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Foreword / Avant-Propos 

This issue is mostly about agroclimaoology but includes reactions from Stewart 
Cohen and David Elkin to the paper by Stuart and Judge on GeMs and the 
Mackenzie Valley in the December 1991 issue. It also contains a summary of 
climatic highlights in Canada in 1991 which we expect will become an annual 
feature. Our thanks to Bruce Findlay and Aaron Gergye of the Canadian Climate 
Centre. Thanks also 10 Richard Leduc who has agreed to become book review 
edilOr for the Bulletin . 

La plupart de ce omro conceme I'agroclimatologie mais il comprend aussi des 
commentaires de Stewart Cohen et David Etkin sur I'article de Stuart et Judge 
concernant des mooeles de circulation globale ella vallee du Mackenzie dans Ie 
numero de decemhre J 991. II cootien! egalemem un sommaire du temps 
significatif au Canada en 1991 . Nous attendons 11 ce que ce sommaire annuel soil 
conbibue regulie.-ement. Nos remerciements a Bruce Findlay et a Aaron Gergye 
du Centre Canadian do Climal . Remerciemenls aossi a Richard Leduc qui acceplc 
d'ette redacleot de comples-rendus de lecture dans Ie Bulletin. 

Alec Poul 
Editor/Ridacteuren chef 
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Soil Erodibility and the Frequency of 
Freeze-Thaw Cycles, Rainfall and 
Snowmelt on Frozen Soil in Canada 
H.N. Hayhoe, 
D.R. Coole 
and 
R.G. Pelleliu 
Agriculture Canada, Research Branch 
Centre for Land and Biological Resources Research 
Ottawa KIA 0C6 
[Original manuscript received 31 January 1992; 
in revised form 14 March 1992J 

Soil freeze-thaw cycles and rainfall and snowmelt on soils frozen beneath the surface are 

events thai have been found to increase soil erosion potential. In this study. measurements of 

soil Icmpef<lture. snow on the ground and precipitation from 58 cl.imatological stations 

across Canada are used to quantify the risk of heeze.-lhaw cycles and of occum:nce of water 

erosion. The gamma distribution is used to model the cumulative frequency and toquantify 

risk.. The resu ltsarc used 10 generalemaps that show the regional variations. 'The Prairies had 

the highest freqilc:ncy of freeze-thaw cycles but the lowest risk of rainfall or snowmelt on soil 
frozen beneath the surface. Areas in Eastern Canada had frequent freeu-thaw cycles 

combined with 3 high ri sk afmated watercrosion . Areasof BritishColumbia had the lowest 

frequency of freeze-thaw cycles, and had a modest risk of rainfall on frozen soil. 

On a dCmonire que les cycles de gel el de digel, la pluie ella fonle de~ ne.iges surdes sols 

geles SOlIS Ie surface avaient poureffet d'accro;tre Ie potcntiel d'erosion du sol. Dans cette 

etude, les donnees sur la temper.Jture du sol, I'epaisseurde la couche de neige et les 

precipitations, mesuree~ dan~ 58 stations mi:tiorologiques riparties sur k territoiTe 

canadien , ont servi it quantifier les risques des cycles de gel et de <legel er it estimer les 

possibiJiles d 'crosion causee par reau. On a compare la frequcnce cumuilltivea II courbe 

gamma el quantifie ces risques. Les resullats obtcnus nODS onl permis de COn5tnllre des 

cartes de Variations regionales. On a observe que les Prairies possidaient II tiiquence II plus 

elevCe des cycles de gel et dedC:gel, mats Ie plus ba!! taux de risque de precipifation el de 

fonte de neige sur des sols gel~ sous la surface . De frequents cycles de gel et de dC:gel 

combines a un risque cleved'erosion causi:e pat l'eau onlete relevcs dans rEst du Canada. 

Par contre, en Colombie-Britannique, on a note Ie plus bas taux de cycles de gel e t de dCgel et 

un risque mooere de pluie sur des !lOIs geles. 
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I. INTRODUCT ION 

Soil erosion is affeclcd by many fac tors, including soil croclibilily, Ihe inlensily 
and amount of rainfall, thc speed and dirccl ion of wind , landscape lopography , 
and soil surface cover. Most of Ihesc factors vary seasonally. Soi l erodihility. as 
defined far use in the Universal Soil Loss Equation (USLE) is inlluem:ed primarily 
by soil texture , structure , organic carbon content , and the prcsencl! of coarse 
fragmenlS (Wischmeie.r and Smi lh, 1978). Attempts to account for seasonal 
varialion of soil erodibility when eSlimaling soil erosion risk have been made only 
recently. A seasonal erod ibility adjustment forthe USLE was fir:.t esti mated from 
mean monthly te.mperature (Mutchler and Caner, 1983). Unpubl ished work is 
currenuy focussing on the length o( thc frost-free period as a detenn inant of 
seasonal soil erodibility variation for usc on the Revised USLF. (persona! 
communication, K . Renard , United States Department of Agricu lture). 

Agricultural land in Canada is almost all subjeci to freeze-t haw every 
year. Frozen soil is associated with increased runoff and erosion (Zuzel and Pikul. 
1990; Chanasykand Woytowich, 1986). Frcc7..e-thaw cycles may adversely affect 
soil structure and increasecrodihil ity in early spring (Edwards and Burney, 1987; 
Wall etal., 1988). Aggrcgatestability tcnds to decrease with an increasin~ number 
of freeze-thaw cycles (LehtSCh et 01., 1990) and erod ibility by wind consequently 
increases (Hilliard and Rostad, 1990). Soil frozen just below the surface can lead 
to saturated surface soil with a low shear slrength that leaves il vulnerable to water 
erosion (Edwards and Burney, 1989; Coote et tl/. , 1988). Therefore rainfal l 
frequency and amount as well as snowmelt during these conditions are important 
factors for assessing potential erosion. 

Several studies which recogn ize the importance of the frequency and 
durAtion of soil freezing and thawing have been carried oul. Hershfield ( 1974) 
used data from 1300 climate summaries in the United States (0 construct a map 
showing the annual frequency of air temperature freeze-t haw cycles. Dale et al. 
( 198 1) used published daily soil tempe.ralUre data for selected depths to compule 
the number of freeze- thaw cycles for three locations in Indiana. Zuzel et a!' ( 1986) 
used a soil frost simulation model to study Ihe temporal characteristics of frozen 
soil in nonh-central Oregon. Hayhoe et ai. ( /99 1) used climatological records of 
soil temperature and rainfall at seven selectcd sites across Canada to estimate the 
risk of some factors Ihat are known tocomribute 10 soi l erosion events. These 
include the frequency of freeze· thaw cycles at se lected depths, and rainfall 
frequency and amounts on fro:ren soil with no snow cover. The gamma distribulion 
was successfully applied to f'il lhe cumulative frequency and estimate the risk in 
terms ofihe number of freeze-thaw cycles per year (Zuzci el aI., 1986). In this 
study we have extended the analysis 10 includedata from 58 clim3tological stalion)l 
across Canada and to inc lude estimates uf snowmelt runoff, They are lIsed tl) 
generate risk maps for the frequency of freeze-thaw cyetes. ra infall and snowmelt 
on soil frozen beneath the surface. 
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2. METHODS 

Daw were acquired for 58 climatological stations from the Atmospheric 
Environment Service for locations indicated on the map in Figure I. The number 
of yean; of record analyzed for the climatological stations averaged 20 years; 80 
per eenl oflhe stations had 15 years or more. Dai ly data inc luded maximum and 
minimum air temperatures, rainfall and lolal precipitation amounts. the presence 
of snow on the ground, and soil temperatures at depths of 5. 10.20,50, 100, and 
150 cm. At the 5, 10 and 20 em depths. soil temperatures were available for both 
the morning and the a!'lemoon. Stations are generally located on level ground . 
Thennistors are used as the sensing elemcnt for ~it tcmperature. In the summer, 
the surface is lawn grass maintained at 5-8 cm length. and in wimer the snow is 
allowed to accumulate throughout the season. 

A computer program used for counling events applied simple 
algoriduns to estimate missing data. If the depth ofsnQw on the ground was 
missing, il was estimated from snowfall and snowmelt using the model devc1opct.l 
by McKay ( 1964). Since the actual snow depth was not as imponant as its presence 
or absence, this approach pmve~ satisfactory. For the case where there was snow 
on the ground , if either the morning (8:00 h) or aftl.':moon (16;{)() h) liDil 
temperature measurement was missing. the missing value waS replaced with the 
available value. If there was no snow and either the morning or affemoon soil 
temperature meas uremelll was missing, then the missi ng value was si milarly 
replaced with (he available measuremelll provided if excecded loe and the 
minimum air temperJ.ture exceeded O"c. For each par'dmeter. mi.~.~ing data for 
eacb winter season not approximated by these algorithms. were counted . The 
winter season was defined as the pcricxl during which freezc-thaw cycles occur. If 
the count in any winter season txceeded three. the data for that category were not 
used in any calculations. 

Freeze-thaw cycles were tabulated from the soil temperature data. 
Following the assumption used by Dale et al. ( 1981) , a soiltcmperarure greatcr 
than O°C was considered a thaw and less than or equal to O"C was considered a 
freeze. Each winter lieason began with thawed soil . Each time the soi l temperature 
osci llated from thawed to froze n, one cycle was counted . Since soittempcratures 
a15, 10 and 20 em were available for both morning and afternoon. any daily 
freeze-thaw cycles that occurred were recorded. 

The frequency and amnunt of rainfall on stlil frozen at the 5 em depth 
or below, that lacked snuw cover, were calculatcd fo r three different depths (5, 10 
and 20cm) using the algorithm shown in Figure2 . Daily snowmelt wasca1culated 
using the model deve loped by McKay t 1964) and used in the Versatile soi l 
moisture budgel (Baicret al .• 1979). ihe freque ncy and amount of snowmeh on 
soi l frozen at the 5 em depth or below were also calculated . The cri teria were 
designed to detcet the presence of an impermeable frozen layer within the top 20 
cm of soil . The fi rst criterion concerned minfall or snowmelt on soil frozen at 5 em , 
Ihat remained frozen fo llowing the event (i .e. the. rainfall or snowmelt did not thaw 
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FIGURE.2 Aowchart ofthc algorithm used !O count the frequency of rain un soil frozen at the j em 
depth or below. 

the fros t layer). Ir the 5 em depth did 001 mccllhc criterion then the 10 em depth 
was checked . lfthis was not frozen then the 20 em deplh was checked . The second 
a nd third criteria led to calculation o f the frequency of rainfall or snowme lt on soi l 
with neares t~to-surface frozen layer al 10 em and 20 em respective ly. 

These data pmvidc an indication or lhe variability in fhe numbcrof 
f reeze-thaw cycles llnd in the occurrence and amoun! of rain fili i or snowmelt on 
soil froze n beneath the surface. To quantify the risk, the gamma distribUl ion 
(Beyer , 1969) was used as described by Hayhoe et (I/. ( 199 1). Zuzc1l't al. ( 1986) 
successfull y used this probability distribution tomodclthe numbcrorfreeze-thaw 
cycles in Oregon. It was used to calculate the frequency of freeze-thaw cycles as 
we ll as the amount of rai n and snowmelt that would be expectcd to occur at least 
once in fivc years o r at the 20 percenl risk level. Isoline maps of Canada showing 
the spatial distribution of the mean and of the 20% risk level for freeze· thaw 
cycles, and ruin and snowmel t on soils with froze n layers were produced using a 
computer software package (Surfer, 1990). 

3 . It ESULTS ANO OI SCU SS IO l'l 

The results show a clear indication of the regional di fference in winlercondilions 
thai lead to increased soil erod ibil ity. This i ~cspcc ial l y true foragricuhurnl areas . 
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FIGURE 3. Averolgc annual number of frci:ze..thaw cycles at S ern soil depth. 

Northern areas in British Columbia , Ontario and Quebec have very few 
climatological stations that monitor soil temperature and therefore have poor 
spatial resolution. 

Figures 3 and 4 show the distribution of average annulIl and 20% risk 
of freeze-thaw cycles in Canada. Heavier sh3ding indicates areas with higher 
frequency or risk. All rcgiom of Canada are at risk of freeze-thaw cycles at the 5 
em depth. The lowest risk occurs in the south-west regionofBrilish Columbia. At 
Vancouver, which exhibited the lowest frequency, frce~dng docs not occur every 
yearat5 em. The data show an average of 0.4 freeze- thaw cycles with at least J.5 
occurring once in 5 years. The Prairie region showed the most frequen t freeze­
thaw cycles as indicated by the dark grey and black areas in Figures 3 and 4. The 
highest value occurred at Swifl Current with an average of 17. 1 freeze-thaw cycles 
per year followed by Lacombe with 16.3, Vauxhall with 14.8, Morden wi th 14.4 
and Kindersley with 14.3. 

Repealed freeze-thaw cycles break down soil aggregates and this can 
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AGURE 4 , Annual freeze-thaw cycle frequency al 20% probabi liry level 815 em goil depth . 

result in more particles of the size range morc susceptible w wi nd erosion, as noted 
by Wheaton ( 1984). Figure 4 indicates that all areas of Canada except south­
western British Columbia are at risk of having at least 6 freeze-thaw cycles at the 
20 percent probability level. 

Figures 5 and 6 illustrate the regional risks of rai n on soil which has 
frozeD layers with no snow cover. The Prairies and Northem Canada have the 
lowest risk . The lowest mean f'.Iinfal\ 011 s(lil frozen beneath the surface was 
0. 2 mm at Lethbridge. The map of rainfall shows an increasi ng risk east of the 
Prairies with the highest levels occurring in southern Omario and the Atlantic 
provinces. At Simcoe the mean rainfall on soil with frozen layers was 59.2 mm , 
and 100.7 mm allhe20 percent probability level. These values are similarlo those 
reported fo r Harrow (Hayhoc ef at. , 199 1) and 10 values observed at Guel ph . The 
highest mean rainfaU on soil frozen beneath the surace was at Truro with a value of 
67.4 mm , while the highest annual rainfall undcrthcsccond itions atlhe 20 percent 
risk leve l was 155.6 mm at 51. John's West. 

H.N. Hayhoe, D.R. Coote and R.G. Pelletier I Freeze-ThawCyckl 9 



Mean Annual Rainfall 00 Frozen Soil 

mmralnlall 

NoIe; Contour Ii""" we drawn 31 6mm (rainfall) irllerva" 

FIGURE S. Average IUlnual amounl of rainfall on sui) frozen .lIthe 5~20 em Ikplh , 

To understand benerthe differences in the events associated with 
winter erosion risk, we used a seeded cluster analysis with rainfall per year at the 
20 percent risk level o n soi l which has frozen layers with no snow cover and Ihe 
frequency of freeze-thaw cycles per year at Ihe 20 percent risk level (STSC, 1987). 
The results are illustrated in Figure 7. The cluster of stations with conditions most 
likely to be assoc iated with severe wintercrosion events included Fredericton (F), 
S1. John's West and Truro , It had the greatest amount of rain falling on soil fro1.en 
beneath the surface and a moderate numberof freeze-thaw cycles. II is represented 
by thecluster of F's in Figure 7 . The cluster with the next highest amount of rain o n 
soil frozen beneath the surface was denoted by S's in Figure 7. It included 
Buctouche, Charlottetown, Harrow , Hoytblissvillc , Kentvillc, Simcoe (5). and 
Sle Anne de Bellevue . The remain ing four clusters were characterized by 
increasing frequency offrcczc-thaw cycles bUi lower amounts of rain fal ling on 
soil with a frozen layer beneath the surfacc . Three of these cluslers wen:: [hose 
associated wilh Vancouver (V), Winnipeg (W) and Ottawa (0), representing 

10 C limatological Bu1letin I Bulletin c1iOlatologique 26(1). 1992 
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AGURE 6. Annual mean rainfall al20% probability on soil fmun al the .'i ~20 tm dqIth. 

increasing freque ncy of frceze-thawcycles, The cluster with the highest numberof 
freeze-thaw cycles wa~ denoted by L's and included Estevan , Indian Head, 
Lacombe (L) , Morden , Swift Current. Vauxhall, and Vegrcville . T hese locations 
were most like ly to prodUCt: conditions fa vourable to wind erosion , i.e . , freq uent 
freeze-thaw cycles but [ow rainfall. 

Figures 8 and 9 show the estimated mean and 20 percent probability 
level fo r annual snowmelt (McKay , 1964) 011 frozen soi l. Allhough rainfall is more 
likely to produce soil detachment and erosion than is snowmelt, the latter can still 
be an imJXlrtant factor to consider. Edwards and Burney ( 1989) reported that in 
early spring, snowmelt and prolonged low-intensity rains are believed to be the 
main cause of soil erosion in Prince Edward Island , especially where the soil is still 
frozen just below the surface. The maps (Figures 8 and 9) show increa.~ing 
amounts of snowmelt on soil frozen beneath the surface in Eastern Canada and are 
consistent with the observations of Edwards and Borney (1989). AI Charlonetown 
the mean annual snowmelt on soil frozen beneath the surface was 88 .8 mm and the 
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FIGURE 7. Plot of duslen; classified by annUlI] freeze-thaw cycles at S em soil clepl" and the mean 
annual amollnt of rain falling 011 soil fmzen at the 5- 20depth. 

20 percent probabil ity level was 198.5 mm. At the 20 percent probabi lilY level 
Normandin , St. Augustin , Caplan, BUClouchc, Goose Bay and SI. John's West all 
indicated as much or more snowmelt on partly frozen soi l as Charlonclown. and La 
Pocaliere, Hoytblissvil le, and Fredericton al l had over 170 mm. 

CONCLUSIONS 

Climatological data rrom 58 siles across Canada allowed a spatial characterization 
of winter condi tio ns which may lead to severe soi l erosion events. At the drier 
locations o n the Prairies, froze n soil and freeze-Ihaw cycles are mosl like ly to be 
contributing factors to water erosion. T hey also may lead to cond itions favouring 
wind erosio n. At sites in Eastern Canada , the frequency and IImount of rai n on soil 
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FIGURE 8. Mean annual amount of $nowmclt on soil frozen althe 5- 20cm depth. 

frozen beneath the surface contribute signifi cantly to risk of water erosion. The 
estimate of snowmelt on soil that is not thawed beneath the surface provided 
additional information on a situation known to contribute to the risk of soil erosion, 
The gamma distribution provided an indication of frequencies Hnd amounts 
occurring at least once in fi ve years . 
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Annual Snowmelt on Frozen Soil 
at 20% Probability Level 
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AGURE 9. Annual mean amount of sno .... melt ~t 20% probability on soil fro~en at tbe 5- 20 em 
depth. 
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Etude du bilan hydrique des sols 
au Quebec meridional 
Philippe Rochette l 

el 
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[Manuscrit res:u Ie 17 decembre J 990; 
e n forme rcvisee Ie 4 aout 1991J 

Une crude du bi lan hydrique des sols agricoles a ele menee dans la partie meridionale du 

Quebec. Les variables etudiees ont eli: les "aleurn mensueltes moyennes (mal 11 seprembre) 
d'evapotranspiration potentielJe (ETP). dep)uie. du nombrcde jours avec dc:tlcit hydriqueet 
de la frolction presentc de Is reserve en CIIU utile du sol. L'ETP a eti: calculee a I'aide d'une 

version modifiee de I'equation ., I de Baier & Robenson elle modele de bilan hydrique 

chaisi fut Ie Bilan Hydrique Polyvalent (BHP). Le.~ caracleristiques d'une culture de 

graminees en melange ont elc appliquee!) au 9HP pour les donnees mCleorologiques de la 
periode 1912-1982 a 227 Illations meleorologiques. Les resullals indiquent que les regions 
du Quebec me.ridionalles plus sujenes au)!. defic its hydriquessont laplainede Montreal ella 

vallee de 1'00taouais ct, II un degre moindre, Ie Temiscamingue et la 004:e nord-ouest de la 
Gaspisie. Les regions de Quebec ct des Cantons de J'Est sont, au contraire, celles ou Ie 

manque d'eau est Ie moins susceptible de nuire II la crois.sance des vegitallX . 

A BSTKACT 

A soil water budget srudy was carried out for the agricultural areas ofQuCt)Cc. The 
parameters used in the analysis were the monthly averages of potential evapotranspiration 

(PE), rainfall and available waleTpresent in the soil protllc . PE was calculated by a modified 
versjonofthe Baier and Robenson equation * 1 and soil water content was estimated by the 
Versatile Soil Moisture Budget. A vegetation cover composed of milled grasses was studied 
and lIle model was run over lIle growing season for an eleven-year period ( 1972- 82) at 227 

meteorological stations. The results indicate that the Monilial plain and the Ottawa Valley 
were the drie.~t regions. rollowed byTemiscamingue and the northwest coast of the Gaspe 
~ninsula. The Qui:bec City and Eastern Townships regions , on the other hand. were those 

where water shortage is ie.<os like ly to affect crop growth. 

, Cenrrede rt:ellen:hessur tell ICm:s, DiIecIioode I, recherche, Agri<;ultun.:Canadll. OtUIwa K I AOCfi 
2 DCpanemenl de phytologie, Faculle de.'! sciences de l'agriculfUIC et de ('alimentalion. Univenite 

Laval, Sainle--Foy (Quebcc)G I K 7P4. 
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I . INTRODUC.TlON 

Mcme s 'ils y sont plus severes, les Siress hydriques ne sonl pas seulemenl observe.o; 
sous des dimnls andes. En effct, Sneed et Patterson (1983), dans une analyse de la 
productivite vegetale en ciimnts humides, conciuem que I' irrigation devrait y 
occuper une place plus importante dans 13 regie des cultures en raison de deficits 
hydriques surfisamment nombreux pour en diminuer significativement les 
rendements. 

Les travaux de Dube et Rochette ( 1985n et I 985b) ont egalement 
montre que In fraise et la pomme de terre etaienl soumiscs a dc frequenls deficits 
hydriques dans les regions du Quebec OU elles sont produiles. Les aU!eurs onl 
conclu que Ie nombre et la severite de ces deficits peu vent rWuire sensiblement les 
rendements de ces cultures si aucune irrigation n'cst pnltiquec . l 'alimentalion 
hydrique des plantes apparait done comme un element non negligeable dans la 
determination des rendemenls agricoles au Quebec meridional . 

L'et1lde du bilan hydrique d ' une surface se fait sommairemcnl en 
comptabilisant les gains, represcntes principalcmenl par les precipilations, et les 
pertes dont la majeure panie se fait sous fonne de vapeur d"eau dans Ie processus 
d 'evapotranspiralion. Plusieurs etudes du bilan hydrique Quebecois ani ete 
real isees au cours des demieres decennies . Quelques·unes de leurs caracleristiques 
sonl ctecriles sommairemcnt au tableau I . Dans leurs IraVau)(, Chapman elBrown 
(1966) ant consicrere que I 'evapotranspiralion se maintenail a son niveau potenlieJ 
(ETP) tant que la reserve en eau du sol n 'etail pas epuisee et que cette demiere ne 
commenltait a eire restaurCe , jusqu 'a un maximum de 100 mm , que lorsque les 
precipitations surpassaient I' ETP. lis ont condu que Ie Quebec est uoe region 

TAII I. EAU I . Sommairr Ucs erudes de biJan hydriquc au Quebec. 

Au!CuflI ETP' PCriode 
ehKliec 

Chapman el T 1921-50 
Brown (1%6) 

Massin ( 1971) T 1939- 68 

WilSQn(I971) T 1931- 60 

Agrie. ""I 193t- 60 
C:uIlKb ( 1976) 

, T = 1lIomthwaileet BRI ~ Baier& Robert.w n #1 . 
~ Non-disponible , 
1 Comprrnd IIUSj; Ics stations du Nouveau-Quebee~ 
• Sai.§on de croilisancc. 

Sai$Of1 
erudiec 

Annie 

JAn;s 
(Mai·OcI.) 

"'''''' 
Am.'" 
S.C.-

P. Rochette el P -A. DuM / Bi/an Hydrique des Sols 

.do Rescnccn 
stations eaudusoJ 

(~) 

N/D' 100 

153 64,89 
114etl40 

1671 JOO 

121) 1OO,2S 

(7 



relativement humide dans Ie conte x. le canadien puisque seules les regions de la 
plaine de Montreal el de 1a valU:e de l'Oulaouais monlrenl un deficit annuel moyen 
de 25 rom. l is soutiennent que, pour I'agriculture , I'avantage d'y avoir peu de 
defic its hydriques esl annuli: par les problemcs relics a I'exces d ' humidite au 
momeO[ du sechage des fourrages de meme qu'au semis et a la rCcoltc. lis 
identifient la region des Cantons de I'Est comme ciani celie ou les exces d'eau 
risquen! d'etre les plus nuisibles. 

Massin (1971) a suivi la meme procedure pourdctcrrniner les 
frequences relatives de deficit hydriquc pour des sols ayant difte rente.'i reserves en 
eau facilement utilisable. Scs resultats pour la periodc de mai it OClobre rnontrenl 
eux aussi que les regions de Montreal Cl de I'Outaouuis, de meme que cenains 
endroits du LacSt-Jean CI de la Gaspesie, elaient les plus susceptibles de connailre 
des deficits hydriques alo.rs qu '<10 contrairc , ed les des Laurentides et des 
Appalaches en ctaicnt praliqucmcnt epargnees. L'interet relatif aux. resultats 
mensuels obtenus par Massin (1971) est diminue par Ie fait que I'equation de 
Thomthwaite (1948) fUI utilisee pour Ie calcul de I'ETP. II a en effci etc montre 
que bien que les cumuls annucls d ' ETP produits parceUe equalion soicn! 
salisfaisants, ils sont errones en debut de saison en raison du deJai entre 
i 'augmentation de la mdi3lion elie rechauffemenl de l'air (Pelton et al.. 1960). Les 
va.Jeurs d' ETP calculees par les equations de Thomthwailc (1948) cl de Penman 
( 1963) a Quebec et a Montreal monteent bien ]'erreur encourue au primemps 
(tableau 2). 

Wilson ( 197 1) a real ise unc elude annuel le du bilan hydrique 
quebecois a I'aide de la methode de Thomthwaitc (1948). Celie fois. 
I'evapotrdnspiration ree Ie a ete calculi:c en fonclion de la fraction de la reserve en 
eau toujours presente dans Ie sol. Ses conclusions sonllres voisines de cel les de 
Chapman et Brown (1966), 

Une autre methode a egalement ele employee pour definir I'i nlensile 
des deficits hydriques all Canada. Des pt,lynom iales du second dl.'gre ex.primant Ie 
deficit pour la saison de croissance en foncllon de la difference entre l'ETPet les 
precipitations (P) pour la meme periode onl ete suggerees (Agricu ilufe Canada. 
1976). Les equations onl d 'ahord ete calibrecs cXpCrimcntalcment nux stations de 
recherches regionales et ont cnsuile ctcappliquees aux endroits ou ETPet P elaient 

TABLEAU 2. Valeurs mtl)'enr>e& de rETP (mm) ,;elon tllS equation, de Penman (P) ct de 
Thomthwaite (T) II deux cndmits du QuClx:c meridional (1972-1982). 

Slation ET' Mai Juin Juillcl Aoul Scplembre Sai50n 

Quebec , 106 120 130 1116 64 52. 
T " 113 134 "' 6S 50< 

MO!Jtni,a1 , 121 131 14' "' 73 '" T .. "' 140 120 74 53' 
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connues, Dans cette elude, deux niveaux de reserve utile (25 el 100 0101), 

employanl pour chacun dC5iquels deux scuils de probabi lile deconnaitre un deficit 
( 10 et 50%), o nl clecolls ideres. Les regions de la plainc de Montreal. de la vallee 
de l 'Oulaouais el du Temiscamingue Onl encore iei e te idenlifiees comme elanl 
celles ou la probabilile de defici t hydrique estla plus grande alors que Ie reste du 
Quebec etail considere comme une region rclati vement homogene et it plus falb le 
risque. 

Les eludes sur Ie bilan hydrique au Q uehec executees au cams des 
demieres decennies ont pcrrnis d 'cn preciser les d ifferences spaliales moyennes 
pour la saison de croissance. Les resultats des analyses mensuelles (Mas.'! in , 1971) 
ne sont cependant pas suts e n raison de I'absence d ' unc methode fiab le decalcuJ de 
I 'ETP sur cel intcrvalJc de temps, 5i bie n que I'information quantilative produite a 
e le reduite au bilan saisonnier ou annue l. C'est done dans Ie but de produire des 
stat istiques descriptives plus completes el plus precises des condi tions hydriques 
du sol du Quebec , que fut e nlrcprise une etudc visant it y calculer Ie bilan hydrique 
joumalier au COUts de la saison de croissance. 

2. M ATER I E L ET METH ODES 

Le terri to ire considere dans cette elude est celui ou .'Ie pr.t.tique I 'agriculture dans la 
province de Quebec . II est princ ipaJemenl forme des plai nes du St-Laurent et de 
I"Olitaoua is, des vallecs incluscs dans les massifs laurentien et appalachien, de 
l'Abitib i-Tem iscamingue, du Lac 51-Jean el de la cote gaspiisienne . 

Les variables mcteorologiques joumalieres uti lisees ont ele la 
precipitation et les temperatures minimale et maximale observees it 222 s tat ions du 
reseau climatolog ique quebCcois ou la qualilc du dossier permenait Ie caJcul du 
bilan hydrique de mai it scptcmbrc pour un minimum de huil annees sur Ie.'i onze 
couvertes par I'erude (1972- 82). La vi tesse moyenne du vent pour la saison 
estivale cstimee par I'cche lle de Beaufort (Mi nis terc de l'Environncmenl du 
Quebec , 1978) a egalcment scrvi au calcu l de I'ETP. La loca lisation des stations 
est indiquee a la figure 1. 

2.1 Bilan lIydrjqu~ 

Le bilan hydrique polyvalent (BHP-W) (Dyeret Mack, 1984) a ete retenu pour 
ceUe etude. II est la plus recente venion d ' un modele multicouchc propose par 
Baier et Robertson ( 1966) comme une forme amelioree du Bilan Module (Holmes 
e t Robertson, 1959) . Le profil du sol etlldie y est divise en deux couches 
composees de zones de nombre et d 'epaisseu[ variables qui constituent les uniles 
ou sont estimes les pertes et les gains joumaliers en eau . 

2. J.I sol t!t COl/vert vegewl 
Po ur une memc demande atmosphenque, Ie bilan hydrique d' une surface depend 
des caractcrisliqucs hydraul i4ucs du sol. de sa profondeur et du Iype de couvert 
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vegetal present. Chaque combinaison different d'un type de sol el d ' une culture 
produ;! done un bilan hydrique qui lui est propre . II est cependant impossible 
d'ctudiertoutcs lescombinaisons "sol/couvert vegetal" qu' un retrouve au Quebec 
agncoie . C'est pourquoi nous avons choisi de nous limiter a une communau te 
vegelale courante , soil un couvert de graminces fourragercs considerees en 
croissance active constanle dOnlles racines s'enfoncentjusqu 'il 60 em de 
profondeur, et it deux types de sol, soit un sableet un loam. Les sols rctcnus 
avaicnt une profondcur d'un metre, divisee en deux couches et six zones. Leurs 
car'o:I.clerisliques hydriques, presentees au tableau 3, sont eelles determinees par 
C lapp el Hornberger ( 1987). Un sol argi leux a cgalcmcnt ctecnldic. Les 
statistiques obtenues ani cependanl Cit! tres voisines de celles obtenues pour Ie 
loam. Commc e lles n'apportenl aucunc information nou vel le. c lles ne sont pas 
presentees iei. 

TAOLE AU 3. CaractenstiQlIes des sols etudiis. 

SABLE (Reserve utile = 46 mm) 

Couche - Porusite Capacilt Poinlde E" K' 

• • (=) ,,,,,", allcbamp ncb'iSli. dispon. 
(~) (mm) (mm) (~) 

, "-, 19.8 6.4 '.5 ' .9 0.55 , 5-12.5 29.6 9.5 '.8 ' .7 0.\9 , 125-25 49.4 15.9 6.3 9.' O. l? 
4 ~SO 98.8 3 1.S t2 .5 19.3 0 .08 

, , "'-75 91S.S 31.S 12.5 19.3 0.03 
6 75-100 98.8 31.S 125 \9.3 0.0 1 

Prom 395.2 127.2 .50.1 77. 1 1.03 

LOAM (Reserve IItile! ,. 76 mm) 

COIiChe Zo~ Pomsilt! Capacilt Poinlik "" K' 

• • (cm) totale 811cbamp ncb'i$5'. dispon . 
(mm) (mm) (mm) (mm) 

0-5 22.6 12.6 6.2 6.4 0 .55 , 5_ 1.2.5 33.8 IS.IS 9.3 9.' 0,19 
3 12.5-25 56.4 3 t ,4 \5.6 15.8 0 . 17 
4 ,,-so 112 .S 62.8 3 1.2 3 1.6 0 .08 

2 , "'-75 112.S 62.8 3 1.2 31.6 0.03 
6 75- 100 11 2.8 62.S 31.2 31.6 0.0 1 

Prolil 451.2 25\.2 124.7 126.5 1.03 

• Coeffic ienl fonelion dll C<.lllven vcget.al. 
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2. J . J evaporranspirarion 
L'evapotranspi1"ation reelle (ETR), exprimee en millimetres, est calculee par 
BHP-W a ('aide de 13 relation suivante: 

au: n ~ 

K; ~ 
S; ~ 

C; ~ 
z, ~ 

n Sj 
ETR~ L K; .Z,.ETP (1 ) 

j = I C; 
Nombre de zones sur I'ensemble du proliJ, (numerotees de la surface 
vers Ie bas du profil); 
Coefficient fonction du couvert vegetal pour la zooe "j"; 
Fraction presenle de 13 reserve en eau utile au debut de la joumeee 
dans la zone " j " (rom); 
Reserve en eau utile de la zone " j" (mm); 
Coefficient d 'ajustemenl selon Ie patron d 'assechement du sot. 

L'ETR a ete consideree egale a ,'ETP pour des teneurs en eau 
supirieures a 50% de la reserve utile pour Ie loam et 30% pour Ie sable. Snus ces 
sc:uils, Ie rapport ETR/ETP decroissait de faljon lineaire. 

La methode d'cstimation de I'ETP retenue dans cette etude a ete ceUe 
de B~vAl (Rochetteet DubC. 198get 1990), uneadaptation de l'equation #1 de 
Baieret Robertson (1%5): 

ETP = a (~+ ali TX + a;zi EC + ali RE) 

Coefficient adimensionnel d 'ajustement saisonnier fonclion du 
nombre de jours apres Ie premier moo; 
Temperature maximale de la joumee consideree ("C); 

(4) 

Difference entre !'ecart des temperatures minimale et m;u.imale de 
la journee consideree ella nonnale c1imatique du meme ecart pour 
Ie mois ("C); 
Radiation au sommet de I'atmosphere pour la joumee (cal/cm2/jr); 
Indice correspondant a la classe du vent estival moyen dc la station 
etudiiie(i = 1, 16) . 

Cene equation aete calibree a I'aide de 1'lITPca1culee par I'equation 
de Penman a onu endroits du Quebec meridional et pour seize vitesscsde vent. I.e 
choU. de la version a utiliseresldooc fooclion de "cndroit etudie el des conditions 
estivales de vent qui y prevalent (Rochene et Duoo, 1990). 

Les variables mensuel.les compili:es ont ete, pour chaque type de sol, 
la moyenne de la fraction prisente de la reserve en eau utile et Ie nombo:: moyen de 
jours avec deficit hydrique. Un deficit hydrique ewil considere lorsque au moins 
60% de la reserve ulile etaitepuisee . 
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2 .2 Groupement ef Carrogrophie 
En plus des stal istitjues moyennes mensuelles, la variation spatiale moycnne pour 
I 'ensemble de la saison de croissance a ete delenninee pour les trois themes 
etudies: la precipitation, I'ETP et Ie bilan hydrique. Les dcscripteurs ulilise.'i pour 
Ie zonage des trois themes onl the respeclivement les valeurs mensue lles moyennes 
(mai it seplembre) de pluie, d 'ETP el de la fraction de la reserve en eau utile 
pre.<iente dans Ie loam . 

Une analyse e n composantes principales en mode " R" a ele executee 
a fin dedetenniner la structure des donnces CI d ' isoler la di mension " intens ile" de 
chaque theme (SAS, 1982). Les composantes obtenues reprt:sente nt des pOles ou 
axes de groupement . Comme I 'extraction des composantes est fai te selon Ie critere 
de maximiser la variance expliquee parchacune, ces axes reuvent servir a 
discriminer les individus. A celie fin , les notes des stations sur la composante 
" intensile " ont ete utilisecs pour repartir les individus dans cinq groupes. La 
composante " jntensile" etait caraclerisee parun coefficient eleveetde meme pour 
IOUS les descripteurs. Une composanle de ce type etait pTt!sente pour chaque theme 
e n raison de la correlatio n e nr.re les valeurs mensuelles des de.<;eripteurs d'un meme 
the me. La cartographie a eli: ri:alis6c it I'aide du logiciel "SYMAP" (Dougenik et 
Sheenan, 1975). 

3. II, ESU tTATS li T D ISCUSS iO N 

3. 1 Groupement 

L.es de ux. premieres composanlcs principales extrailes de chaque Iheme san! 
presentees au tableau 4. Dans chaquecas, la premiere represente la majeure partie 
de la variance des descripteurs originaux. soil 69% pour la plu ie. 77% pour Ie bilan 
hydriq ue el 92% pour I'ETP. EUes constituent I'aspect " 'ntensite" dechaque 
theme et les notes des sl'IUons sur ces co mposanies a ni ete ulilisees pour Ie 
g roupement . 

leg secondes composantes issues de I'analyse expriment reffet 
maritime sur la distribu t.io n de la pluie el de I' ETP au cours de la saison. On y voit 
nCllement I'o pposition entre les valeurs de mai ct de septembrc . Celie infonnation 
climatique n'est pas desiree dans les zonages proposes dans celte etude et a done 
ete flt!gligee. 

3.2 Evapotranspiration potemielle 

3.2.1 Z(Jnage 
L'exameo de la carte iUustrant Ie zonage de I' ETP au Quebec (figure 2) montfe un 
gradient marque dans I'axe nord-sud el un autre, plus faible. dans celui est-ouest. 
Le premier gradient est cause par la difference d 'cnergie radialive disponible sur 
I 'ensemble de la saison selo n In lati tude clle second par I'effel reducleurdu dimat 
maritime du golfe St-Laurent sur I'ETP des regions de I'est du Quebec . 
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T" B I. EA U 4 . Composanlc5 principales, ~8 aux valeur'll proprcs, c:>;tnliles des ensembles de 

descripteun de J'ETP, de la pluie csuvaJc ct du bilan hydrique. 

ETP 

Mois 

M,; 
Juin 
Juillel 
AoUl 
Septembre 
';t. de la variance cxpliquec 

PLUTE 

Mois 

M,; 
Juin 
luillcl 
Aoul 
Septembre 
% dela variance expliquee 

BIl.AN HYDRIQUE 

Mois 

M,; 
Juin 
Juillc( 
AoUl 
Septembre 
% de la variance eK pliquee 

Comp.1 

0.924 
0.989 
0.980 
0.969 
0 .939 
,,% 

Comp. 1 

0 .774 
0 .88 1 
0 .833 
0 .R74 
0 .787 ,,.. 

Comp.1 

0.7n 
0.930 
0 .... 
0.930 
0.797 ,,% 

Comp. 2 

0.352 
0.033 
0 .095 

- O.lIiJ 
- 0.291 

,% 

Comp. 2 

0.558 
0.066 

-0.30 1 
0 . 127 

- 0 .445 
,,% 

Compo 2 

U.592 
0 .126 
0 .0 19 

- O. l73 
-0.541 

14% 

La zone 1 est limitee a 13 region de la cOle sud-esl de 13 GaspCsic. Lcs 
travaux anlerieun; (Chapman et Brown , 1966; Wilson, 197 1; Agriculture Canada . 
1976) o nt aussi identifie la Gaspesie comme un des lerrito ires agricoles du Quebec 
ayant la plus faible ETP saisonnierc. Unc particularite de noire etude csl cependanl 
d 'y avoir idenlifii une difference d ' ETP entre les cotes nord-ouesl et sud-est. La 
cause de la plus grande ETP sur 1a cote nord-ouest reside en grande partie dans les 
vitesses de venl plus grandes qui y SOllt observees (Vigeant , 1984; Leduc, 1982) et 
dontl 'effet sur I' ETP a pu etre ex-prime par nOire methode de calcul. 

La zone 2 couvre, en plus du nord de la Gaspesie. Ie nord-ouest de 
l'Abitibi , les Laurentides au nord de Montreal et de Quebec et une grande partie 
des Cantons de l' Est . l.es valeurs d ' ETP relativement raibles qU 'on observe dans 
cette zone sonl dues au dimal rrais qui la caraeterise , saur dans Ics Cantons de l'Est 
ou il semble que les vents faibles ault stations JDeaJisees dans les val Ices (Leduc. 
1982) en soient davantage responsablcs. La vi tesse moyenne du vent dumnlla 

24 Climatological Bulletin I Bulletin dimatologique 26(1). 1992 



'" '" ~ • 
~ 
• ~ 
'" ~ 
" • ~ 
~ -to s: , 
~ 
Sf 
~. 

~ 
~ .. 46° 

ONTARIO 

, 50 100 150km 

ETATS-UNIS 

zone 

2 

3 

4 

5 

NOUVEAU­
BRUNSWICK 

+ laible 

+ fone 

456 

483 

512 

550 

595 

Conception: P. Rochette et P.A. ~ 
Realisation: O. Couture el E. Girard 

AGURE 2. Variation spatialede \ 'evapotraDspifation potenticlJe (mai i. 5epIembre) au Quebec rnCridiooaJ (1972-1982), 



saison de croissance a I'aeroport de Sherbrooke est en effel une des plus basse 
panni les stat ions du Quebec meridional rapportccs par Environnement Canada 
(1982). Cetteetudeesl la premiere a identifier la region des Cantons de l'Est a une 
zone d 'aussi faible ETP. 

La zone 3 cst celie incluanl la plus grande proportion du Icrriloire 
elUdie. Elle regroupe la majeure panie de 10 vallee du SI-Laurenl moyen, des 
Appalaches el de I'Abitibi ainsi q ue Ie Lac St-Jean en enlier , Nos resulfats 
n 'expriment donc aucun des gradients indiques par Wilson ( 197 1) el Chapman ct 
Brown ( 1966) sur la ri ve sud du SI-Laure nt entre les Canlons de l 'Est etla 
Gaspf:sie. L'effet riducteur du climal rrais des haUies terres des Appalaches sur 
I' ETP y est compense, selon nous. par les vitesses de vent plus clevecs associees a 
ces endroits exposes, expliquant aiRsi I'homogeneile de cette region. Notre 
zonage, sur ee! aspect, sc mpproche de eelui propose par Agriculture Canada 
( 1976). 

La w ne 4 cst cssenlieJlement tine region de tnmsition de fa ible 
elendue entre la region d 'ETP maximale et la zone 3. Ailleurs en province. seule 
une pelile enclave au sud de Quebec, pres du SI- Lauren t, cst classce dans celie 
zone. 

La plus fane ETP moyenne (zone 5) sur Ie temlo ire 011 se pratique 
I'agriculture au Quebecse trouvedans la pJaine de Montreal. Sur cet aspect . notre 
e lude ne fail que confinncrce qu 'avaient propose les eludes de w nage precedenlcs 
(W ilson, 197 1; Chapman el Brown, 1966 el Agriculture Canada , 197(i). 

3.2,2 SrafistiqlU!s 
Les statisliques, parzone, des valeurs moyennes d'ETP sur la peri ode etudiee aux 
stalions utilisees sont presentees au tableau 5. L' ETP saisonniere varie de 456 a 
595 mmde lazone 1 II la zone5. Ces valeurs sontde20 il30% supirieuresa eellcs 
proposees dans la seule autre etude couvrant la meme saison (Agriculture Canada, 
1976). Ces differences sont importantes et peuvent elrecxpliquces par I'elude de 
periodes differentes a u par Ie fa it que I'eq uation ulilisee par AgricultureCanada 
( 1976) ne soil pas representative des conditions quebCcoises (Rochelle el Dubi, 
1990). L' ETP annuelle calcuJee it ['aide de I 'equation de Thomlhwaite par 
Chapman et Brown ( 1966) et Wi lson ( 197 1) est environ 10% supirieure aux 
valeurs saisonnieres presentees dans cette elude dans tOUles les regions du Quebec , 
saut' eelle de Montreal , au elle y esl pratiquement egalc . 

leg statistiques mensuelles du tableau 5 sonl les premieres a elrc 
presentees pour Ie Quebec surce pas de temps. Elles montrcnl que les mois ou 
I'ETP eslla plus fane et la plus f3ible sont rcspectivemenljuillel e! seplembre et 
que les valeurs de ce demieregalent moios de la moilie de celles du premier. Les 
mois de mai et aool sonl pratique ment idenliques el representen! 75% de ]'ETP de 
juillet Finalement , juin suit l mmooiatemenljuiUet, dont il cst de 8 a 10% 
inferieuT. 

Les minima et max ima exprimentlcs valeurs eX lremes moyennes 
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TABLEAU S . Statistiques de revapotrarupirntion polenliclJe (ETP) eu Qutbec meridional (rom) om- I982). 

MAl JUIN JUlLLET AOUT S£l7fEMBRE SAlSON 

""" #STAT MOY MIN MAX MOY MIN MAX MOY MIN MAX MOY MIN MAX MOY MIN MAX MOY MIN 

I 28 92 " 100 lOS 101 115 '" 109 121 " " 
., 

" 46 " 456 440 
2 67 ., 

" 10' 113 105 120 122 "' 129 97 .. 101 " 
,. 60 4113 466 

3 70 104 92 113 "' 110 125 128 122 '" IOJ 96 110 60 " 66 512 '" 4 44 11 0 ., 121 126 11 7 IJJ 138 130 145 II I 104 119 66 59 72 550 '''' 5 JO 122 lOS 135 134 121 142 149 141 159 lIS 112 125 72 6J '0 50' 574 

Toul "9 104 92 II) 119 III 12. 129 '" 137 IOJ ., 110 60 " 66 'IS 497 

(;f!STAT = NomM de Slali<IM meteomlogiques; MOY ~ Moycnne sur Ja periode; MlN et MAX '"' Moycnne, par zone, des Y1IIeurs minimalc t:I maximale 
enn:~ it CbaqU£.5tation sw: \a period!: erudi.ee) 

MAX 

478 
50) 

'" '" 625 

5" 



rencontrees , au eours de la periode elUdiee, :lUX stations de chaquc zone. Les eearts 
entre les deux valeurs pour un meme mois se chevauchent entre deux zones 
voisines, s i bie n qu 'en certaines annCcs, il peuttheoriqucment ne pas y avoir de 
differences entre I 'ETP moyen de de ux zones c.Iiffi:rcntcs . Ainsi. si au cours de la 
me rne annee, les conditions du mo is de mai favorisaient une ETP maximum dans 
la zone 1 et minimum dans la zone 4 , on pouITait n'observer, pour celie annce-Ia , 
aucune difference entre [' ETP mcnsucl de ces deux zones. Sur une base 
saisooniere, Ie clivage est plus net entre les zones . 

3.3 P/uie estiVlI /e 

3.3. 1 Zlmage 
II n 'existe pas, pour la pluie esli vaJe (fi gure 3) , de gradients spatiaux aussi nels que 
pour I' ETP. On note eependanl une bande o rientce nord-sud entre 72" 30' e t 70° 
00' de longitude ou les valeurs SOllt supi!rieures aux moyennes prov inciale~ . 

La zone I regroupe les e ndro ilS presenlanl les plus basses hauteurs de 
pluie pour la saison . II s'ag itde la region de la vall~e de I'QUIaouais moyen qui , 
selon Chapman el Brown ( 1966), fonne I'extremile est d ' une enclave plus seche 
s ituee dans Ie nord-e.sl o nlarien . CeUe zone comprcnd aussi ce rtaines portions de la 
rive sud du St-Laurent a la hauteur du Bas-du-Fleuve et de la Gasresie. 

La rive sud du 51-Laurent claos Ie Bas-du-Fleuve, les LauTeniides au 
nord de Ottawa elles basses terres du SI-Laurent en amo nt de Trois-Ri vicrcs 
fonnent la majeure partie de la zone "2 qui CSt completee par Ie sud du 
Te miscamingue et l 'ouest du Lac St-Jean. 

La zone 3, quam it die , comprend presque to ut l'Abi,ibi­
Temiscamingue, les Laurentides au nord de Montreal et a " ouest de Trois- R iVJeres 
et quelques autres lerrilo ircs marquant la transition enlre les regions de plus faibles 
el de plus fortes precipitatio ns. Les zones 4 et 5 sonl praliqucmemlimilCcs li la 
zone du sud du Quebec meridional dans lcs limiles de la bande nord-sud definie 
plus haut. 

3.3.2 Stmi.ft iques 
Les slalis liques de pluie eSli vale sont presentees au tableau 6 . Les valcurs 
moyennes de hauteurs de pluie saisonnicres vont de 426 a 61 7 mm de la zone I a la 
zone 5 . Elles sont superieures d 'environ 20% it celles obtenues par Chapman et 
Brown (1966) avec les donnCc." de la periode 192 1- 50. Les staTions 
mereorologiques util is€:es par ees autres n 'ayant pas cte preeisees, il nous est 
cependanl impossible de conc.!ure fennement surcctte question des ni vcaux de 
prec ipitation estivale. Les valcurs mensuelles de j uin a septembre sont, pour leur 
part, semblables entre elles el depassent celles du moi~ de mai de 20 a 30%. 

Les extremes moyens sur la periode 1972- 82 monlrent une IrCs 
g rande amplitude, si bien 4ue pour 10US Ies mois, les precipitations maximalcs de 
la zone 1 depassenllargement les moyennes de la zone 5 . L'examen des minima 
saisonniers revelent que la zone I sc dislingue principalement de 18 zone 2 par une 
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FIGURE 3. Variatioo spatiaJc de la pluiec:stivalc: (mai a seplI:mbre) au Quebec rnCtidional (1912_ 1982), 



T A liL EAU 6. Statisuques de la pluie estivale (maj"5Cp<embrc:) all QuC;bec m&idionaJ (rom) ( 1972- 1982). 

MAl JUIN JUILLET AOUT SEP'fEMBRE SAlSON 
ZD~ #STAT MOY MIN MAX MOY MIN MAX MOY MIN MAX MOY MIN MAX MOY MIN MAX MOY MIN MAX 

• " 69 " . 23 82 33 148 " 46 • 87 •• "" ' 65 8' 36 175 "8 287 "8 
2 58 Ol 2S .SO 96 41 .69 94 42 '69 .00 3' .83 10. 48 '65 "8 342 817 
3 81 " " . 8. .08 " lB. 'OS 47 .89 n o 46 "3 .07 56 17' 5" 378 683 , 42 93 II 177 n8 60 •• 3 ' 18 " 215 127 " 21. 122 69 18' '" 427 764 , 24 "" 37 187 .24 71 .. , 128 Sl 246 '" .. 22' 12' 72 .97 817 4SO 81' 
To", 22' 88 29 '8' .06 " 18. '06 47 ' 94 112 48 18' .09 57 177 '" 380 692 

{t~"AT " Nombre de $lations meleorologiques; MOY = Moyenne sur la periode; MIN et MAX .. MO}'(:D1\e, parWII<:, des valeur.; minimale et maxima1e 
enn:gislT6c.s it cbaquc: SlaDon sur la periode erudiid 



plus faible precIpitation cn annre sccbc. Celie zonc est donc celie ou la secheresse. 
risque de frapper Ie plus durcmcnt au Quebec meridional. 

3.4 Bi/an hydriqlll! 

3.4.1 ZOtwge 
La zone I (figure4)cstlimilec3 une fa ible supcrficiequi correspond assez bien au 
territoire identific par Massin (1971)et Wilson ( 1971)commecelui ou lesdeficils 
hydriques saisonniers sonl les plus frequents ou les plus imponants. Dans cene 
zone, Icsdifferenccs principales par rapport aux Iravaux precedents sont j'ajoutdu 
sud du Temiscarningue et Ie rc trai t d ' une partie du Lac 51-Jean (Massin , 1971) et 
de I'cmbouchure du Sagucnay (Wilson, 1971). Dans la region de Montreal, les 
conditions plus seches sont Ie resuhat de hi combinaison de pluies moins 
abondantcs et d ' ETP plus fortc . Ai lleurs dans la zone , Ics faibles precipitations 
sont davantage responsabJcs de la plus grande frequence dc jours avee defic it 
hydrique . 

La lOne 2 comprend les territoires adjacents 3 la zone 1 et cenaines 
enclaves plus seches a illeurs dans la province . La region de la valleedu 
5t-Laurent , c1assee dans ceUe loneentrc Montreal ct Tmis-Rivieres, represente 
une difference imponante par rappon aux travaux precedents (Massin, 197 1; 
Agriculture Canada, 1976) qui avaient identifie un gradient plus marque dans I'axe 
du fleuve el moins prononceen s 'en cloignant . C'cst aussi la premiere fois que la 
rive sud du fleuvc entre Quebec et Ie Bas-tlu-Pleuvc est identifiee a un dimal aussi 
sec. Par ailleurs . la region formee du Bas-du-Fleuve ct de la cole nord de 13 
Gaspesie est confirmee comme un end mit relativement sec pour sa localisation 
nordiquc et maritime. Les territQires du sud de la provincecouverts pat cene zone 
sont caracrerisCs par des precipitations SQus la moyenne provinciaJe et une ETP 
plus fone , alors que ceux du nord connaissent une ETP faible ou moyenne mais des 
precipitations nellement inferieures_ 

La zone 3 est celle qui regroupe la plus grdnde elendue. Ellerepresentc 
une bonne partie des Laurentides, des Appalacbes ct de la Vallee du St-Laurent 
ainsi que Ie nord de l'Abitibi el le sud du Lac-51-Jean . Celie zone est caractensee 
en grande panie par des conditions de precipitations et d 'ETP pres de·s moyennes 
.provinciales. Seule une petile region au nord-est de Montreal a ete classee zone 3 
malgre une ETP tres fortc et des precipitations moyennes. Ce rCsultat inattendu est 
possiblement dil. a une distribution plus reguliere de la precipitation au cours de la 
saison . 

Les zones 4 et 5 sont les cndroils les plus humidcs du tenitoire sous 
etude . Elles sont rOmJeeS par la region des Appalaches au sud de Quebec, la cote 
sud-est de la GaspCsie el les haute.~ Laurentides, la region de Quebec et Ie nord du 
Lac 51-Jean. Les deux tcrritoires agricoles les plus imponants comprilS dans ces 
zones sont les Cantons de l'Est et Quebec. Leur identification a des conditions 
hydriques du sol IreS humidcs s'apparcnte davantage nux resultats de Massin 
(1971) qu'a, ceux de Wilson ( 197 1) et d 'Agricultllre Canada ( 1976). 
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Les lerriloircs occupCs par ces zones sonl Ie plus souvcnl camcterise. .. 
par la_combinaison d'une faible ETP ct de fortes precipitations . Le dimal humhJe 
de la region de Quebee cst ccpcndant du principaiemcnt it des precipitations 
import antes. 

Dc fa90n globale, on peUt affinncrquc, malgre certaines difference.~ 
sou lignees plu!; haut , Ie zOllage propose dans ceue elUde est Ires vC)isin de celui de 
Massin ( 1971). Celie constalalion vienl appuyer l'opinion de Pelton et al. (1960) 
sur la valeur de I 'equation de Thonhwaite pour I'estimation de I'ETP saisonn icre. 

3.4 .2 StafistiqlU!l' 
Lc present lravail dec r!1 leS conditions hydriques du sol au Quebec par Ie nombre 
mensuel moyen de jours avec de fic it hydrique et par la moyenne mensuelle de la 
frac tion presente de la reserve utile. Les valeurs moyenne, minimale et max imale 
de chaque descripteuront elc calculees it chacune des stations . Les moyennes . par 
zone, de ces valeurs sont presentees aux tableaux 7 ct 8. Les valeurs minirnale. .. et 
maximales iIIustrenlles conditions moyennes, prevalant dans chaque zone, aux 
annees les plus sechcs et aux plus hum ides. 

3.4.2.1 jOllr.f QI'f'C dejicit hYllriql/f' 
Le nombre moyen de jours avec deficits pour I'ensemble de la saison vnrie, de la 
zone I ala zone5, de38 a 6 pour Ie sable el de 24 it I pour Ie loam. Ces valeurs sont 
Ires variables d ' une saison a I'autre , pouvant doubleret mcme tripler en annee rres 
seche et devenir nulles en annee humidc. 

Les mois les plus durement touches par les deficits sonljuin . juillet el 
aout. En moyenne, au coors de celte periode. une joumee sur trois pour Ie sable et 
une joumee sur quatre pour Ie loam connai~scnt un deficit hydrique dllns 11.1 zone I . 
Dans la zone 5 , les probabilites de connaltre une joumee avec deficit y sont 
respectivernent rOOuiles a 7 et 0%. 

En mai, lestJeficitssont inex islants pour Je loam. peu impone la zone, 
alors que, pour Ie sable, leur nombre moyen passe de trois it un et Icurnombre 
maximal de neuf it trois de la 7.one5 a la zone 1. En raison du dHicitclimalique (P ­
ETP) que connait Ie Quebec meridional en mai ( - 18 mm). nous nous serions 
attendus a y trouver un nombre plus grand de jours avec deficit. Ces valeurS. 
probablement tmp faibles, sonl dues au fail que Ics conditions hydriques au debut 
de chaque saison ant eti fixees eomme etant ccJles de la capacitc: au champ. Ce 
postulat, nous Ie croyons , est valable pour les annees di les nonnales ou Ie sol . bien 
alimente par la fonte des neiges , n 'a pas etc trop asseche par une ETP encore 
relativement faible. Nous savons cependant qu'en certaines aUires annees. Ie sol 
est deja appauvri en eau au premier mai ct4u 'aJors, les jours avec deficits sont plus 
abondanL'i que ceux- indiquCs par nOire etude (Dutil et o/.. 1987) . Us statisliques 
donnees pour Ie rnois de mai au lableau 7 doi ventdone ctre pc~ues cornme les 
valeurs moyennes les plus faib les, propres aux saisons qui debutent avec une 
reserve utile qui n'est pas entamee . 

us nombres moyens de jours avec deficit hydrique du mois de 

P. Rochene et P.-A. DuM I Bilan Hydrique tks Sols 33 



TABLEAU 7. Slatistiquesde5 jaW'S avec deficiT hydrique au Quebec mmdionlll (mml (1972-1982) . 
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septembre sont faibles. Malgre cela, 11 est in"~ rcssant de noter qlle les valeurs 
maximales reslent relativcment elevees pour un mois ou les precipitations 
moyennes depasscnt largemcntl 'ETP moyen. Ces valcurs, tout cumme celles du 
mois d 'aout, sonl de bons indieateurs du potentiel de secht'resse, En effct. e lles 
sont expliquees par des precipitat ions inferieures aux moyennes de ces mois qui 
prolongentles deficils hydriques cngendres par la fone ETP de mai, juin ct juilici. 
En saisons " nonnales", Ie surplus dimatique de precipitation comble la reserve 
enlamec par les conditions plus sCches des mOls precedents. Lors d'annecs de plus 
faibles precipitations en aoul et septcmbre, Ie deficit d 'un loam se prolonge jusqu '3 
represenler plus de la moilie du mois d'aout dans Ie!; zones 1.2 et 3 ct du mois de 
semplembre dans la zone I , 

Les condilions de seeheressc peuvent etre delinies cornme etant cel lcs 
ou environ In moilie, o u plus, des jours d' un mois sont louches par un deficit 
hydrique. Une eultu re de planles fourrdgeres aux caracterisliques semblables it 
celJes definies dans celie etude serail done sujelle a connaitre une s&:heresse en 
toutes zones sur solleger (tableau 7) . Celie secheresse serait cependilnt limitee au 
mois de juillet en zone 5 alors qu 'el le pourrllit sc produirc de juin a septcmbre dans 
la zone 1. 

3.4.2.2 fractioll presellfe tie Il.l rb"erve en em. mile 
La fraction presente de la reserve en eau utile pour I 'ensemble de la saison varie, de 
la zone I a la zone 5, de 56 a 76% pour Ie sable et de 60% ii 8 1% pour Ie lOam 
(tableau 8). Les mois presentant les slalistiques moycnnes les plus faibles SOOI 
juillel et aout. On n'y observe cepcndant aucu ne valeur moyennc mensuellc 
inferieure a 40%, seuil que nous avons fixe el au-tlessous duquel est considere un 
deficit hydrique , Lesable, dans la zone I, s'cn approche toulefoisenjuillel (43%), 
Mai el seplembre sont les mois au la Icnemen cau du sol est la plus elevee . On note 
egalement peu de difference entre les valeurs pour Ie sable et ce l lc..~ pour Ie luam en 
septembre. Celie ressemblance, qui n'est pas ubserveccn mal. est due a 13 faible 
ETP de la tin de I'cte qui entmine la domination du bilan hydrique par les 
precipitations, 

4 , CONCLUS ION 

Les calibrations regionales de BRI.AVAL utilisees ont donne des valeurs 
saiwnnieres moyenncs d'ETP dont la variation spatiale au Quebec diffCrc 
legerement des zonages precedents . Les differences sunt plus gr.ll1des dans les 
zones de moyenne el de faible ETP. Elles sont dues, scion nous, it la plus grande 
precision de BRI .AVAI. e n raison de scs cal iQrations locales et de sa prise en compte 
de certaines conditions locales pan iculieres . LCl> valeurs moyennes cst imees soni 
env iron 10% infthieures ace.lles obtenues pour I 'anneccnliere par I'equation de 
Thomthwailc (Wilson, 197 1 ctChapman CI Brown, 1966), n13i5 sunt superieures3 
celles proposees pour la meme sai,son par Agriculture Canada (1976). 

Le zonage de la pluie saisonniere alUntTe un patron semblahle a celui 
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propose par Chapman et Brown ( 1966) rna is les valeurs moyennes de la periode 
1972-82 SOn! dc 20% superieurcs a celles de la periodc 1921 - 50, 

Le mnage du bilan hydrique saisonnier du sol obtcnu dans celie etude 
est scmblable a celui propose par Massin (1971). Les diffl!rcnces obscrvccs sont 
dues en partie a "etude de periodcs differente.~, a '·cmploi d'une methodc mieux 
adaplce aux condilions du Quebec [lQur Ie calcul de n .iPel a I' utilisation d ' un 
modele de bilan hydrique joumalier plus dClailh.~. 

La methode de bilan hydriqucemployee a pennis une evaluation 
quantitative des conditions hydriqucsjoumalieres d u sol. Les valcurs mensuellcs 
moyennes des conditionsjoumal,ie res ajoutenl une infonnalion utile au :r.onage 
relatifproduit par des methodes mo inselaborees. La fraction prescnte de la reserve 
en eau ulile a ele caJcuJeeel , pour chaque zone , les nombres moyen , minimal el 
maximal dejours avecd6ficit sur la periode de I I ans ctudiee onl pennis d'en 
caracteriser I'impact joumalier sur les cultures. Sur Ie sable etudic, 18 fraclion 
moyenne de la reserve utile presente enjuillet passe de 43 it. 67% de la zone I 3 la 
zone 5, a lors que Ie nombrc dejoLiTli avec deficit decroit de 13 a 3 entre les deux 
memes zones. Sur Ie loam , les zo nes 4 CIS sont exemptell dc mois avec secheresse, 
la zone 3 est faiblemenl susceptible d 'en ctre frappee en juiJlet cl aout el $Cule la 
zone I peut e n subir une de juin a seplembrc. 

L'infomlation oblcnue du calcul du bilan hydri<lue joumalier peut ctre 
utile a la planification agricole . NUllS cmyolls qu'i l serait intercsSalll d 'appliquer 
celte methode a "elude d 'llUtre.<; eombinaisons sol/cultu re CI d 'evaluer ainsi la 
variation spaliale des besoins en irrigation de certaines produclions agricoles 
pralique~ au Quebec et qui sont sensibles aux deficits hydriques . 
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Climatic Highlights of 1991 in Canada 

Aaron Gergye 
Forecasting and Real Time Reporting 
Canadian Climate Centre 
Dowosview. Ontario 

OVERVIEW 

The combination of an amplified ridge on the west cO:I.~r o f Nonh America <lod 1I 
more southerly migration of the Arctic vonex over Davis Strait (Figure 1) resulted 
in a warmer than normal year for all of Canada except for the northeastern parts . 
This year was a continuation of the observed temperature anomaly pancm for the 
past decade with positive anomalies {Jver most oC the country except for the 
Keewatin District afme Nimhwesl Territories, Baffin Island. Newfoundland and 
Labrador, and northeastern Quebec. where negative Icmper:nure anomalies 
prevailed (Figures 2 and 3), Annual precipitation was above normal in most 01" 
northern and western Canada (Figur-e.4). especially in southern Saskatchewan. but 
generally below normal in eastern Canada. 

British Columbia's summer months were cool and unsettled. but a 
warm dry Septcmber extcnded the growing season in many arcas , allowing fruit to 
marure. Farmers in the Frasl!r Valley were even ablc to pick a second strawberry 
crop, while the grain harvest was eumplcted earlicr than nomlal in the Peace River 
district with slightly above average yields. 

Ample precipitation from mid-Apri l and into the summer raised soil 
moisture levels across the southem Prairies to generally above nonnal values, 
resulting in a bumper crop year. On the down side , however. thcagrieulturll l 
community had to endure low marke t prices. 

In Ontario and Quebec, fall harvesting progressed well . Ontario com 
matured two to three weeks early, and the apple crop was abundant and of good 
quality , well above the five-year average. 

It wasabad forest fireyearin Quebec . By the end of August, Quebec 
reported 1089 forest fire s which had destroyed over 383 000 hectares offorest. 
The five-year mean for the same period is 9 13 tires with 43 400 hectares burned. 
With a dry summe r across the Maritimes , apples were smaller in size than nornlal 
and yields were down due to May fros ts . 

A combination of continuing rool weather and prevailing northwest 
winds, which began in April and persisted across Newfoundland and Labrador, 
hindered the northward retreat oflhe Labmdor ice pack. This year was one of the 
worst ice-years o n record on Canada's cast coast, seriously disrupting the fi shing 
slock.~ and season length , coastal ferry services and supply shipping to Labrador. 
In some communities, essential supplies had to be airlilied in. Early in the month 

40 Climatological Bulletin I 8uUetin climatologique 26(1), 1992 



FIGURE I . Mean 50kPn geopotcntial heights, year 1991 
(6 decametre interval). 
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FIGURE 2. Mean 50kPa geopotentiai lleight anomaly in 
decametra for 1991 compared 10 1951 - 19110 nonnal. 
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of August, the hellvy ice conditions along the Labrndor cO<lst finally receded 
allow ing the shipping season 10 begin some six 10 eight weeks later th.m normal. 

TEMPli RAT URES 

The year began with frigid Arctic air covering the we.~lem half of Canada . 
Temperatures during January were in the - 50"C range in the Yukon Territory, 
while - 4O"C minimum low temperatures were common across the Prairies. 

Numerous minimum low tcrnpemture records were broken. During 
the second week orlhe month, temperatures did an about face. With Chinook 
winds sweeping down the eastern slopes orthe Rocky Mountains, daily 
maximums jumped 40 to 60 degrees °C in the Yukon and Northwest Territories . In 
southe rn AJberta, the thermometer soared into douhle·digit va lues. 

Wann temperatures in February dominated the southern halfofthe 
country . Across British Columbia and the Prairies. many rct'ord-high mean 
monthly and dai ly maximum temperatures were established. AbbOlsford. B.C . 
recorded the highest daily maximum for Canada during the month with 19. ICC. 
just short of their all time high of20.6cC for the month . Across southern and 
centra1 Ontario, it was the warmest February for many locations since 1984. whi le 
in Quebec, ninety new daily temperature records were sci during the month . 

During the first week of March . cold Arctic air spi lled s(lUlhwards 
across the Prairies. Snow, strong winds and temperatures in the minus 25cC range 
r'dised the concerns of ranchers, as the calv ing season began. 

Record wann weather spread eastwards across the country early in 
April, sending daytime temperatures into the mid to high twenties. In Winnipeg , 
the frrst week of Apri l was the hottest since records began in 1872. AI Petawawa , 
Ontario the thermometer climbed to 29"C on April 7 , the highest tempcmhlre 
recorded during April 199 1 forthecoun!ry . 

During the firsl wcek of May. low temperature records were broken in 
southern Manitoba and Saskatchewan, including near freezing low temperature 
records in Saskatoon and York-ton, Saskatchewan, thai had stood for78 years. The 
Maritimes were stricken with a hard frost twice during the same week around the 
middle of May. The hardest hit area was the bountiful Annapolis Val ley of Nova 
Scotia. where 10 to 60 percent of the apple blossoms were frost biuen on the 
moming of the J 9th , and another 25 to 30 percent were damaged on the 23rd . The 
Gravenstein apple variety was totally lost while other soft crops such as blueberries 
and strawberries were injured by the freeze . 

Wann weather during the tasl three weeks of May led to rapid runoff 
from snowmelt. threatening ninc communities in British Columbia with severe 
nooding. The Cascade Mountains had snow packs over 60 percent above normal 
amounts, the highest since 1972. 

Ontariu and Quebec also e:'lperienced unseasonably wann weather as 
temperatures jumped into the 30°C range. I n southern Ontario. il was the warmest 
May on record for most locations from Kingston to Windsor. The city ofTuron!o 
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tied the record monthly mean temperature set in 1975 as the warmest May in 15 1 
years. 

During June, sunny and dry cundi tions in Ontario promoted the 
warmest spring season ever recorded in the province. Five ofttle first six months of 
the year were warmer than normal, while-the city of Toronto experienced the 
wannest first s ix months In lS I years of record , with a six month mean of2.rC 
above the 195 1- 80 normaJ. 

Across the Prairies ,lJ1d Ontario, warm and dry conditions prevailed 
during August. Between August 4 and 9. maximum temperatures rose 10 record 
high values as many locations in Albena recorded lempcmtures in Ihe 30°C range. 
The highest reading recorded was at Esther, Albena on August 10, wilh a scaring 
42AoC. By August 30, as the wann core moved eastward, Ottawa recorded the 
highest daily maximum of34.S"C for the month in Ontario, Toronto recorded the 
fo urth warmest summer since records were first taken in 1840. 

Cool unsettled weather across Newfoundland caused slow crop 
maturation during Augus!. The annual fall harvest ofbluebemes was less than 50 
percent ripe by the end of the month and the strawberry crop was not picked until 
late in August. September was cool and dreary as well. By the end of September 
the blueberries had finally ripened . 

On November 30. strong southerly winds gusting to as high as 111 
kIn!h pushed Icmperalures into the mid~tcens acrosssoUlhem Ontario, InToronto, 
the temperature reached 17 .boe toppling the 1908 record of 13 .9t>e. 

PII.ECIPITAI' ION, OROUGHTS I\I'o'D FLOODS 

The combination of wann weather and record monthly precipitation during April 
across southern and central Ontario caused some of the worst flooding in 60 years. 
especially alo ng the Trent-Severn Waterway, nonheast of Toronto. Muskoka, 
Ontario had the wettest April with records dating back to 1938 . Fanners in 
southern Ontario were un<lble to seed the saturated fields and lile most eJCtensive 
flooding since 1957 occurred along Quebec's Chaudiere River between April 7 
and i O. Over 1000 residents along the river had to be evacuated and flood damage 
surpassed 10 million dollars. 

During mid-May . serious forest fires occurred in northeastern 
Ontario . Two fires burned out of cOnlroi ncar Chapleau . . while a third blazed near 
Timmins. All were man-started but were assisted by dry ground litter, low relati ve 
humidities and low foliage moisture in conifers due to cold seasonal dormancy . At 
one point six water bombers were used to fight the fi res. More Ihan'7000 hectares 
o f forest were destroyed. 

For the month of May, Saskatchewan and Man itoba repurtcd a 
multitude of record high temperatures and thunderstorms. Dozens of tornadoes 
were spawned; fields and basemenls were fl ooded and the ground was pelted with 
hail. On May 28 , alleast nine tornadoes touched down in southern Saskatchewan. 
but with no loss of life . Near Swift Current, Saskatchewan, the ground wa~ 
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covered with 14 cm of hail , In Manitoba, on May 22, heavy rains of 100 and 150 
millimetres were reported in the towns of Rossbum and Foxwarren, resu lting in 
nooded basements, 

Across the Prairies, wet weather persisted inlO June, with numerous 
reports of funnel clouds and tornadoes in Alberta. During April, May and June, 
Regina received 329 mm of rain , surpassing the 1902 record of286 .7 mm. Some 
areas of Saskatchewan were inundated with up to 300 percent of their normal 
monthly amounts in Junc. 

From Ontario eastward, dry weather became a concern to the 
agricultural community as well as the forest industry . In southern Ontario, high 
temperatures and dry ing winds left potentially bountiful crops in dire need of 
moisture . The worst forest fires in almost half a century were burning along the 
north shore of the SL Lawrence River , The two principal fires located in the 
Betsiamites and Forestville areas of Quebec covered 1900 square km and 900 
square kIn, respectively. Across the Maritimes , the dry weather wh ich began in 
mid-May caused wel ls to dry up and river levels to drop well below normal values. 
Crops began to be stressed by the lack of moisture while some municipalities 
restricted the use of their water supplies , 

Dry , sunny weather continued into June across the Maritime 
provinces and caused it record number of fores t fires in Nova Scotia, dry wells, and 
record low lake and river levels. Farmers experienced dwindling yields offruils, 
vegetables , hay and silage . 

On August 19 and 20, Essex County, just south of Windsor, Ontario 
was inundated with up to 300 mil limetres ofrain, causing flooding and road 
washouts. Damage was estimated at one million dollars. 

More than 130 10m of rain drenched the lower mainland of British 
Columbia during the final week or August. causing sevcre nooding in the Howe 
Sound area. no rth of Vancouver. Washouts and flooding occurred af many points 
along the Squamish Highway between Vancouver and Whistler. At Britannia 
Beach. the highway was under)O COl o f water, as a norn13lly tranquil creek cut a 
new channel through the t{)wn , Hundreds ofpt!()pl e were forced to nee the ir 
homes. Footings on the British Columbia Rail line ncar Alta Lake were washed 
out , halting trains between Vancouver and Lillooel, Flood damage was estimated 
to be in the four million dollar range, 

In British Columbia, two major rainstonns between Oclober 8 and 14 
inundated the northern coastal area with well over200mm of min , wi lh somearea.'i 
receiving up to 340 rom, Raging floods stranded more than 1000 residents in Ihis 
remote area. A numberohmaU comnlUniliies along the Nass River. incl udi ng the 
towns ofGrecnvil lcandCanyon City, 140 km nonhwcstofTcrrace , were isolated 
for days until road crews could repair washed oul roads. On November 10 and I I , 
a slow· moving stonn, with winds !lusting to II Okm/h. waterlogged Nova Scotia , 
The hardest hit region was the southwest shore , where amounts as. much as 
154 mm of rain :It Liverpool were recorded . Halifax received 126 mm. A state of 
emergency was declared in Queen 's County. Due (0 extensive flooding of mads 
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and homes evacuations were necessary. 
November produced record minfalls of between 100 and 200 mm on 

British Columbia 's north coast. As well , snowfalls in excess of200cm were 
reported in northwestern British Columbia. Some mountain passes in British 
Columbia and the southern Yukon received almost 300 em of snow. 

S TORM S, 8l1ZZ A ROS , ANO TRO I'I CA I. STORMS 

On January 12, a major Atlantic storm intensi fied over Ncwfoundland waters 
producing 20-metrc high seas and a reponed wind gust of 169 km/h at 8 0navista . 
The stonn resulted in the sinking of a cargo ship , 400 km off the southeast coast of 
Newfoundland , claiming 33 lives. 

On February 14, a stann producing 15 to 25 cm of snow across 
southern Quebee resulted in the death of one person in thc Eastem TownShips. On 
the same day, heavy rain and lightning caused flooding and power outages in 
southwestern Nova Scotia. In Quebec on the 19th , freezing precipitation sOUlh of 
Quebec City resulted in a traffic accident which claimed three lives. Across 
Newfoundland , severa l winter stomls during the month caused bliZ?ard-like 
conditions, closing schools and highways . Winds reached 130 klll/h in some 
coastal communities. 

Tf'dditionally a fi ckle month across Canada, March of 199 1 was no 
exception . The Vancouver area fCl'e ived 15 to 25 em of snow wilh as much as 40 
em near Chill.iwack. east of Vancouver. Even in balmy Victoria . where flowers 
were already in bloom, 15 cm of snow blanketed the city. whi le outside fhe city. as 
much as 35 cm of snow was reported on the ground . On March 10. scattered 
thunderstorms across British Columbia's lower mainland spawned several funnel 
clouds and a tornado touched down at Pin Meadows, east of Vancouver. 
Tornadoes in this part of the country arc rare at any time orlhe year . 

Eastern Canada also experienced late winter slOm]!;. During the fi rst 
week of March . freezi ng precipi tation coated thc southern parts of Ontario and 
Quebec'. Some areas reponed up to 25 mm of ice accretion. 

Across the Maritimes several storms struck during the momh . On 
March 4 , up to 13 hours of freezing rain was reported in Sydney, while in 
Fredericton, freezing rain and icc pellets lasted alm08t 24 hours. The sto rm was 
onc of the most expensive on record for the Nova Scotia Power Corporation. 

On the evening of the 11th, a major stonn stalled just to the east of 
Cape Breton Island , N.S. Strong easterly winds aeross Cape Breton and 
Newfoundland pushed sea ice tightly against the coastline , <:ausing disruptions to 
sh.ipping and ferry services, Another storm on March 27 and 28 churned wind 
gusts in excess of 100 km/h across the southern pans orOmario and Quebec . 
Samia, Ontario recorded gusts up to 159 km/h. the highest winds ever reported in 
southwestern Ontario, with the second highest in the province at 161 km/h 
recorded at Ottawa 's Rockelifrc Airpon , on May II , 1959. 

During July, there were numerous severe weather outbreaks across the 
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country . Some notable events occurred when a tornado wa~ reported 55 km west of 
Prince George, B.C. on the 2nd, and also when golf ball-size hail peppered Red 
Deer, Albena, on thc 3rd. On the 18th, II violent stonn passed through Eriksdalc. 
Manitoba flattening 46 cm d iameter maple tree~ and movi ng 800 kg bales of hay a 
distance of 150 metres. A tornado ripped through a farm near Russell , ManilOba on 
the 21st, while in the Riding Mountain National Park area , there were reports of 
over 100 mm of rain in less than three hours causing creeks and rivers 10 overflow . 

O n the 18th , severe thunderstomls across northwestern Ontario 
produced torrential rdins and wind gusts up to 160 kml h, ri pping down 160 000 
hectares of mature fore st jUl':t south of Red Lakc , in less than half an hour. The area 
was the largest blowdown of trees in the history ofOnlario. representing five to 
seven yearsofwood to saw mills in the Kenoraarca. The mill ions of strewn trees. 
if left unharvested, could over the next few years become an e)l trcme fore st fire 
hazard. 

On August 19, Hurricane Bob moved up the eastern seaboard pat.'king 
winds of up to 220 kmth. As Bob m()ved into New Brunswick . the IItorm wall 
downgraded to a tropical stonn . Digby. N.S . reponed the strongest wind gusts of 
130 km/ h . Northern New Brunswick received the most rain , between 60 and 
100 mm. Elsewhere , 50 kru/h winds and 50 mOl rainfalls were common. 

On August 27 . an F3 tornado with wind.~ of250 to 330 kmJh cut a 
swath of destruction 75 to 150 metres wide along a distance of 1.5 km through the 
town of Maskinonge, Quebec. Damage was cstimated at 17 mil lion do llars. with 
no loss of life . A tornado of this magnitude occurs only about once in 15 years in 
this pan of Canada. On August 30, thunderstomls with winds gusting to 120 km/ h 
o verturned 16 aircraft at Gatineau Airport , Quebec . 

In southern British Columbia, winds exceeding 100 kOllh on October 
12 caused a plane to tlipovcrat Kamloops Airpon. On !he 16th . gusts to 156 km/h 
were reported at Vernon, B.C., causing considerable damage. while in the 
Vancouver area, two freightcrs collided as II result of dragging anchors , and a 
comme rcial passenger aircraft parked at Vancouver Airport was ptlshed inlO the 
side of a terminal building . 

During the latter half of October. six snowstonns dumped more than 
10 times the monthly normal o n pam of the Prairies. The central portions received 
the most snow during the month . recordi ng between 60 and 90cm by month'send . 
There were prolonged power outages and road closures as a result oflhesc s tonns. 

Between October 28 and 30, the Maritimes e)lpericnced a major 
windsto rm with gusts to 120 kro/h . There were poweroutagcsas well as reports of 
damaged fi shing boats. Hurricane force winds prevai led off the southeaslern coast 
of Nova Scotia . Averdge wave hei ghts were 17.4 m on the Scotian S lope. with a 
maximum of30. 7 m at the same location . A bulk carrier took o n water near Sable 
Island and a Japanese fi shing vessel lost powe r. Both returned safely to the pon of 
Halifax . 

On November 15 and 16, storm force winds in C)lcess of 100 klll/h 
ravaged the B.C. coast and to a lesser ex lent Ihe interior vatlcys . Solander, on the 
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exposed outer coast of northwest Vancouver Island. reported a maximum gust of 
17 1 km/h. and many other locatio ns reported gusts in CXCl'SS of 125 km/h . 

During the fi rs t wcek o f Decembcr, most of the country received 
heavy snowfalls. The mountain pa'ises o f the Yukon Territory and northwestern 
British Columbia had two heavy snowfalls. Whitehorse received 44.5 cm of snow . 
Numerous daily snowfall records were set between December 2 and 4, causi.ng 
transportation problems and avalanches. 

Across the Prairies, 20 to 3(1 cm of snow d uring the fi rst week gave 
accumulations near December monthly averages for many locations. On Baffin 
Island, blizzard conditions on Dcrember 5 paralysed the town of lqaluit fo r 24 
hours. Schools , offices and stores were all closed . 

Across southern and central Ontario. snow and frce7.ing rain catl.'led 
school closures and many powcr outages on December 2 and J . Yel another 
snows(oml on December 5 and 6 dumped another 10 to 20 em of snow on southern 
Ontario. 

Three snowstorms buried Ihe Maritimes with 35 1060 em of snow. 
Across Newfoundland , rain , freezing rai.n, snow and wi nds gusting to III km/h 
dealt hardship to public and marine concerns. 
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Book Reviews 
Compte-rendu de lecture 

Meteorological aspects of emergency response 
M.L. Kramer, WM. Porch, eds ., 1990. 
American Meteorological Society. ISBN 1-878220-00-4 . 1/9 pp . 

This AMS monog .... ph contains five contributions: 
Role of meteorology in emergency response. R..J . Engelmann and 

W.F. Wolff; 
Meteorological measurements in emergency response . 

T. V. Crawford ; 
Predictive meteorology in suppon of emergency response . 

P.E. Merilees, J . Pudykiewicz; 
Atmospheric dispersion model ing for emergency response. 
R .M . van Aalst ; 
The evaluation of emergency response trace gas ~nd dense gas 

dispersion models, M.H. Dickerson , D.E. Ermak . 

As you can see, two of Canada's best-known researchers have 
connibuted to this publication . 

In their introduction the editors inform us that these contributions are 
the invited presentations from a workshop on the meteorological aspects of 
emergency situations (such as equipment failure) . Eighty-fivespecialists attended 
the workshop . The five papers included here focus on imponant problems 
identified by researchers in the emergency-measures field: measurement. models. 
forecasting, and model evaluation _ 

The first paper discusses the role of meteorology in emergency 
situations. According to its authors. the primary goal of the involvementof 
meteorology is to reduce the level of exposure of the population to airborne 
hazards . They discuss the concept of level of exposure with a pecific example and 
emphasize that the meteorological expenise available must be varied and fiexible . 
Thus the meteorologist must be welllrained and be provided with the tools needed 
to face new and unexpected situations. The authors stress tht:: need for research 
aimed at improving forecasting of wind direction, particularly in the case of light 
winds, and of air movement in the presence of topographic obstac les and 
buildings. 
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Crawford discusses the question of meteorological measurements in 
emergency situations. Besides data on emissions. meteorological observations are 
essential in the estimation of levels of exposure and decisions on the necessary 
actions to be taken . The author first makes the distinction between climatological 
and meteorological data, then discusses meteorological factors important in 
emergency situations: wind , turbulence and diffusion. the mixing layer. and 
deposition . The author then specifies the criteria which measurements of these 
parameters must meet and indicates the level of precision required . He emphasizes 
procedures for quality control and finishes by considering future developments. 

Merilees and Pudykiewicz use the Chemobyl accident to demonstrate 
the role of forecasting in emergency situations. The impact of such an event is 
examined at micro-, meso- and macro-scale. The authors define the problem for 
each of these scales and employ the case of Chemobyl to illustrate the use of the 
available tools. They close with some observations on the current system of 
forecasting and some thoughts on future considerations . 

In his paper van A.lst deals with dispersion modeling for emergency 
situations. Heestablishesobjectives and requirements for the models and provides 
a general classification scheme for them . He discusses the case of the Chemobyl 
accident, for which he presents the results obtained from three different models. 

The final contribution concerns the evaluation of the dispersion 
models used in emergency situations. Dickerson and Ennak deal first with various 
aspects of the models, particularly their objectives , accuracy and uses . The clear 
description of these aspects allows a fuller understanding of the difficulties 
involved in evaluating the models. The authors present two types of statistical 
techniques used in evaluating performance. " difference" methods and " ratio" 
methods . Next they discuss the evaluation of real -time models; the results are 
based on experimenls done with trace gases . A final section concerns the 
dispersion of heavy gases, and the paper closes wi th recommendations on the 
development of "expected performance criteria" needed in more systematic 
evaluation of the models . 

This monograph covers a number of complex topics ranging from 
synoptic-scale forecasting to the dispersion of heavy gases . The models and 
techniques used by each of the specialists have little in common apart from their 
overall perspective. Ln stark Conlrast. in an event leading to an emergency 
situation , everyone is confronted with one and the same problem and at thai 
moment the integration of techniques and capabilities becomes absolutely 
essential . The lesson we must learn from this monograph is the necessity to work 
towards a close collaboration berween the various persons and agencies involved 
in these situations. 
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Meteorological Aspects of Emergency Response 
M.L. Kramer. WM. Porch, eds .. 1990. 
American Meteorological Society. ISBN 1-878220-00-4 . 119 pp. 

Cette monographie publiee par rAMS comprend 5 textes . soil: 
Role of meteorology in emergency response. R.J . Engelmann . 

w.F. Wolff; 
Meteorological measurements in emergency response. 

T. V. Crawford ; 
Predictive meteorology in support of emergency response . 

P.E . Merilees. J . Pudykiewicz; 
Atmospheric dispersion modeling for emergency response . 
R.M. van Aalst; 
The evaluation of emergency response trace gas and dense gas 

dispersion models , M.H . Dickerson. D.E. Emlak . 

Comme vous pouvez Ie constater. deux de nos mei Ileurs chercheurs au 
Canada ont contribue a cette publication . 

Dans leur presentation, les editeurs nous apprennent que ces textes 
sont les presentations des conferenciers invites lors d'un atelier portanl sur les 
aspects meteorologiques des situations d'urgence (comme un accident 
technologique) auquel ant participe 85 specialistes. Ces teXlCs s'interessent aux 
aspects importants identifies par des chercheurs oeuvrant dans Ie domaine des 
urgenees soitla meSUfe, les modeles, la prevision el I'evaluation des modeles. 

Le premier texte discute du role de 1a meteorologic en situation 
d'urgenceet selon les auteurs. Ie but premier de "utilisation de la meteorologie est 
de riduire !'exposition (reduction de la dose) . Les auteurs discu tent de la notion de 
dose a I 'aide d'un exemple et ils insistent sur Ie fait que les capabilites de la 
meteorologie doivent etre varices et flexibles . Ainsi. Ie mCltorologiste doil' etre 
fonne et doit avoir a sa disposition des oUliis lui pennettant de faire face it des 
situations nouveUeset inedites; selon les auteurs , il est necessairede poursuivre les 
recherches dans Ie but d'ameliorer la prevision de la direction du vent (par vent 
faible) et celie de I'ecoulement en presence d 'obstacles (topographie , batimenls). 

Le texte de Crawford discute des mesures meteorologiques lors des 
situations d'urgence. Tout autant que les donnees relatives aux emissions, les 
observations meteorologiques soot essentielles si on desire evaluer les expositions 
et prendre les actions qui s'imposeD!. L'auteur fait tout d'obord 10 distinction entre 
les donnees ciimatologiques et les donnees meteorologiques puis il disc ute des 
processus mc':teorologiques significatifs lors de lelles situations soit Ie vent, la 
turbulence et la diffusion, la couche de melange et la deposition. Pour ces 
parametres J 'auteur enonce ensuite des criteres que doi vent rencontrer les mesures 
et il indique los niveaux de precision requis. Fina/ement, il insiste sur les 
procedures de contrale de la qualite et il tennine avec des considerations sur les 
developpements futurs du probleme. 
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Dans leurtexte , Merilees et Pudykiewicl utilisent I'accident de 
Chemobyl pourdemontrer Ie role de la prevision en si¢uation d'urgence . L' impact 
d ' un tel evenemenl a ete examine selon trois echelles soit la microechelle. la 
mesoechelle et la macroecheUe. Les auteurs definissentle probleme pourchacune 
de ces echelles puis se servent du cas de Chemobyl pour montrer I' utilisation des 
oUlils dont on dispose. lis leoninent par des remarques sur Ie systeme de prevision 
actuel et des considerations sur les developpements futurs . 

Le texte de van Aalst discute du probleme de la modelisation de la 
dispersion pour les situations d 'urgence. L'auteuretablit les objectifs des modeles 
puis discute des spCcifications qu 'Us doivent rencontrer et il donne une 
classification generale des modeLes. n discute du cas de I'accident de Chemobyl 
pour lequel il donne des resultats obtenus it partir de trois modeles differents. 

Le dernier texle s'interesse a I'evaluationl des mode.les de dispersion 
employes en situation d ' urgence . Les au teurs precisent tout d'abord divers 
concepts relatifs aux mode.les soi t leurs objectifs. leur precision et leur utilisation . 
Ces concepts , clairement etablis. permettent par la suite de mieux comprendre les 
difficultes reliees a revaluation . Dickerson el Ennak presentent deux categories de 
techniques statistiques employees pour evaluer la pe(fonnance soil celIe de la 
difference el celie du rapport . lis discutent ensuite de techniques pour evaluer les 
modeJes en temps reel ; les resultats sont bases sur des experiences menees avec un 
gaz traceur. Les auteurs consacrent fmalement une de'miere section it la dispersion 
des gaz lourds puis tenninent par des recommandations sur I'evaluation des 
modeles (definition et evaluation de eriteres de perfonnance) . 

Cene monogrdphie fait Ie tour de domaines tres complexes qui vont de 
la prevision it grande echelle it la dispersion de gaz lourds . Les modeles et 
techniques employes par chacun des spCcialisles n'om souvent ricn en commun. 
lout aulant que leur preoccupation respective . Par COlrllre. lors d'un evenement 
conduisant a une situation d ' urgence. taus sont confrontes it un seul et meme 
probleme et c'cst a ce moment que I'integration des moyens et des habiletes est 
for!ree de se faire . La le~on que nous pouvons tirer de:: celte monographic est 
I'obligation de jeter les bases d ' une etroite collaboration entre les divers 
intervenants impJiques lors de leIs evenemenLS. 
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News and Comments 
Nouvelles et commentaires 

COMMENTS ON GCM's AND THE MACKENZIE VALLEY 

SHOULD IMPACfS RESEARCH WAIT FOR CERTAINTY? 
Stewan J, Cohen 
Canadian Climate Centre 
Downsview, Ontario M3H 5T4 

The recent paper by Stuart and Judge (1991) compares the outputs of three General 
Circulation Models (GeM) for the Mackenzie Valley, and concludes that there are 
errors in regional scale simulations of the current average climate. The authors go 
on to state that GeMs should not be applied to any social or economic impact 
analysis of the Mackenzie Valley for fear of undermining the credibility of global 
warming research, and that "the commissioning of detailed socio-
economic studies using only GeM-based scenarios of climate change is 
premature." 

This argument has already been raised on various occasions . 
Proponents have said that we need to wait for more certainty in the science before 
policy issues, including limitation and adaptation strategies, should be considered 
by governments, business and other stakeholders. The attention given by funding 
agencies to research on reducing scientific uncertainties related to global wanning. 
without comparable funding for socio-economic impact studies, is a reflection of 
considerable support for this point of view . 

Others have noted that the use of GeM-based scenarios creates a 
distraction away from important issues related to impacts and adaptation, and that 
impacts research should develop an alternative, such as temporal or spatial 
analogues, risk assessment and sensitivity analyses based on probabilities of 
exceeding critical thresholds for the sector in question (e .g. agriculture) . 
Unfortunately , aIJ of these approaches contain shortcomings of their own, so the 
" uncertainty " problem wiu not be resolved just by finding an alternative to 
GeMs . 

I think it is important to remind ourselves that global warming exists as 
an issue because of the GeM simulations of future climates with a doubling of 
atmospheric concentrations of carbon dioxide . GeM simulations have been 
important factors in the creation of the Intergovernmental Panel on Climate 
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Change, in the national impacts studies recently completed in the United 
Kingdom . Australia, New Zealand and the United Stales, in sectoral studies (e .g. 
agriculture , waler resources), and in the negotiatio ns on a global convention on 
climate change. In al l of these cases, uncertainties have been noted, and many 
different approaches to developing regionaJ scenarios from GeM simulations have 
been uied. In fact , I have argued that in order to meet the challe nge o f regional 
impact studies (Cohen . 1990) , we need a standard approach to developing 
scenarios so that it would be possible to compare results among impact studies 
using the same GeM (Cohen , 1991). 

made: 
Regardless o f the approach used , however. several points should be: 

I . Socio-economic impact studies are needed now because govcrnmentS 
w3ntto know what global warming means to their jurisdictions: 

2. GCM-based scenarios should be included in aJl impact srudies 
because they enable these studics to build bridges between g lobal 
warming science and a wide range of policy issues related to 
adaptation. 

3. Studies should use more than one global warming scenario 
(GeM-based and othen;) so that consumers oflhis infonnation 
(scientists, policy makers, stakeholder.> , etc .) will see the 
uncertainties expressed in tenns of impacts. not degrees Celsius. This 
wiJI demonstrate regional sensitivities to global warming within the 
context of the besl available information provided by g lobal warming 
science. 
The Mackenzie Valley is within the study area of the Mackenzie Basin 

Impact Study (MBIS), supported by the Government of Canada's Green Plan and 
other sources. MBIS will consider four scenarios. Three are based on GeMs. The 
fourth is a temporal analogue derived from instrumental and pro~y data sources. 
Whelher or not the impacts from thc.o;e scenarios will be the same is not the 
important question . It real ly boils down to fill ing an information gap between 
global warming science and regional policy concerns at a time when long lenn 
issues are being considered. These include inteJjurisdictional water resource.~ 

agreements, native land claims, transfer of responsibi lities from national 10 
regional governments, and investments in infrastructure and new economic 
development opportunities. Many of these are long term planning . investment, 
management and political is. .. ucs which contain elements that may be affected by 
climate change. These long term decisions are being made now. with information 
that is available today. 

Should the scientificcommunily wail for eenaimy before providing its 
voice to the debate on the future of Canada 's north and other regions? When will 
we achieve "certainty?" Shoold governments, industries and the public consider 
g lobal warming in light of the best information available, or "no comment?" If the 
scientific community says " no comment," olher voices may come to dominate the 
debate. 
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Those that believe that global wanning will or may happen are likely 
to accept scenarios as scenarios, and learn from the experience of looking at the 
future differently from the past. Efforts to improve GCMs, Limited Area Models 
and regional climate data bases should continue to be supported, but if global 
warming research is not interpreted in regional , environmental and human tenns, 
there will be an information gap between scientists and stakeholders 
(governments, industry , the public). Who will fill that gap, and with what? I would 
suggest that impact researchers are best suited to do so and that GeM-based 
scenarios are one of several tools that need to be used to deliver credible analyses. 
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Comments on "On the Applicability of GeM Estimates to Scenarios of Global 
Warming in the Mackenzie Valley Area", R .A. Stuart and A.S. Judge, 
C.B. 25(3) ,147- 169. 
David Etkin 
Canadian Climate Centre 
4905 Dufferin Street 
Downsview, Ontario M3H 5T4 

In this paper the authors review the climate of the Mackenzie Valley and compare it 
to three second generation GeM 's. They note significant differences between 
modellxC02 climates and the observed climate, and between the model climates 
themselves, both in a I XC02 and 2XC02 mode. Their observations are quite valid; 
it has often been noted that model climates differ from observed climates and from 
each other. These differences may well be in part due to cloud related processes as 
discussed by the authors, but are almost certainly also associated with differences 
in the treatment of the oceans and other parameterizations and feedbacks. There 
are other observations the authors could have made as well, to argue that the 
2XC02 GeM's will not look like a 'true' future climate (e.g. the GeM 2XC02 runs 
are equilibrium climates, unlike the real system which is in a transient state, or that 
they are not realistically hooked into the ocean system). Unfortunately, some of 
the conclusions that the authors derive from their observations do not follow, as 
they fail to distinguish between useful concepts of prediction and scenarios. 
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The authors point out the 'failure' of the models 10 simulate current 
climate accurately, and the large 'errors ' associated with them. Wh ile this is true, I 
wou ld argue that on a larger scale the models are very successful indeed, and il is 
their successes which al low for them to be treated as useful tools in climatechange 
studies. Climate prediction 0(1 a regional scale is a challenging task indeed (in fact, 
it is very challenging even on a hemispheric scale!). and no modeHer would 
pretend thaI such capabilities exist at this time. Users need to be, and generally are, 
aware of this. What the current crop ofGCM's provide are internally consistent 
model climates which can be used to provide a sct of scenarios of future climate 
change. I have occasionally been cri tical of impact studies based on GCM 
scenarios for reasons similar 10 those outlined by the authors; however, the 
question 'What does climate change mean to us?' cannot be avoided and has the 
force of inevitability. There is no really satisfactory way to answer this question, 
and therefore it has to be addressed obliquely. GeM climate scenarios , possibly 
along with other types of scenarios, have the potential of being used to provide 
some sort of bounds to the climate change problem, of placing sensitivity studies in 
context, or of providing impact scenarios that areuseful from a policy perspective. 
As well , many risk analyses are scenario based. 

it is not possible to provide'meaningful quantit:ltiveerror bounds on 
climate predictions, and when considering the impacts of climate change on a 
variety of physical, ecological or socio-economic systems, uncenainty 
compounds in complicated and non-linear ways. Nevertheless we do know thai 
mankind is altering the climate system of the planet, and it is important to develop 
methodologies which attempt to assess what it all means. It is far less satisfying to 
do this within the context of scenarios than within the context of accurate 
prediction: nevenheless, uncen ainty is something we have to learn to live with. 

In a conversation with Dr. Judge, subsequenlto reading the paper, he 
e mphasized that the purpose of the paper was to show that GCM outputs may not in 
many cases (1 would argue ' in any cases') be used to prcdict the rate and degree of 
wanning at different locations. The authors achieved their goal, though they did 
not demonstrale that usefulness does nOI exist from a scenario perspective. The 
authors would have written a more balanced paper, though, had they not only 
critiqued certain types of impact studies, but also acknowledged their strengths 
and usefulness. and proposed alternate methodologies . 
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MACKENZIE BASIN IMPACT STUDY (MBIS) 

The Mackenzie study is one of several projected within the Global Warming 
Science Program of the federal government's environmental action plan , known as 
the Green Plan. The Minister of Environment announced the Program on January 
27, 1992. Stewart Cohen of the Canadian Climate Centre is the Project Leader for 
the MBIS (Phone: 416-739-4389; Fax: 416-739-4297) . 

The MBIS is now in its second year of activities . Support has been 
provided so far for studies of runoff, Peace River ice, agriculture, wildlife 
response to burns, resource accounting, tourism, permafrost, freshwater fisheries 
and tree line ftre . We hope to have our fust interim report completed at the end of 
1992. 

STATUS REPORT 

S. Cohen 
Canadian Climate Centre 
Downsview, Ontario M3H 5T4 

GREAT LAKES-ST . LAWRENCE RIVER BASIN PILOT PROJECT 
ON RESPONSES TO THE IMPACTS OF CLIMATE CHANGE 

BACKGROUND 

Initial impact studies sponsored by the Canadian Climate Program identified the 
potential social, economic and political con.equences of global warming on 
Canadians. In order to develop effective policies and response slrdtegies on a 
regional scale, it is now necessary to conduct second genenllion, integrated impact 
assessments which will consider the interactions of various economic sectors 
within a region under a warmer climate. The Canadian Climate Centre has initiated 
a project on the response to climate change in the Great Lakes-SI. Lawrence Basin. 
This project is part of the Green Plan initiative - " Reducing the Uncertainties" 
with a target of " Maintaining Global Environmental Security". The project will 
be binational and it will build upon impact studies already completed in Canada 
and the United States, and will develop new approaches to global wanning at a 
regional level. The study area will include the Great Lakes Basin and the SI. 
Lawrence River Basin above Trois Rivieres . This project will have a strong policy 
orientation and its scope will include identifying actions to minimize future 
impacts and to take advantage of opportunities that arise . 

ACTIVITIES 

i. Prepared a draft project plan; 
ii . Initiated contacts and discussions for potential partnerships with Canadian 
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government organizations, individuals, academic institutions and industry; 
Ill. Initiated discussions with American interests to develop a joint Canada-U.S. 

study framework and project plan; 
iv. Contracted studies on: 1) a review of climate impact assessments in the Great 

Lakes-St. Lawrence Basin and an inventory of current relevant research in the 
Basin; 2) a preliminary investigation of the climate change-economy link; 

v. Prepared a paper on the project plan for presentation at the annual meeting of 
the American Association for the Advancement of Science; and 

vi. Participated in workshops to develop climate cbange scenarios for the 
study basin . 

Linda Monsch 
Canadian Climate Centre 
Atmospheric Environment Service 
4905 Dufferin Street 
Downsview, Oncario M3H 5T4 

INTERNATIONAL CONFERENCE ON IMPACTS OF 
CLIMATIC VARIATIONS AND SUSTAINABLE DEVELOPMENT 
IN SEMI-ARID REGIONS 
Fortaleza, Brazil 
January 27 - February I, 1992 

The above conference, known as lCID, was organized by the Esquel Group 
Foundalion, a Brazilian NGO with links to similar autonomous groups in other 
Latin American countries. The purpose was (0 attract world aneotion to the 
problems of semi-arid regions, and to provide input to PREPCOM3, the last 
preparatory meeting before the United Nations Conference on Environment and 
Development (UNCED) . 

The ICID international advisory committee included P. Usher 
(UNEP), H. Ferguson (Geneva), M . Parry (UK), M . Glantz (US), 1. Hardoy 
(Argentina), W. Degefu (Ethiopia) and L. Heathcote (Australia) . ICID was 
organized and directed by A. Magalhaes (Brazil), and supported by the 
govenunents ofCeani State and Brazil, as well as UNEP and others. 
J. Goldemberg (Brazil) and other Brazilian (federal and Ceara State) politicians 
participated in the opening and closing plenary sessions . 

There were about 600 participants from more than 40 countries, with 
about 80% from Brazil. Other participants from Canada were E. Wheaton 
(Saskatchewan Research Council) and T. Meredith and L. Dupigny (McGill). 
Several UN agencies (FAO, UNEP, UNCDF) were represented, along with 
research institutes that have extensive invo1vement in tropical semi-arid regions, 
partiCUlarly the Sahel and Northeast Brazil . Most notable were ORSTOM and 
CIDAC from France, and several research groups from Germany . A number of 
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climate impacts researchers and program organizers were present, including: 
M . Glantz, J . Topping, N. Rosenberg, P. Morrisette, B. Easterling, D. Wilhite 
(all U.S.), T. Downing (UK), Z.-c . Zhao (PRC) , N. Ninh (VietNam), S. Panturat 
(Thailand) , y. Izrael (Russia), S. Huq (Bangladesh), T. Farago (Hungary), 
A Subramaniarn (India) and L. Heathcote (Australia). 

Last July, J was invited by the organizing committee to participate in 
ICID. Ian Burton and Elaine Wheaton (via Jag Maini) were also contacted. After 
some discussion, we agreed to submit two papers: a) Adapting to Global Warming: 
Regional Options (Burton, Cohen), and b) Prairies Case Study (Cohen, Wheaton, 
J. Masterton) . I coordinated and edited both papers, and they were reprinted and 
translated by ICID staff. I presented the adaptation paper while E. Wheaton and I 
were co-presenters of the Prairies case study. 

The agenda included theme papers, case studies (many were from the 
Sahel and Northeast Brazil) and working group discussions. The 10 working 
groups were each restricted to 5-10 selected participants. The conference 
statement, entitled the "Declaration of Fortaleza" was first drafted by a small 
committee led by Ambassador J. Yriart (Uruguay) and modified by worIcing­
group representatives (chairs or rapporteurs) . 

More than fifty papers were presented, including the two I co­
authored. Topics included impacts of variations and extremes, impacts of 
scenarios (3 papers: "MINK" region of the US , Mexico, Canadian Prairies), and 
development of agriculture aod water development projects , particularly in the 
Sahel and Northeast Brazil . Y. Izrael reviewed the IPCC Working Group n report . 
There was also considerable interest in V. Rodrigues' (Brazil) paper on 
desertification in Northeast Brazil, and M. Glantz's provocative essay , "Drought 
Follows the Plow." 

There appeared to be genuine concern about global warming, though 
the focus oflCID was more on existing problems. Forexample, N. Rosenberg and 
P. Morrisette of Resources for the Future met with the Governor of Ceara and 
Esquel Brasil Foundation to discuss a new climate impacts study of Northeast 
Brazil, following the methodology used in the MINK study . Planning for this had 
been initiated several months earlier. 

Recommendations were included in both the Working Group reports 
and the Declaration of FortaIeza, with a focus on semi-arid regions, particularly in 
tropical and sub-tropical zones. When tf)ey are revised, they will list the following 
needs: a) broad social and political cbanges, b) land tenure refonn and agrarian 
reform, c) compensation for narural and synthetic derivati ves of genetic resources~ 
d) greater participation and decentralization in planning, management and 
decision making, e) new investments from multilateral development agencies, 
o education and extension services, g) technology transfer, b) integrated 
monitoring, i) integrated regional impact assessment, j) establishment of air 
quality standards, k) development of small energy systems for rural areas, and 
I) establishment of research networks focussing on problems of the semi-arid 
regions . 
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Following the conference, I participated in a one-day field trip to the 
interior of Northeast Brazil. Our group of about 100, led by A. Magalhiies, visited 
a dam in Quixada, completed in 1906 (after 22 year.; of construction) . We also saw 
a fish hatchery near the dam, examples of local landscape and farming practices 
(including burning to prepare fields for planting). The final event was a music 
show in Caninde, held near a huge outdoor amphitheatre which had been built as a 
public works project to reduce unemployment during a recent drought. 

The semi-arid regions, particularly the Sahel and Northeast Brazil, 
want a strong message sent to UNCED about their needs for sustainable 
development. During the final plenary, J. Goldemberg noted that UNCED could 
be a forum for denunciations, demands without compromises, and debates over 
the Amazon. He is hopeful that UNCED can be a catalyst for sustainable 
development, but believes that new rules and directions are needed regarding 
technology ttansfer, energy use, financing, access to water and other resources, 
and application of scientific information. 

I do not know what effectlCfD could have on PREPCOM3, the debate 
on trace· gas emissions or UNCED itself. ESQUEL Foundation , organizer of (CfD, 
has established a network in many Latin American countries and strong links with 
Sahelia.n countries and researchers in France, Germany and the U.S. I do not 
believe that semi-arid regions of the developing world are looking for "handouts" 
from developed countries. Rather, they are anxious for new rules and new 
partnerships SO that they can fmd their own way to prepare for the furure . 

S. Cohen 
Arctic Adaptation Division 
Canadian Climate Centre 
Downsview, Ontario M3H 5T4 

THE CLIMATE DIAGNOSTIC RESEARCH GROUP 

The Climate Diagnostic Research Group (CDRG) was formed about five year.; ago 
by John Knox and Kaz Higuchi, after consuming a few beers over lunch at a 
Mexican restaurant north of the AES Headquarters. We wanted to bring together a 
rew individuals in the Canadian Climate Centre (CCC) and the Atmospheric 
Research Directorate (ARD) in AES who had expressed a common interest in 
conducting climate and climate-related research using historical data. We wanted 
to increase our knowledge and understanding of the climate system by performing 
diagnostic srudies on it. 

At the beginning, the Group was basically composed of Kaz Higuchi 
(ARD), John Knox (CCC), Amir Shabbar (CCC), and Neil Sargent (CCC). The 
Group provided a vehicle and a forum for discussion on scientific problems related 
to climate dynamics and evolution , as well as for initiating scientific projects. The 
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Group'S initial small size and the common scientific interest of the individual 
members proved to be very productive and successful. Under the name ofCDRG, 
we published ourfust paper in the AMSJournal o/Climate in 1988. A number of 
interesting papers in other scientific journals foUowed . What has been very 
pleasing in this respect was that the group constituted an ad hoc gathering of 
individuals who performed these climate diagnostic research activities on a pan­
time basis, but with sharing of duties . Furthermore, since the Group has had no 
"formal" recognition of its existence. its function was not organized . There is 
nothing like organized science to kill scientific initiatives and curiosity. not to 
mention crazy ideas . We aUowed ourselves the lUXUry that interest and curiosity be 
the guide to our scientific exploration. We met quite frequently but irregularly. 

Very recently the nature of the Group has been transformed . The 
Group is now used as a forum for scientific discussions on matters related to 
physics and chemistry of the atmospheric component of the climate system. The 
membership has also expanded to about twenty, mainly from ARD and CCC, 
consistent with the above new theme of the Group function . Furthermore, the 
Group now meets on a regular basis (once every month) , and is also used for 
"current climate discussion". The group is no longer used formally as a vehicle for 
discussion on technical details of Group projects . Such meetings on projects are 
now organized. on a need-ta-meet basis by those members involved. However. 
CDRG meetings are used most appropriately as places to repon progress on 
various scientific projects carried out with Group participation. 

The group would like to expand its basis of information exchange and 
scientific coUaboration . We would like to establish a communication network with 
other Canadian researchers who are directly involved in climate data analysis, and 
to explore the possibility of organizing a short (perhaps 2 days) "symposium" on 
climate diagnostic work sometime in the very near future . We can then use a 
Canadian journal of climate (such as Climatological Blllletin) to carry the results of 
such a gathering. 

Kaz Higuchi 
John Knox 
Climate Diagnostic Research Group 
Atmospheric Environment Service 
4905 Dufferin Street 
Downsview, Ontario M3H 5T4 
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THIRTEENTH INTERNATIONAL CONGRESS 
OF BIOMETEOROLOGY 

THEME: Adaptations to Global Atmospheric Change and Variability 

The Convention Centre, Calgary, Alberta, September 12- 18, 1993 

The International Society of Biometeorology announces its 13th Congress, which 
will address issues of humans , animals, plants, invertebrates, and microorganisms 
in relation to climatic cbange and variability. Interactions related to health and 
disease, production and performance, dwelling, architecture, clothing, energy and 
transport will all be within the scope of the congress . 

We invite you to attend and participate in this timely and important 
international congress. Plans are underway to make the congress a scientifically 
and socially rewarding experience. It is not too early to make your plans now for 
the thirteenth international congress ofbiometeorology in 1993. 

For further information , please write to: 

ERRATA 

Dr. N.N. Barthakur 
Secretary, Organizing Committee 
Department of Renewable Resources 
McGill University - Macdonald Campus 
21,111 Lakeshore Rd. 
Ste-Anne-de-Bellevue, Quebec 
H9X ICOCanada 

Phone: (514) 398-7938 
Fax: (514) 398-7983 

In the article by J. Bursey and R. Sbaw on " The representativeness of precipitation 
measurements on Canadian East Coast drilling platforms" in Climatological 
Bulletin , 25, 3, December 1991 : 131 - 146, the following corrections should be 
made: 

Column 3, Table 6, p. 143 should be headed " PLATFORM/ST. 
JOHN'S". 

Column3 , Table 7, p. 144 should be headed "SAME POPULATION 
AS ST. JOHN 'S?" 
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