heights (945 mm) OCCUlTed in 1933 , and all annual totals 
were above tbe mean from 1931 through 1937 . 

A more localized and detailed comparison can be made with Aga~siz 
whkh has a record le ngth comparable with that of Gonzales Heights. The e leven
year moving average of annuallOlal precipitation at Agassiz follows the same 
pattern as that of Victoria Gonzales Heights up to Ihe 1950s (Figures 2 and 6). The 
relative magnirudes differ. however. The Aga~siz moving average was lower 
relative to the long -term mean from the late 1920s through the mid- l940s. This 
same difference is seen in growing-season and maximum one-day precipitation 
(Figures 3, 4 and 6). 

lbe year-to-year variability o f annuwlotal precipitation at Agassiz, 
like that al Victoria, has been greater since 1950 (one-year lag autocorrelmion 
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coefficieOls: 19 14- 1950, + .52; 1951 - 1987, - .2 1). Agassiz, however, lacks the 
steady decline in the eleven-year moving average of annual total precipitation 
during the second half of the record. The only pronounced recent change was a 
rapid decline in the eleven-year moving average in the early 1970s. Winter 
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precipitation is now lower than it was in the early 1950s. This decrease has been 
matched , however, by an increase in growing-season precipitation which. 
although it dates from the late 1940s, has been especially rapid since the early 
1970s (Figure 6). Vic(oriaexperienced a decline in winter precipitation equal to 
that at Agassiz but no compensating increase in summer precipitation. 

Victoria International Airport also has experienced a decline in annual 
total precipitation since the early 19505 although of lesser magnitude than that at 
Gonzales Heights. Thus , the decline ill not confined to a single station in the 
Victoria region but its severity does vary throughout the local area. 

Comparisons with both Thomas' (1975) regional patterns and the 
Agassiz data suggest thai the precipitation trends at Victoria are nOi necessarily 
representative of other regions of British Columbia. Regional variation is to be 
expected throughout B.C. because of the complex interaction of the dTecls of 
latitude. local and regional rel ief and surface-type differences on precipitation 
trends. 

SUMMARY 

Annual total and winter precipitation at Victoria have decreased and variability has 
increased in recent years . No decline in growing-season or maximum one-day 
precipitation has occurred, however. A detailed analysis of the causes of the 
fluctuations in Victoria precipitation is beyond the scope oftbis paper. The results. 
bowever, suggest that one· possible contributi ng factor is the freq uency and/or 
duration of winter stonns. Winters witb tbe sub-tropical high pressure cell localed 
well 10 the south of B.C . and a zonal flow in Ihe upper-air westerlies havea steady 
series of mid-latitude cyclonic storms . Persistent upper-air ridges and a northward 
extension of the sub-tropical high pressure cell over the west coast divert storms to 
the north and limit wi nter rainfall (Namias. 1978; Pittock, 1977). More recent 
studies have funherhighlighled the importance of the adjacent air pressure pattern 
and position of the storm truck for winter precipitation o n the westcoasl. Relutions 
with central Nonh Pacific air pressure anomalies and teleconnections with other 
parts of the Pacific huve also been suggested (Cayan and Peterson , 1989; Varnal 
and Diaz, 1986). 

Unfortunately . precipitation observations ceased at Gonzales Heigbts 
in mid- I 988 breaking the continuity of record and hindering analysis of continuing 
precipitation trends al Victoria. 
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ABSfRACT 

Temporal aspects of Winnipeg 's frost-free season are cxamil1ed (Of O°C, - 2.2"C and 

- 4 .4"C thresholds. using [he daily record of minimum tcmperalUres from 187210 1911fl. No 

change was found in the average date oflast spring frost but a statistically ~ignificant 
increase in the average daleoffilbl fall frost is shown to have begun in the decade ~fler 1910, 

producing a correspondingly longer average fro~t-frcc season from 19 11 to 1988. For [he 

QOC threshold, the average first fa ll frru;( has occurred 10 days later after 1910 and the 

frost· fret! season has been 12 days longer. Frequency analysis indicates thai from 1812 to 

J 910 early fall frosts were more common, and the relatively short re!Um period~ of August 

frosl'l make rerercllce~ to such ellccptionally early cvcms in documents from the nineteenth 

century more understandable. 

On ellamine iei les aspects temporaull de 13 periodc sans gel it Winnipeg, ell utllisant les 

seuils de O"C, - 2,2QCet de - 4,4~C et les donnecsdcs temperatures mini malcs quot idiellnes 

de 11S72 a 1988. L 'analyse lie !"Cvcle aucun changcn)cnl de la dale moyennedu demier gel de 

printemps, mo.ls des les !lJ1nCcS" 1910 il Y aeu un ddai SHdistiquemem significatifdeccllcdu 

premier gel d 'automoc . II en rC.~u l tc que la duric moycnlle de la pCriode san.~ gel a augmente 

de 19 11 a 1988; pourleseuil de O"C,le premier gd d'automne est arrivc en moyenne 10 jours 

p lus tardif et la periodc sans gel a eonnu une augmentation de duric d ' une moyennc d.: 12 

jours. l.cs donnees nous montrent que la periodc 11S72~ 19 10 voyait plus frequemment des 

gels au debut de l 'uulomne el memeassc,," souven! des gels du mois d'aou[ . On peUI done 

mieu" comprendre Its rappon.~ de tels cvcnements ca[as[rophiquc.~ (,"Qntenus dans certains 

manuscrits du dix-neuvil!me sicclc. 
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I , INTKQDUCT tON 

Winnipeg 's location near the geogrdphical centre of North America, ils 
unmoderated continental climate . and its relatively long instrumental record (1872 
to the prescnt) make it an important site in western Canada for assessing climate 
change, In a study of frost-free season!; in thirteen cilies across Canada. 
Nkemdirim and Venkatesan (1985a) found Winnipeg to beamong a minority 
group of four ci ties whose mass curves of cumulati ve frost-free season lengfh from 
188 1 to 1970 ploued as a strdight line , and consequently they concluded that 
Winnipeg's average season length has nOi changed since 188 1, This conclusion, 
which was restated in another paper by the same authors (Nkemdirim and 
Venkatesan, 1985b) , is al variance with other ev idence that Winnipeg ha.~ 
experienced a warming in this century, and in fact is not supported by the decadal 
averages for Winnipeg reported in their papers. A mass curve oflheir Winnipeg 
data drawn by this writer (Figure I) indicates a distinct break in the slope of the line 
after 1910, such that the average annual frost-free season length changed from 114 
days in the period 188 1- 19 1 () to 126 days from 1911 to 1970, an increase of 12 
days or 10.5%. The mass curves of eight other cities in Nkemdirim and 
Venkatcsan's 1985a study exhibited increases in slope (indicating increased 
season length) after about 1940. For all eight cilies, the increases were determined 
to be statis tically significant , but only Edmonton had a larger percentage increase 
(23,8%) than Winnipeg's po5(-19 10 increa~e, and the absolute increase of 12 days 
for Winnipeg was exceeded by only three of the e ight c ities. Thus Winn ipeg's 
posl-191O increase was greater in both relative and absolute tenns than Ih"~'! ir !he 
majority of the cities found to have experienced a statistically significallt increase 
after 1940, and Nkemdirim and Venkatesan's assenion that Winnipeg's frost- free 
season length ha.~ not changed from 188 1 10 1970 seems questionable. 
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flGURE I , MIllIS curve of dccadal averuge of frost,free SC"'.tSOn Icnl!.tll tife minimum tcmpcr~lure) 
from data in Nkcmdirim and Venkalcsan (19115a), 
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This paper reexamines Winnipeg's frost season characteristics using 
the record of daily temperature minima from 1872 to 1988, a data sci nearly )0% 
longer than that used by Nkemdirim and Venkatesan . Prost is normally defined by 
Iheoccurrence of minimum temperatures equal toor less than a specific threshold , 
most commonly ifC. - 2.2"C or -4.4°C; each of these will be examined in this 
paper, although emphasis is placed on the O°C minimum threshold used by 
Nkemdirim and Venkalesan. 1 Thus frost is defined here as the occurrence of a 
minimum temperature equal to or less than the stated threshold «()Oe, - 2. 2"C , 
-4.4"C) and the frost-free season is the number of days between the last 
occurrence in the spring and the flf'St occurrence in the fall of minimum 
temperatures equal to or less than the threshold . 

The lhresholdofO"C meandailJ temperQ/ure reponoo hy Nkemdirim and Venk:l!esaII in their 19H5a 
{Xlpef shuuld have reat! ifC",frt;"."". tempt rQ/"'6 (Nkcmdlrim. pelllOnaJ communicacion). 
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FIGURE 2. Masscurvesof 'aSl~prillg rrob1. lll'St fall frost, IlIld frost-frccscason length in Winnipeg, 
1872- 1988 for (a) O"C minimum temperature , (h) - 2.2"C minimum temperalUre, and (e) - 4.4"C 
miuimum \emper~lurc . 
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2 . ANALYS IS 01' INSTRUMElNTAL RECORD fOR WI NN I PEG, 

1872- 1988 

The mass curve is a useful gnlphical means of detecting non-homogeneity in 
climatological and other data. As used in this paper, the mass curve was prepared 
by accumulating the annual values of the variable in question (i. e. length of 
frost-free season) and plotting the cumulative annual total (Yvalue) against the 
year (X value). Homogeneous data yield a straight line through the origin 
(Y = mX), the slope m of which is equaJ to the average annual value of the variable. 
A change in slope which persists for a sufficient time indicates a change in the 
averdge annual value of the variable and the point of intersection of the two 
segments indicates the year in which the change occurred . 

Ma.<;s curves of the last spring frost (LSF), first fall frost (FFF), and 
frost-free season length (FFSL) from 1872 to 1988 for all thresholds are given in 
Figure 2. The original data for all curves were compiled with annual LSF and FFF 
expressed as days after January 1 ( including leap year days) and FFSL as the 
difference, in days. in order to make any change in slope relatively more appareOl 
at publication scaJe, however, the annual values were reduced by a convenient 
constant number of days per year before dr.lfting the curves in Figure 2. This 
treatment did not affect the absolute magnitude of any change which may have 
occurred. For all curves which displayed a change in slope, differences in mean 
values of the original data before and aftcr tbe change were tested for significance 
by one-way analysis of variance. The rc..<;ults of this analysis are summarized in 
Table I . 

For the O°C threshold, the mass curves of FFF and FFSL (Figure 2a) 
show distinct, persistent changes in slope beginning in the decade after 19 10 such 
that average FFF occurred about 10 days later and average FFSL increased by 12 
days (Table I); both differences are significant atp = 0.01. The mass curve for 
LSF shows no persistent change in slope during theentire period and the difference 
in mean date of2 days before and after 1910 is nOI statistically significanl. Thus, 
virtualJy the e nti.re change in FFSL after 1910 was caused by the later occurrence 
of fall frosts. 

The - 2.2Q Cand -4.4°C thresholds show similar patterns (Figures 2b 
and 2c). The mass curves for each indicatedistinct but smaller changes in FFF and 
FFSLafter 19 10 but no change in tbe average date of LSF. Each indicates that later 
average posl- 1910 FFF accounted for vinual ly al.1 oftbe increase in FFSL. 
Although the FFSL difference for the -1.2°C threshold was only 5 days and 
significant o nly alp = O. 10, tbe increase in FFF (5 days) was signif1cant al 
p = 0.05 and both differences are accepted as real. 

Mass curves of decadal mean minimum temperatures arc given in 
Figure 3 for May , June, August, September and October . For al l months except 
June, the mass curves indicate an increase in average minima after 19 10 (or 
approximately 1895 for October). The differe nces between the pre-and po5t-1910 
mean monthly minima are summarized in Table I . The magnitudes of the increases 
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TABLE I Summary ofChl1flges in Winnipeg Frost-Free Season after 1910 

Period II Significance 
!'eriod I Period 11 - Period I ., 
1872- 1910 1911 - 1988 Oirrercnc.: Diffen:ncc 

oce 'I'hrabold 
Last spring frost (mean date) May 27 May 25 - 2 t1ays 
First fall frost (mean dale) Sept. J J Sep!.21 + lOdays .01 
Frosl-free season length (<1Dys) lOS 120 + 12ru.ys .01 

-Z.ZoC TIIftSboki 
Last spring frosl (mean date) May 13 May 13 o days 
Fin;t fall frost (mean date) Scp!.26 tk,. I +5days . ., 
Frost-m:escason length (days) 136 141 +5 days . 10 

-4.4'1: 1'brt:sbo1d 
Last spring frost (mean dare) May 4 May3 - I day 
First fall frost (mean date) Oct. 7 Oct. 15 +!lday~ .01 
Frost-free 5elbOlllength (days) 156 10> +9 days .01 

Mean Minimum Temperature ("C) M., 3.1 4.7 + 1.0· .OS 
J,~ 10.0 10.4 -to.4-
August 10.5 12.0 +1 .5~ .01 
September '.3 0.6 ... 1.3" .01 
October -1.0 +0.7 + I. 7· .01 
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FIGURE 3. Mass curves of mean minimum rcmpelllum: in Winnipeg. 1872- 1988, for May, Ju~ , 

August , September , and (klOber. 
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TABLE 2 Comparison oflfC First Fall Frost Dales al Selectul Freqllencies Adore .nd Aller 19 10 

Return Period (yean) 
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Figure 4, this paper. 

1872_ 1910' 

August 13 
August 16 
AugusI20 
August 26 
September 2 
Scptcmber6 
Scptember 11 

Current frost flOllTIals (Environment Canada, 1982), 

1911 _ 19811' 

Augusl29 
September I 
Sepll'111bcr4 
Septcmbcr9 
September 14 
Septcmber 16 
$(:ptcmber 21 

w.F. Rannie I Change in Frosl Season Characteristics in Winnipeg 

1951-1980' 
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were greatest in the late-summer and fall months. Both the mass curves and 
s tatisticaJ tests indicate no significant change in average June minima and the 
increase in average May minima was apparently insufficient to sign ificantly 
advance the average date of las t spring frost at any thresho ld . 

Frequency curves for LSF, FFF and FFSL atlhe O°C threshold are 
g iven in Figure 4 fo r the pre- and posl- 19 10 periods; all data are normally 
d istributed . As would be expected from the mass curve analysis, the LSF daUl 
fo llow a s ingle d istribution from 1872 to 1988 but major diffe rences ex.ist between 
the pre- and posl- 191 0 freq uency curves of FFF and FFSL. For a given frequency, 
FFF dales were earlier prior to 19 10andlhe FFSL wassho lteror, s tated in re ... erse, 
relatively early FFF and short FFSLoccurred more frequen tly prior to 1910. A 
comparison of FFF dates at selected return periods derived from the frequency 
curves in Fig ure 4 and from published current ( 195 1- 1980) fro st no rmals for 
Winnipeg is given in Table 2. 

3 . DISCUSS IO N 

This analysis directly contradicts Nkemdirim and Venkatesan's conclusion that 
Winnipeg has experienced no statis tically significant trend in frost-free season 
length. The discrepancy arises from the fact that Nkemdirim and Venkatesan's 
mass curve for Winnipeg did not depict the change in slope after 1910, and 
consequently they o nly tested for a differe nce in llverage FFSL after 1940, the year 
when the majority of stat ions in their sample exhibited a change in mass curve 
slope. 

T he increases in the slopes of the mass curves after 19 10do not appear 
(Q be related to relocation of the Winnipeg station . Since the beginning of records 
in 1871. the station has been in four locations (Environment Canada. 1975): ncar 
whal is now the centre of downtown Winnipeg (187 1- 1875). at St. John'sCollege 
about 3 km to the nOr1h ( 1875- 1932), at the Manitoba Agricultural College (now 
Univers ity of Manitoba) 8 km to the south (1932- 1938), and atlhe Winnipeg 
Airpor1 7 kIn to the west ( 193M-present) The changes in FFF and temperature 
minima began within the period o f stable IOCOllion at 51. John 's College and the 
average slopes of the mass curves are consistent from the firSl decade of the change 
through the relocations in 1932 and 1938 to the present. 

The effects of urbanization as a possible eause of the ehange are morc 
difficult to assess. The change in FFF dates and temperature minima began during 
a period o f c)(.ceptional urban growth in Winnipeg which saw its population 
increase from c. 44 000 in 1901 , to 144 000 in 191 1,229 000 in 192 1, and 
295 000 in 193 1. Much of lh.is expansion occurred toward and beyond the St. 
l ohn 's College site, and the coincidence in the timing of the apparent climatic 
change and the growth in population might suggeslthal the change was primarily 
an " urban effect ." Detailed examination Oflhi s question is beyond the scope of 
Ihis paper but the absence of significant changes in spring frosl dalcs is d ifficult to 
account for under an urban e ffec t hypothesis. The re local io n.~ 10 the Manitoba 
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Agricultural College in 1932 and to the airport in 1938, both of which were 
essentially non-urban in chll!acler for seveml decades after, should have removed 
the urban influence. and caused a shift in FFF back toward the earlier pre-urban 
dates. While FFF dates after these changes were :oomewhat earlier than during the 
period 1911 - 1930, the average dates at the acc threshold after the airport 
relocation were still 12 days later than those prior to J 900 before the major period 
of urban expansion occurred. 

In a survey of climatic change on the Prairies, Longley (1977) noted a 
general tendency for increased summer minimum temperatures and longer frost
free seasons during this century. Curves of JO-year running means o f average 
growing season (May- September) temperatures presented by Longley show that . 
the variations at Winnipeg have been very similar to those of other stations in 
Manitoba and Saskatchewan; the similarity to the patterns al Morden, Russell and 
lndian Head is particularly notewo rthy since these stat ions are doscst (0 Winnipeg 
and none has experienced signiiicant urbanization . For most of Ihe stations in 
Longley 's stud)', JO·year mean growing season temperatures were lowest near the 
beginning of record in the to-year period ending just before or after 19 \0 and have 
tluctuated upward since. Nkemdirim and Venkatesan 's data also provide evidence 
that other cities in western Canada experienced relatively shorter frost-free seasons 
prior to 1910. Although the major change in season length in Calgary and 
Edmonton occurred after 1930, the dccadal averages reported for Calgary between 
1881 and 1910 were the shortest in the entire period of record and Edmonton 
experienced very short average seasons in the decades 1881-1890 and 
J9C)I - J9\O. Data for Saskatoon are reported by Nkemdirim and Venkatesan only 
from 1901 onward bot the average FFSL from 1901 to 1910 was 17 days shorter 
than the 191 1- 1970 average . 

IndependeD! phenological evidence in favour of a cl imatic change 
hypothesis is provided by the discontinuity in freezeup/breakup dates offhe Red 
River III WinOlpeg (Rannie, 1983). On average, the river has frozen 12 days later 
and cleared of ice 10 days earlier in the twentieth than in the nineteenth century , 
resul ting in an average ice-free season which has been about three weeks longer. 
The breakup and freezcup dates suggest that March- April and October
November mean lemperature:o have been about 2.5°C wanner in the twentieth 
century. Rannieconcluded 

While the period 1861-1 880 appears 10 havc been panicuJarly severe, breakup 

and frcezcup data provide no indication ur significantly milder temperatures , 

averaged over a period of a decade or more. during the.cntire century. The 
changc in the failltntl spring climllte lit Winnipeg appears to have occurred 
relatively rapidly in the last years of the 19th CenlUry and become most 

pronounced by the 1920·s. (Rwmie. 1983. p. 295) 

While the earlier ice clearing date is not relected in average last spring frosts 
(perhaps because ice clearing is more related to maximum temperatures and river 
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_ discharge), the later freezcup date is a direct funct ion of mini mum temperature.~ 

and is consistent with the sense of change implied by the fall frost and mean 
minimum temperatures described above. 

Documents from the nineteenth century contai n numerous refe rences 
to frosts in Aug ust which are d ifficult to reconcile with climatic normals 
established from twentie th century data but which are not unusual when viewed in 
the COnlext of pre· 19 10 frost cond itions. Reverend W illiam Cochran, an Angl.ican 
cle rgym an and agriculluralis l in the Red River Seltlemenl, repon ed Ihllt on August 
19, 1832, 

This morning the air was eJ\ccssively cold, a th ick hoar frost covered the 
ground and Ihestagnant waters oflhe swaml1S were fro7.cn . .. The POl&toe lOpS 
arc blasted. (Cochran , 1832.) 

In 1836, again on August 19, Reverend David Jones observed 

we were visited by a most destructive frost which destroyed the reward of lhe 
fMuer ... in wheal; il was truly ailoomy morning the whole of the vegetable 
world droo~d and blackened as the sun grew warm, and Uhe) air was filled 
with a most unplea.~ant odour . .. All garden seeds have been destroyed. 
(Jones, 1836.) 

Although the m inimum temperatures during these events arc unknown, the 
references to hoar frost , froze n swamps and destruction of vegetation suggest that 
the O°C thresho ld , a t least, was reached. From the 191 1- 1988 freq uency curve 
(Figure 4), a O°C frost o n August 19 would have a scarcely-credible return period 
in excess of 1000 years whereas the 1872- 191 D frequency curve indicates a retum 
period of only about 30 years. M any othcr fros ts were reported later in Augus t in 
the nineteenth century. For eJtam ple , on August 24, 1863 , Dr. W. Cowan wrote in 
his d iary " . . . frost last night ground white Ihis morning" and on AugusI27. 1853. 
he o bserved "Frost during night. rime seen .. . " (Cowan, 187 1) . If these events 
represented O"C froslS, the ir re turn periods would have been 500 and 200 years 
respectively based on the 19 11- 1988 frequency curve but only 13 and 9 years 
based on the 1872- 19 10 curvc. T hus, recognition that lhe distribution of first fall 
frost dales was differe nt prior 10 19 10 makes nineteenth century references to 
August frosts more comprehensible , and , converscly , the numbcr o f such 
references lends suppan to the contention that a change in fall frost regimc has 
occurred. 

4 . COI"CLU StOI"S 

Mass curves of fm; t fall frost occurrence for O.DoC, - 2.2°C, and -4.4°C 
thresholds in Winnipeg indicate Ihat lhe average date of first fall frost from 
19 11- 1988 was s ignificantly later than from 1872- 1910. At the O.O°C threshold, 
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the 1911- 1988 average first fall frost was]O days later than in the 1872- 19 10 
period; in contrast, no statistically significam change has occurred in the average 
date of last spring frost during the entire 1872- 1988 period of record. The later 
average fITS! fall frosts after 1910 caused the frost· free season to lengthen 
correspondingly. Frequency curves ofO°C [irst fall frost for thc periods before and 
after 1910 indicate that, prior to 1910, relatively early fall frosts occurred more 
frequent ly (i.~. had shorter return periods) and, thus, that the dale of a frost with a 
specific return period was earlier. The change.~ in fall frost dates and consequently 
of frost· free season length do not appear to be re lated to changes in slat ion 
location, and while urban expansion may have had some effeci , the results a re in 
gener'oll agreement with other evidence fora ciimaticchangeon Iheeaslem Prairies 
around the [urn of the eemury. 
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News and Comments 
Nouvelles et commentaires 

1990 CANADA / UNITED STATES SYMPOSIUM ON THE IMPACT S 
OF CLIMATIC CHANG E AND VARIABILITY ON THE GR EAT 
PLAINS , CALGAR Y, ALBERTA , September 11 - J3 , 1990 . 
Report by E. Wheaton, Sasiwtchewan Research Council and 
R. Lawford, National Hydrology Research Centre, Sasiwtoon 

The Great Plains region , including the three Canadian prairie provinces, is 
vulnerable to climatic variability and change. A symposium sponsored primarily 
by the Canadian Climate Centre, the Inland Waters Directorate and the National 
Climate Program Office of the U.S . National Oceanic and Atmospheric 
Administration was convened in Calgary to consider this issue . This symposium 
examined this sensitivity through plenary sessions and six working group sessions . 
The working group sessions were on agriCUlture, water resources , forestry , 
wetlands, wildlife, energy , recreation and rangelands . Plenary papers dealt with 
climatic variability and change, global climate models , climate change scenarios, 
impacts of climate variability, demographic responses to past climates, and 
response strategies. The working groups were tasked with indicating the state of 
knowledge, gaps in understanding and providing recommendations and research 
initiatives. The results of the working groups were presented, summarized and 
briefly discussed during the final day . Aspects and challenges unique to the Great 
Plains region were emphasized . This symposium will provide the basis for further 
integration of work on the impacts of climatic change and variability on the Great 
Plains. The proceedings will be available early in 1991 . Another United States/ 
Canada Symposium on the Implications of Climatic Change and Variability for 
Pacific North West Forest Management will be held in Seattle in 1991 . The 
cottference statement follows. 
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CONFERENCE STATEMENT 
Climatic Change Unites U .S./Canadian Plains 

The impact of climate change in the Great Plains of North America was the theme 
of a recent symposium organized by Canadian and U.S. scientists . Impacts of 
Climatic Change and Variability on the Great Plains was held September 11 - 13, 
1990, at the Westin Hotel in Calgary, Alberta, Canada. 

More than 120 scientists, decision makers, and planners came to 
exchange infonnation on potential impacts and management issues relevant to the 
resources of the region. Representatives from agricultural, water resources, 
forestry, rangeland, wetland, wildlife, energy and recreational agencies and 
groups addressed the vulnerability of resources in the region. They drew attention 
to the unique character of the Great Plains and the sensitivity of the region to 
climatic variation. Conference participants endorsed the development of a joint 
U .S./Canadian proposal for a combined effort to use climate information to 
strengthen the management of resources and to improve the effectiveness of social 
and economic structures of the Great Plains. 

The symposium was designed to infonn decision makers and 
managers of the latest climate research findings and to identi fy areas that would be 
most affected by future climatic variations, such as climate change due to 
increasing concentrations of greenhouse gases in the atmosphere. Specific 
recommendations to improve climatic research activities on the Great Plains 
included development of compatible resource data bases and improved monitoring 
of various resources; studies of soils, plants and water; enhancement and 
integration of computer tools from various resource areas; and increased emphasis 
on translating research fmdings to policy and everyday activities. 

The symposium was sponsored by the Canadian Climate Centre and 
the Inland Waters Directorate (both of Environment Canada), the U.S. National 
Climate Program Office (National Oceanic and Atmospheric Administration), and 
the High Plains Climate Center (University of Nebraska). 
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CENTRE FOR CLIMATIC AND GLOBAL CHANGE RESEARCH 

The Centre for Climate and Global Change Research, established in March 1990, 
at McGill University in Montreal is an outgrowth of the Climate Research Group 
(CRG), which was established in 1987 in cooperation with the Natural Sciences 
and Engineering Research Council and the Atmospheric Environment Service of 
Environment Canada. A major grant was awarded by these agencies to support the 
climate group at McGill, including two new faculty positions in the Department of 
Meteorology as Industrial Research Chairs in Climate Research . 

The activities of the Centre have expanded from the original CRG 
focus of atmosphere-ocean climate modelling and data analysis to include studies 
pertinent to the recently established International Geosphere-Biosphere Program: 
A Study of Global Change (IGBP). 

The two main objectives of the Centre are: 

1. To promote research on the interactive physical , biological , chemical 
and socioeconomic processess that regulate our global environment, 
including the climate. 

2. To provide a stimulating academic environment for graduate students 
and postdoctoral fellows in the emerging transdisciplinary field of 
" earth system science" and on the impacts of climate and global 
change on the environment and the economy. 

To achieve these objectives, thirteen faculty members from the 
Departments of Meteorology, Geography, Renewable Resources and Economics 
have been brqught together in the Centre's fortnation (March 1990) . The research 
strengths of the Centre members are wide ranging and include: atmospheric and 
oceanic circulation; air-sea, air-land, and air-icc-sea interactions; climate cycles; 
cloud effects on climate; boundary layer meteorology; remote sensing; urban 
climatology; pertnafrost, soils and their relation to the environment; hydrology, 
biophysical interactions in the oceans , marine ecosystems, and fish-climate 
interactions; polynyas and sea-ice; and economic processes and climate change . 

To tackle the fundamental problems of climate and global change in a 
focussed manner, the Centre faculty members have been grouped together into 
four tearns as follows: 

• Global climate modelling 
• Biogeochemical and hydrological cycles 
• Small scale and surface processes and their parameterization 
• Impacts of climate and global change . 

Associated with the Centre faculty are 38 graduate students (17 Ph .D., 21 M.Sc .) 
and 4 postdoctoral fellows. 

Other activities of the Centre include the publication of a quarterly 
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Newsletter and a technical report series, and the sponsorship of Colloquium Series 
on climate and global change. The latter is designed to (i) bring in internationally 
renowned researchers to speak and interact with the graduate students and 
(ii) provide an opportunity for the Centre members to give overview seminars on 
their research work . 

Gradaute student members of the Centre are registered in one of the 
four departments listed above . Potential new students are encouraged to contact 
the departmental chairpersons to obtain details about the graduate programs. 

Dr. L. A. Mysak, Director 
Centre for Climate and Global Change Research 
McGill University 
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CLIMATOLOGY IN THE U.S. FOREST SERVICE 

Some readers of Climatological Bulletin will be well aware of the diverse activities 
of the U.S. Department of Agriculture Forest Service Experiment Stations in terms 
of research in weather and climate and climate impacts. Others may not be . The 
purpose of this brief comment is to draw attention to the variety of climate-related 
work that is conducted at these Stations. Mentions of only a few projects and 
publications are possible here but they will serve as a useful introduction for 
readers who are not familiar with this source. 

The nine Stations are distributed on a regional basis. The Southeastern 
Experiment Station, for example, covers Virginia and South Carolina, Georgia 
and Florida and is headquattered in Asheville, North Carolina. Each station 
publishes series of Research Notes, Research Papers and General Technical 
Reports, and puts out quatterly a list of publications. The various series cover a 
vast range of topics relevant to forest and range managemen!. 

Climate-related research reported includes forest microclimate, wind 
modelling over mountainous terrain, forest-fire meteorology, climate change, 
acid deposition, instrumentation, droughts, flood and storm events, and a host of 
other areas. A few examples of recent publications are listed below by title and 
source to indicate this diversity: 

Verifying Eddy Correlation Measurements of Dry Deposition: A Study of the 
Energy Balance Components of the Pawnee Grasslands. Research Paper RM-288, 
Rocky Mountain Station, Fort Collins, Colorado, February 1990, 14 pp. 

Critical Temperature: A Quantitative Method of Assessing Cold Tolerance. 
General Technical Report NE-134, Northeastern Station, Broomall, Penna., 
December 1989, 6 pp. 

Firefamily 1988. General Technical Report NC-138, North Central Station, 
S!. Paul, Minnesota, March 1990,35 pp. 

Estimating LAke Susceptibility to Acidification due to Acid Deposition. Research 
Paper NC-289, North Central Station, S!. Paul , Minnesota, February 1990,25 pp. 

Sulfur Accumulation and Atmospherically Deposited Sulfate in the LAke States. 
Research Paper NC-29O, North Central Station, SI. Paul, Minnesota, December 
1989,7 pp. 

Climate Change and America's Forests. General Technical Report RM-187, 
Rocky Mountain Station, Fort Collins, Colorado, February 1990, 12 pp. 

MTCUM: A Mountain Microclimate Simulation Model. Research Paper !NT -414, 
Intermountain Station, Ogden, Utah, November 1989, 52 pp. 

Variation in Damagefrom Growing-Season Frosts Among Open-Pollinated 
Families of Red Alder. Research Note PNW-RN-464, Pacific Northwest Station, 
Portland, Oregon, July 1987, 8pp. 
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//Iustrating Harvest Effects on Site Microclimate in a High-Elevation Forest 
Stand. Research Note PNW-RN-466, Pacific Northwest Station, Portland , 
Oregon, August 1987, IO pp. 

Readers should be able to obtain addresses of the publication
dissemination centres for the various Stations from their local libraries. [n most 
cases the publications are made available free of charge upon request, and the 
Station will put you on its mailing list for its publication announcements. 

Alec Paul 
Urtiversity of Regina 

CLIMATE/AGRICULTURE SYMPOSIUM 

A Symposium/Workshop focussing on: "Changing Climate in Relation to 
Sustainable Agriculture" will be held on 29- 30 July 1991 althe University of New 
Brunswick, Fredericton, N.B. For further information, please contact the 
Symposium Chairman, Peter Dzikowski, in Edmonton: 

Phone (403)422-4385 
Fax (403) 422-D474 
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