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Foreword / Avant-Propos 

In Volume 20 Number 2, I reported DEl Ihe grant Ihal Climm%g(m/ Bulletin 
had received from the Nat ural Sciences and Engi neering Research Council to 
help offset our operating costs. At the annual CMOS Congress held last June in 
Regina, CMOS Council approved the establishment of vall/mary page charges 
for re.fI!orch aT/ides anti noles, submitted ancr Volume 20 Number 3 (this issue) 
is published. All other submissions, such 3.<; news, comment!!, book reviews, 
etc., afe not affected. The voluntary charges are necessary SD tha t CMOS can 
k.eep subscriptio n prices at present Icvell'i. Authors who pay the voluntary 
charge will receive 25 frec reprints. This pol icy is comparable 10 that of 
Atmosphere-Dc-'eall, and is printed in the Info rmation fo r Contributors. 

At this lime, I'd like 10 ex tend my sincere thanks to two Editorial 
Board members whose terms have expired, Dave Phillips and John Powell. 
Both individuals were also associated with the interim board which kept the
Bulletin operati ng from 1982- 1984 during the move rrom McGill University to 
CMOS. New appointees will soon be announced by CMOS Council. 

S ICW(IT/ J. Cohen 
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La regionalisation des climats 
thermiques du sud du Yukon 
Dalliel Lagnrec 
Depa rtement de Gcographie 
Univcrsite d'Otlawa 
[Manuscril re~u Ie 31 oetobre 1985; revise Ie 16 rnai 1986] 

l cs C'Jraclhist iques thermjqll~ du cl imat clu Sud du Yukon son! ctudiees par l'analysc 
en composunlcs principalcs de 29 lIariables pour 27 stat ions silUccs entre 60 ct 65 dcgrfs 

de latitude Nord ci entre 29 el 141 dcgr6.~ de longitude Oues!. La manicc originalc a Nt 
rCduile a 3 compo-wnleS principaics cxpliquant 92% de la variance. Lc groupemcnt des 
notes raclOrie ilcs ()btcnues a ptrmis la regionalisalion de J'cspacc t l udi ~. Dans un 
premier tcmps npres ['elimina tion de Klo nd ike el Keno If ill lTOp differtnts, 3 sous

ensembles sonl formes donI un principal de 19 stat ions qui est forme de J groupes plus 
peti ts. A chaquc clare de la proc~dllrc. Ics composant~ I eI 3 sontles plt1~ 

diseriminanles. Au tolal, 5 sous-cnscmbl~ ho mogcncs ont ele formes. 

L 'apparente compJexite de 13 struc!Ure sp3liale du champ de temperatures 

rcsultc du comportement des gradients saisonniers. Pendant les saisons de trans it ion, Ics 

temperaturcs dccroisscnl a la f" is avec la latitude (;l I'alt itude alors qu'en ete et en hiver 
la presence d'inVl!rsions Ihcrmiques parfois Ires !ocalisces es t un raeteur imporulOt 

d·htu~rogtnei le . 

SUMMARY 

A study of thermal characteristics of the cl imate of Southern Yukon has been 

perfo rmed through a principal componelll a nalysis of 29 variahles for 27 stations 

located betwcen 60 and 65 degrees North and between 129 and 141 degrees West. The 

o riginal matrix has been reduced to 3 component!; HIking into account 92% ort he 

variance which have been used for a elust.; r a nalys is. Aner discarding Klondike und 
Keno Hi ll which arc poorly related to the other.;, 3 sets were rormed including a main 

o ne of 19 ~ullions resulting fr om the cluslering of J smaller ones. For cach step, 

components I and J were the most discrimin:wt. In the end, 5 homogenous sub-sets or 

areas were defined. 

The apparent complexity of tempcratun:'s spat ial st ructure n:sul ts rrom the 

hchavior of seasonal gradients. D Uring transition seasons, temperatures deerense both 
with l(l titude and ai tilllde, whi le in sum mer and in winter, thermal inversions SOllletimes 

alfe.;t ing o nly small areas are an importafll ractor of heterogeneity. 
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INTRODUCT10N 

Le climal de l'Ouesl Canadien el de l'Alaska c..'It condition rlc par Ie 
comportement d'une grande cellule de basse pression subpola ire. la depression 
dcs AU:outiennes, pendant occidental de la depression d'Islande, qui s'c-tend 
vers I'Est jusqu'au Golfe d'A laska pendant les neuf mois Ics plus froids de 
I'annee et. 5e deplace vers Ie Nord pour s'installcr sur l'A[aska en ele. E[le cst 
alars remplaeec sur Ie Golfe par un sysleme de hame pression qui se renforce 
en juillel el peut alors s'ctendre jusque dans la partie meridionale de l'A laska et 
du Yukon . Ce. renversemenl d'influence se tradu it par une farte variation dc [3 
frequence des masses d' .. ir arctique entre 60 et 65"N dans Ie sud du Yukon sllr 
Ie versant oriental des Rocheuses (Bryson el Hare, [974). 

O'aprcs les carles de Bryson el Hare, It: Yukon est verilabh:menl 
coupe en deux. vers Ie 65e paralli:le: au Nord I'influence de I'air arctique dure 
plus de 6 mois et au Sud eJJe diminLle jusqu'a I a u 2 mois vers Ie 60e paral h':le, 
la transition entre les 2 zones etant tres bruta le. 

Plus recemmenl, Wendland et Bryson (1981) dans Icur etude des 
masses d'air de I'hcmisphhe nord modifient sensiblement cette image 
principalcment en rMuisant fa 5 mois l'influcnc;e des masses du Nord Pacifique 
dans In partie meridionale et en introduisanl une masse Klondike hjvernale 
d'une durce d'environ ] mois centree sur la frontiere Yukon-Alaska. 

Noi re objCd if est de determiner comment se distribuent 
spatialemcnt les dilTerentes influences el que! cst leur impact sur Ie; 
caracteristiqucs thermiQues du Sud du Yukon entre les 60(: el 65e parallelcs. 

Kendrew el Kerr ( 1955), dans leur clUde du climat de la Colombie 
Britannique et du Yukon, distinguent pour 1a zone considcree 3 regions: au 
nord de la latitude 61"3(Y approximativcment, Ie "CenlraI Jnterior" et au sud 
debordant en Colombie Brit:tnnique, Ie "Sou th West" et Ie "South East" 
scpare.<;. par Ie i32e meridien. Mais leur travail cst base sur un nombre restreint 
de stations (12) aux donnees souvent limitccs CI incompletes et comme Ics 
auteu rs Ie sou lignent, "t he regional divisions ... can only be approximate, 
adopted rather to facilitate discussion of the available records than to delimit 
climatic regions". Disposant de donnees plus nombrclL~es nOllS envisageons 
done de regionaliser les climats thermiques du Sud uu Yukon. 

M ETHQDOLOGIE 

Pour la presente clude, nous avons utilise Jes donnees de 27 sl<Itions 
melcoroJogiq ucs pour lesquellcs nous disposons des donnees normales pour la 
periode 1951-80 (figure I et tableau I). Leur distribution spatialc cst tres 
inegale, leur nombre diminuant vcrs Ie nord el plus de la moitie d'entre elles se 
trouvanl entre 60 et 61"30'N. Sur Ic plan altitudinal, en raison de leur 
localisation Ie long des grands axes de communication, c'esHi-dirc dans Ie,~ 

vallces du Yukon, de la Rivicre-au)(-Liards ainsi que dans la depression du 
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r,o,B l,E,o,u I Localisal ion dC!i stations rC1cnucs. 

LATITUDE LONGITUDE ALTITUDE 
NO, STATION N W 1m) 

1 A'ishlhik 6 1 ~39' 1)7"]:9' ''''' , Anvil 62"22' [)J023' 11511 
3 Beaver Creek 62°22' 140"52' 663 

• Ihacbum 6J~2S' 135"47' 71 , , Burwash 6l022' 139"0)' 799 
6 Carcross liO' II' IJ4°41' 663 
7 Carmack. 62"06' IJ(f JS' 52J , Clinton Cr~k 64"28' J4oo44' 576 , Dawson 64~) ' 139"26' )20 

10 Drury Creek 62el2' 134"2J' "" " EJ~a 63"55' 1J5"29' 81' 
12 Paro 62" 14' 133"2 1' 694 
13 FOrl ~Ikjrk 62"49' 131°27' 454 
14 Haines Junction ""<6' 137"35' '" " Johnsons Crossing 60"1" ]]3"18' 69(} 

" Keno lIill 63"56' [35"12' 1472 
17 Klondike 64°27' 138°13' ,W 

" Kluane Lake 61"01' 1 38~24' ". 
" M ayu 63°37' 1J5"52' )1)4 

20 Hoss River 6 1"59' 132"27' ". 
" SnAil 62°22' 140024' '" 22 Swill River WOO' 131"11' 891 
2l Tcslin "'",. 132°45' '" 14 'Jil chi lua 60"56' 129"I S' )24 

" Watson 1..ake 60"07' 128°41)' '" 26 Whitehorse: A 6{NJ' 135"04' 10) 
21 Whitehorse Riverdale 60"4]' 135"01' 643 

Shakwak au /lord-est des monts SI. Elias, la majorite des stations (21) sont a 
une altitude inferieure a 800 m el seulemel1t deux sont situ6es au-dessus de 
1000 m. Pour I'ensemblc, I'altitude moyenne est de 726 m et I'ecarl-type de 
225 m. 

Afin d'analyser les regimes thermiques, nous avons retcnu 29 
variables element aires, soit 3 variables de localisation (latitude, longitude, 
altitude), Ics 12 moyennes mellsuelles des temperatures maximalcs, Ics 12 
moyennes mensueJlcs des temperatures minimales, ainsi que les moyennes 
annuelles des maxima et des minima. 

La premiere Clape consiSle iJ reduire la matrice originale des 29 
variables cen trees reduites, c'csH\-dire doni In moycnne est 0 et 1M variancc I, 
par line analyse cn composantes principales. La standardisation n'cst pas 
absolument necessairc dans Ie cas de donnees thermiques mais elle permet 
d'c!:viter Ics variances elevces et, dans notre esprit, ccla n'affectc pas 
I' interpretation. Apres une rotation o rthogona le du type Varimax, nous 
obtenons 3 composanles prenant ell charge 92% de la variancc tOlale, ce qui 
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n'a rien de surprenant du fait de III nature homogcne des donnees et de la taille 
restreinte de la region etudiec. Lc but essenticJ de la procedure est en fait la 
d~termination de.. .. notes factorielles pour chaque lieu q ui se tfDuve ici delini 
dans un espace tri-dimcnsionnel. A partir de la il est possible de regrouper les 
stations par une m~lhode de hierarchisation aggrcgative. 

lei commence Ie choil\ diriicilc quand on connail I' impact de la 
proced ure uti lisee. Aussi faut- il etre cOllscient de la part de subjectivitc existanl 
dnns les methodes soit disant objectives (Johnston, 1967). Dans Ie cas pre.'ienl, 
nous eSlimons que l'interet d 'un rcgroupement reside dans son homogeneite 
spatia\e, Plusieurs approchcs anI ete essayces dans ce but et nous avons 
Gnalement retcllu la methode du centroidc. 

C'e);t une methode qui veut prendre en compte lous les licux el ne 
pas negliger la structure interne des groupcs. Elle consisle a defi nir la d istance 
entre 2 groupes comme la distance entre leurs cctltro"ides (moyenne a n 
dimensions) et :l fus ionner. lars de chaque etape, les 2 groupes les plus procl1~ 
(Beguin, 1979). Certains auteurs (Mather, 1976, Lance el Williams, 1966) ont 
quelques reticences cnvers celie procedure en raison des liens retrogrades qui 
pcuvent apparai tre entre des groupcs, c'est-a-dirc qu'une fusion peut s'opercr 
sur base d'une dissimilarite inferieure a celie qui a decide de la fusion a I'etape 
precedente. CeHe anomalie ne compJiquc pas I' interpretation et dans Ie cas de 
donnees spatialcment continue); comme des temperatures. Ie centro"ide n'est pas 
un monstre. 

ANALYSE DES ItESU LTATS 

I. ['analyse ell composantes princfpales (c.p.) 
Comme nOlls I'avons deja menl ionne, I'analyse reduit les 29 variables 
originalcs a 3 composantcs principales expliquant 92% de la variance 10lalc. Si 
I'on considcre la proportion de la variance extraite par les 3 composantes pou r 
chaque variable, au communaute l , on conslale que celle-ci e..~t eJevee pour 
toutes les variables thermiqucs (de 0.904 a 0.992). Seule la longitude est mal 
representee (0.29) et, a d ies trois, les variables de localisation contribuent a 
50% de la perte d'info rmation. II est d'autre pari notable qu'a quelques 
exceptions pre.'I, la plus grande panie decommu naute de chaque variable se 
repone principalcmcnt sur une c. f'. Le comportement est different scion que 
"on considere les maxima ou Ics minima. Pour Ics maxima, clle cst la plus 
clevee en avril-mai (0.98) et aout-septcmbre (0.98) ella plus ba"se en jui iJct 
lO.93) et Ilovembre (0.92), Pour les minima, c'est presque I'i nverse: cl le est 
elevec en janvier (0.96), juillci (0.96) el ocwbrc (0.97) el plus faible en avril 
(0.92) el aoOt (0.90). 

La premiere C. P, prenant en charge 40.5% de J"explication de la 
va riance cst dominec par Ics temperatures minimales dc novembre a mars et la 
temperature minimale annuelle dont les salUrations som supericures a 0.90. 
Elk reprc!sente done lejroid (Ie I'hiver. La saturation de -0.60 pour la latit ude 
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composanlcs <:1 du dcgr': d~ rcpr~enl al lOn de chllque stat ion p~r Ics] composantcs. cxprime to 
milll~mcs u'unile. 

indique un crrel modcrc de cctlc variable spat iale, decroissant du Nord vcrs Ie 
Sud. Les no tes faclorielles pour ceUe composanlc sont eJcvecs et posit ives dans 
la partie meridionale, autour de Whitehorse, alars que les valeurs forlemen! 
negatives apparaissenl dans Ie Nord-Oucst (Snag-Dawson) et Ie Nord-Est (Ross 
River) (figure 2a). 

La dcuxieme composantc cxpliq uanl 31.3% de la variance Illontre 

des saturations elevccs avec les maxima d'avril-mai ct aoil t-scptcm bre (+0. 85 a 
0.98) et a un degre. moindre Ics maxi ma de juin-juillet (+0.77) et octobrc 
(+0. 78). Elle expri me donc cssentiellement la chaleur de la saison chaude 
surtout aux periodes - charnieres carrcsponda nt aux changements de regime. 
Les saturations signifi catives dc la lat itude (-0.57) et surtout de I'alti tude 
(-0.76) soulignent Ie ro le imporlant de ces 2 variables. C'cst done d ire que Ics 
maxi mas des saisons intermediaires diminuent avec I'alt itude et la latit ude, 
mais aussi que ceci s'eslompe au coeu r de I'etc. Cetle 2e C. P. contribue ai nsi a 
opposer la majeure partie du sccteur merid ional et central de faible alli tudc 
aux regions plus no rdiqucs ou plus clcvccs caraclI!risee.<; par des saisons 
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intermediaircs fraichcs (figure 2b). 
La 3e C. P. avec 20.6% de la variance a des satllrations clevees 

(+0.91 a + 0.96) pOur les temperatures minimales de mai a aout Elle se trauve 
done a represeoter la fraiche!lr dc /'Cit. C'est. des 3 eomposantes.la moins 
eorrellee avec la latitude et I'altitude. Elle oppose la moitie Nord a I'exception 
des stations d'altitude que sont Klondike (17) et Keno Hill ( 16) et ['extreme 
Sud positifs, a une bande centrale negative. surtout au pied des Monts SI. El ias 
(figure 2c) oil les temperat ures minimales d'ete sont plus basses. 

NallS avons mentionnc pTC!cedcmment que la nature des 3 C.P. 
n'avah rien de surprenant en r:lison de I' homogeneit c relati ve de la region 
et udiee, Neanmoins il cst inleressant de noter Ie rOle importam joue par les 
temperatures minimak"S llolammcnt pour la l ere et la 3e. eeC! peul s'ex pliquer 
par la relative uniformite des tem{>l!raturcs maxi males pour I'ensemble de In 
region au coeur de I'hiver ct en ete, :.Iors qu'au contrnire I'interaction de la 
circulation et des particularites Jocales se refl~te plus au niveau des minima. 
D'autre part si 1'011 exa mine Ics saturations des variables thermiques pour 
chaque m mposante en eonsidcrant !>eparcment Its maximas el les minimas, on 
remarque qll'elles forment des continuums it. caractere periodiquc, paralh!les 
entre eux. Les eomposantes I et 3 sont pratiquemem symetnqucs, ant 
sensibJcment la mcme amplitude el dans les 2 eas les saturations sont plus 
clevccs pour lcs minimas. La 2e composantc cst en fait complcmentaire et 
eonnait 2 pies correspondant aux inflexions des 2 autres et les maximas sonl 
prepondera nts, ce qui compense leur faiblesse dans les autre.~. 

2. La represcntation des lie/IX 
Segui n ( 1979) souligne que In fidt lite de la representation dc chaque lieu CSt 
presque loujours ignore.c dans la lilterature et pounant son importance cst 
capitale dans J'intcrprctiJ tion geographiqlle. Elle exprime en quclque sOfie In 
validitc du modele deri ve de l'analyse en composantes principules. Le degre de 
representation d'un lieu est mesurc par Ie rapport entre Ie somme des earres 
des vakurs reconstituccs selon Ie modele et la sommc des carre.~ des valeur.~ 
slandardisl:~ d'origine." 

Dans Ie cas present, les valeurs s'cehelonneot d'un maximum de 
0.984 pour Whitehorse A a un minimum de 0.540 pour Tuehitua. La figure 2d 
montTe Its variations spatiales de la representation, Deux regions I'une au Sud 
centr~e autour de Whitehorse (26) et Anvil (2) et I'aut re au Nord-Ouest autour 
du Fort Selkirk (13) et Keno Hill (16) sont bien rcpresentee.~ ct separecs pat 
une bande allant du lac Kluane 3 Watson Lake (25) au les valeurs sont 
udteUlCIlt plus basses et done oil Ics 3 eomposantcs retenues expriment moins 
bien la rcalite thennique. En raison de la mHhode de calcul, i1 apparait que les 
Malions passedant des notes ractoricl1cs elevee.~ done plus extremes sur une ou 
plusieurs eomposantes sont gencmlement mieux rtpresentecs. Nous verraos 
que cela influence Ics groupcs resultant de la classification des stations basec 
justement sur les notes factorielles. 
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3. La cla~·sifica(i()n 
A partir de la mat rice des notes factorielles, il est possible de calculer les 
distances euclidiennes entre les stations et de Ics regroupcr par methode 
aggregat ive en utilisanl dans Ie cas present Ie centro"ide. Le dcndrogramme 
obtenu (figure 3) nc montre qu'un seullien retrograde, soil lors du 
regroupement de A avec B et C. L'clTet de chainage que nous avons voulu 
eviter est peu devcloppe et la perte d'information n'est que de 40% environ. 
Au total, 5 groupes sont obtenus et seules Ics sial ions de Klondike (17) et Keno 
Hill (16) SOIll ecartees car trop diffcrentcs du reste. Lcs groupes D (3-20-2 1) ct 
E (8-9-11) sont assez laches el se regroupent tardivement , ce qui montre bien 
leur dissemblance par rapport aux groupcs A, B et C plus meridionaux. 

L' homogeneite spatiaie est bonne (figure 4), les discont inuitcs 
n'affectant que 3 stations, Swift River (22) et Anvil (2) qui appartiennent au 
groupe A et Ross River (20) dans Ie groupe D, cl les notes factorielles a 
I' interieur des groupes mont Tent une homogenc!t!! des cara('1eristiqucs sur J ou 
2 c.p. qui permet une opposit ion enlre les differe nts groupes. Ceci apparait sur 
la figure 5 a et b. On constatc que la premiere c.p. oppose Ie groupe C, 
meridional, avec des valeurs fortcmcnl positives aux groupes plus nordiqucs, 
D, fortemcn t negatif, et E aussi ncgatif mais a un degrc moindrc. L'hiver sont 
done moins rigoureux en C qu'en D et E. La comparaison des figure.~ 4 et 2a 
soulignc Ie poids de]a Jere composante dam III classification. 

La chaleur des saisons de transition oppose Ics groupes B et C, 
positifs, a E negatif et A negalif.a neUlre mais il est clair que Ie pouvoir de la 
2e c.r. est mains i lcve que celui des 2 aUl res en raison d'une dispersion mains 
gran(le de.~ notes Htctoriclles (de -1.307 a + 1.073) . 
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FIGURE J. D~ndrOGramme montrant la hierarchis31ion des ,tations d ll Sud du Yukon ~Ionla 

melhod(" du centro·ide appliqu~ aux notes facto rielle!; des 3 composante!; princip:i les. 
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FIGURE 4. RtgioJlalwHion des cJimalS 
Ihermi'lues du Slid <.Iu Yukon fesulla ru du 
rcgroupcmcill par la methode du ccnlroldc. 

Enlin, la fraic hcur des nuils de rete met en relief ['opposition entre 
E, fo rtemenl positil" t:t A fonemen t negat if ct a un degrc moindre 0 , c'esl-a
dire esscntiellement que Ie pied des Monls S1. Elias a des tem peraturc.~ 

noct urnes cslivalcs plus fraichcs que celles des stations d 'i nterieur plus 
nord!ques. 

Si 1'on considcre les distances entre Ics stations el les centro"ides, 
d' unc part, des grotlpes auxquelles cUes appartiennent (distance intra-groupe) 
ct d'autrc part des autre.<; groupcs (distance inter-groupe), la marginalite de 0 
et E est encore une fois evidenlc: Ics d istances inlra-groupcs sont faib les (0.60 a 
0.76) el les distances inlcr-groupcs eJevees, Ie groupe B ctant dans les 2 cas Ie 
proche (1.85 pour 0 el 1.94 pom E). Le cenlro'ide de l'ensemble A se (rouve 
praliquemenl a egale distance de B ct C ( 1.75) el In:s eloigne de E (2.97). Le 
groupe C est sans contrcdit celui qui presente la mcillcurc homogcncite avec les 
distances inlra-groupe les plus faibles (0.50) tout en clant tres dista nt de E 
(2.97) ct D (3. 15). 

L'ensemble B, gcographiquemenl central, est aussi presque 
equidistant des aulre.o; avec des distances variant de 1.62 avec A a 1.94 avec E. 
C'est Ie plus heterogene avec des d istances in tra-groupe moycnnes de 0.83 et la 
moitie des stat ions (10, 13, 19,24) ant des distances intcr-groupe.~ it peine 
supcrieures aux distances intra-groupe. Ces 4 dernieres siado ns sonl tres 
proci1es d' uo des 4 aut res groupes, 24 avec A, 10 avec C, 19 avec E et 13 avec 
D. On peut done voir en B un groupe moyen, sorte de tampon avec Ics autres 
groupes, ncanmoills globalcmcnt plus proche de C. 

Plus paradoxale il premiere vue cst la grande distance entre les 
ccntroides de D et E (2.80) qui sont gcographiquemcnt voisins cl prescntent 
de.~ similitudes mais s'opposent lortement sur la 3C c ." . Si I'on considcre la 
rcpresentation des Heux rcgroupes. C, D ct E sont Jorme~ de stations avec des 
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fiGURE 5, Comparaison des nOles raclOrielies des differcnh:s statio" .. du Sud du Yukon, Ie;: 
composanlcs principalcs sonl con~idc r~es 2 a 2 cl rcpre~c ntfC'S par Iell thilTrcs romalM. t es JClI res 
dk igncnlles groupes obl~nus par ta m':lhod~ de regroup~mcnt. 

valeurs eJevees, superieures a 0.900. En revanche A et surtout B sont des 
amalgames de !Italia ns bien representecs avec des stations mal a Ires mal 
representees. Ainsi pour A Ie!; v<lleurs varienl de 0.693 (Kluane Lake) " 0.952 
(Anvil) et pour B de 0.540 (Tuchitua) a 0.981 (Fori Selkirk), confirmant ains; 
['aspect moyen de ce demier groupe. 
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Par comparaison I'utilisation de la methode du plus proche voisin 
nc donne pas des resnltatS rondamentalement diffe-rents. Lcs stations nordiques 
K-9- Ji formen! cncore un groupe tres marginal de mcme que 3 e121; rnais iei 
Ross Ri ver (20) St jo int a B. Lcs groupcs C et B sont peu modilics et A 
d isparait, ses stations se regroupant avec C. Cette situation ilJustre bien Ie 
caractere particulier de ce groupe qui, avec Ie methode du ccntroIde possede un 
lien retrograde avec B + C par I'intcrmooiaire de C. Les ensembles aimi 
formes sont ccpcndant ma ins nettement diffe renciis qu'avec I'aulre type de 
hierarchisation. 

5 i I'on co mpare la rcgiona lisation obtenue avec celie de Kendrew et 
Kerr ( 1955) et en Ile considerant que les stations disponibles a ees auteurs, on 
constate que leur division oppose un "Central Interior" regroupant de.~ 

stations ayant des notes facto rielles negatives sur la Jere c.P., au Sud au clles 
son! positives. Dans leur cas nos stations du groupe B, rappelons-Ie tres 
heterogene, sont rcpartics entre les difTcrentes regions. De sorte que sur Ie plan 
thcrmique, leur regionalisation prcsentc une assez gra nde parente avec la not re. 

4. Caraclerisliques thcrmiqllel' des gmllpe.~ (tableau 2) 
Le groupe A se earactcrise par des temperatures d'c.~te neuement plus fraiches 
que I'ensemble tant au ll iveau des maxima que des minima: la moycnne des 
maxima en juillel aueint seu lement IS.6"C et celie des minima 5.4"C. En 
revanche les hivers sont moins froids que la moycnne a vec pour Ics minima de 
novembre a mars une moyt:nl1e de - 22.3"C. IJ resulte de eeci que I'amplitude 
annuelle est basse (- 34.9"C pour Ics maxima et -33 .3"C pour les minima). 

Pour B les temperatures de la demi-annee estivale soot relativement 
6levces: la moyenne des mu;(ima de ju illet y sont les plus hauts (21.4°C) de 
meme que ceux d'avril (6. 1"C) cl de la fin de I'etc (19.2CC cn aOllt et 12.7"C en 
septembre) alors que les hivers sont plutot froids (maximum de -21.6"C et 
mini mum de -3 1.9"C en janvier). Dc sorte que les amplitudes annuelles sont 
aCCllsees avec 43"C pour Ics maxima et 39.5"C pou r les minima. LOensemble C 
a nettcment les temperatures hivernales les plus demcntes (-1 6.4"C pour Ie.~ 
maxima et - 25.7"C pour les minima en janvier). Les temperatures des saisons 
intcrnl(~d i aires som relativemem plus douces que I'ensemble surtout en 
octobre. Les eles sont pluto! frais: la moycllnc des maxima de juillet cst 
sculement superieure it celie dll groupe A (20. 1"C contre 18.6"C). 

Le groupe 0 cst remarquable pa r la fro idellr de I'hiver surtout au 
niveau des minimas (-35.3"C en janvier). Rappelons que Snag (21) a Ie record 
de la tem perature minimale absolue avec --62.S/lC. La fraicheur de la demi
annee estivale (3"C) est comparable a celie du groupe A. C'efit dans cc secteu r 
que I'amplitude annuclle est la plus fo rte, legerement superieure a E pou r Ie." 
maxima (45. I"C COnlre 4S.0"C) et nel tcmcnt plus pour Ie.~ minima (41.4"C 
eontre 39.6"C). 

Enfin, en I:: les hivers som fro ids (-23.9 et -3 J"C en janvier) et les 
saisons intermCdiaires fraiches surtout en avri l et octobre ou Ie!> moyennes des 
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1AlInAU ! CaraC1erisliques thetm,qucs des groupl'S oblcnu. pat la dOSSlficatioll centro'idc. 

COmpOSBnle pnnclpak J 

Minimum Minimum 
Groupe!; annuel nov. a mars 

A -9.8 -22.3 
B - 9.9 -24.6 
C -7.0 -1M 
0 -12.9 -28.8 
E _9.7 -24.2 

Moyenne -9.7 -23.2 
EClirt-type 1.9 

Composan!e principale II 

a~ri ! 

) .. 
6.L 
6.0 
,.) 
).7 

' .7 
2.2 

aout 

16.9 

19.2 
IliA 
[1I.6 
I ~.I 

17.9 I.. 

sep(embr~ 

IU 
12,7 
12.6 
12.2 
10.6 

11.7 

I.' 

Composante principalc IJJ Amplitude annuell .. 

mH'llmum 
oclobre Mai.i aoul ma~imum minImum 

2.' 2.6 34.9 33.3 
» 4.5 43.0 39.5 , .. 4.L )6) )2.6 

0.' ).0 45 .1 41.4 
- 1.1 5.4 45.0 39.6 

D l.' ".2 36.9 
2A ' .7 4,0 



maxima sont rcspectivement de 3.1 cl - I. ICC. En revanche, les cles ont les 
tem peratures Ics plus eicvees de lout Ie Sud du Yukon en raison 
principalcmenl des minima qui pour la demi·saison cstivale atteignenl 5.4CC. 

Globalement done, les groupes A et C qui ont largement les 
ampli lUdes annuelles les plus fai blcs sOnt les moins contincmaux, raison pour 
laquelle Kendrcw et Kerr (1955) res ont rcunis dans leur subdivision "South 
West". 

INTERPRETATION ET DISCUSSION DES RESULTATS 

Si I'on li ent compte, du fait que B est un groupe heterogime de transition, la 
rcgionalisation des regimes therrniques oblenue montre esscnticllemenl une 
opposition mcridiellne surtout marquee en biver el en automne, un peu moins 
au printcmps, et plus faible et inversee en ete; ee Qui rellete assez fidclernent les 
regimes de circulat ion comme nOUl; allons Ie voir. 

Afin de completer les informat ions dont nous disposons nous 
avons voulu considerer les temperatures ell alt itude. Corn me line seule station 
ex iste dans la region etudiee, Whitehorse, nous avons effectue des transects 
Sud-Nord du 50e para l1 ~lt! (Ocean Weat her Station "P") a Inuvik en passant 
par Whitehorse et Norman We1ls (voir fi gure I). A partir des donnees de Titus 
( 1973) nous avons donc conslruit 4 coupes des temperatures dans In couclle 
100-50 kPa en janvier, avril, juillet et oclobre, en utilisanl les donnees de 
I'apres·m itli (Oh TU). Lcs resullats apparaissent sur la figure 6. 

En hiver, la presence d'une vallee en altitude vers Ie 150e meridien 
Ouest favorise Ie drainage d'air froid dans It! nord. Le Golfe d'Alaska sur Ie 
flanc aval de celtc vallee est alars un centre important de cyclogenese (Klein, 
dans Bryson et Hare, 1974). Les regions nordiques (D el E) sOnt rortement 
influencecs par les mass~ d'air froid du Klondike et de l'Arctique (Wendland 
et Bryson, 198 1). En janvier Ie rront arctique s'appuie sur Ie. .. St. Elias (Barry, 
1967) et les pressions les plus basses se retrouvent dans Ie triangle Aishihik· 
Burwash· Wh itehorse avec des vaJcurs de I'ordre de 101.8-101.9 kPa et vonl en 
augmenlant vers Ie Nord (102.4 kPa a Dawson) et vcrs l'Est (102.2 kPa) Ii. 
Watwn Lake. Cc patron existe de novembrt!" a fevrier mais les pressions sont 
maximales en janvier. 

La posit jon du front est soulignce par un fo rt gradient thcrmiquc 
horizonlal (figure 63.). Les stations continentales du transect montrenl une 
inversion lhermique de la surface d'environ 200 m :i Whitehorse mais 
dcpassanl 1000 m a Norman Wells et Inuvik el qui resulte d'lIn im portant 
refroidi ssemenl pres de la surface. La repn!sentation thermique de la fi gure 6a 
met en evidence i'amincement vers Ie Sud de Ja masse d'air arctique el 
l' incursion d'air du Pacifiqut: mains froid au-de.~sus qui explique la 
d&:roissancc a la fois altitudinale exprimec par la l'!re composante principale. 

Durant le.~ sa isons de transition, l'opposition est mains nelte mais 
cst neanmoi ns sensible entre un ensemble B + C et Ie groupe E. EIJc 
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FI GUR E 6. Distribut ion vcrlicale .. ks temperatures en "C Ie long d'un transeci allanl de 13 
slati(", Ilacifiljl.lc "P" :l.lnuvik en passanl par Whitehorse ci Norml1ft Wells pour IC$ !Ilois de 
janvier, avril, juillct (I octobrc. 

correspond a un affaiblisscment des masses ['air cont inentales dans Ie Sud
Ouest qui, it partir de feyrier, se traduit par une chute brutale des pressions 
avec un minimum marque en avril. Les mols de mars ct avri l prescntcnt un 
changemenl progrcssif du champ de pression avec I'apparition d'une autre 
basse pression relat ive dans Ie Nord-Ouest, autou r de Dawson. 

En avril, seule Inuv;k presenlc encore une inversion Ihcrmiquc 
superficielle. Lc gradien t Ihcrmiquc horizontal s'cst allen ue ct inverse par 
rapport a la si lUation dc janvier. La remonlee vcrs Ie norc.J du front arctique 
qui se situe mainlenant entre Whitehorse CI Norman Wells permet une plus 
grande penetration des depressions en provenance du Golfe d 'Alaska. Le 
gradienl lhermique vert ical de -6. J"C km·' a Whitehorse c.Jimin uc vers Ie Nord 
a -Soc km·' a Norman Wells. Ccs caractcre!'i rejoigncl1t ce qui est exprimc par 
III 2c composante principale: les regimes Ihermiqucs des saisons intcrmCdiaircs 
el a un degre moindre de I'ete mont rent une decroissance a la fois latitudinale 
el alti tudinll ie (fi gure 6b). 

A partir du mois de mai s'instaJle Ie patron estival du champ de 
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pression qui presente alors un gradient Sud-Est-Nord-O uest resultant de III 
n::monlce vers l'AI<lska dela di:pression des Aleout iennes. En alt itude, celie 
situation correspond a I'installation d'une crete au contact de l'Occa n 
Pacifique ct de la Colombie Britannique. L 'examen des situations de juillet ::\ 
70 kPa de 1958 a 1967 rcvele que dans 8 cas sur 10 !'axe de la crete est Jocalisec 
vers 130" Ouest associe a une vall&! vcrs 150-160" Ouest dont 13 pointe devie 
parfols vers l'Est. Pour les 2 annces "anormak'S", 1<1 crete CHlit rem place!: par 
lIoe vallee et vice-versa. Toutefois la configuration fe venail a la normale en 
aoul. l 'apparition de celte crete provoque, en juillet, un maximum secondaire 
de pression net dans Ie Sud ct moindre dans Ie Nord. C'est en juin-juillet que 1c 
gradient thermique vertical est maxi mum sur Ie continent rechauffc avec des 
vllieurs res plus elcvecs a Whitehorse (-7. 1 a -7.6"C km") conlre de..,,; valcurs de 
-6 a _6.5cc knr ' it Nor man Wells et Inuvi k et seulement _5°C km ' sur l'oL-ean, 
La figure 6c montrc bicn la nCHe dominance des gradients verticaux sur les 
gradients horizo!\laux, La nuit, Ics gmdietlls horizontaux reprennenl de 
I'importance. La limite de I'inversion thermiquc qui se silue A Whitehorse vers 
10 kPa soil it une altilUiJe variant entre 794 m et 1107 m de mal a "out, 
s'ind ine vel's Ie nord pour n'etre plus, a Norman Wells et Inuvik qu'a 95 [(pa 
soil entre 327 et 660 m. C'est a Norman We[ls que Ie> temperatures nocturnes 
sont les plus cJcvees mais c'est il Whi tehorse que les ecarts entre Ie jour et la 
!lui! sont lcs plus marquC:s. Au-dessus de I'inversion thermique lcs gradients 
verticaux sont sensiblcmenl les memes. 

Ce comportement de )',IImosphhe pres de la surface cclaire 
singulieremcnt Ie patron de la )e composante, la fraicheur de I'ele, 
L'opposition entre les groupes A el E et Ie gradient d'ensemble Sud-Ouest 
Nord- Est ref1 ~ t e eette augmentation des temperatu res nocturnes vcrs 
I'interieur. Le groupe Ilordique E de mcme Ics stations 12, 19 ct 25 qui onl des 
nl)les fHcloriel h:s I5 levees .~o nl i n~en~ibles :'1 1':.I llilll(l1'. C;lt 1;1 rlllp:lri sonl ~n

dessous de I' inversion dims Ie Nord oil Ie gradient venical positif est faible. A 
I'opposc, les stations dt! groupe A sont de pan et d'ftUlrt: de l'invcrsion et en 
quclque sorte ne bcneiicient pas du phcnomene. Les stations du groupe C tres 
peaches les unes des autres et a des altitudes Ires voisincs sont pres de 
!'invc.rsion et formclll un groupe homogene avec des temperatu res douces. Le 
groupe B, comme nous I'avons 'I ll , plu t6t heterogcne /llontre il Ia fois lin 
gradient latitudinal positi f tout a fail normal et un gradient :altitudinal ncg:atif 
comme Sl taUles Ics stations etaient situces uu-dcssus de I'inversion. 

En fait la comparaison des notes factoriellcs de la )e CI' avec Ics 
sondages allllospheriques suggere que les efrets superficiels contribuenl a 
reduire les inversions aux fond~ de va llee, vraise mblablcmelll a quelques 
dizainc,'i de metres au-dessus de Ja surface dam Ie Sud notammen!. Les 
sondages sonl en partie fallssi:s par I'altitude de base de la stalion de 
Whitehorse (700 m) qui fait que 1a premiere /IlC;';ure cst faite a 90 kPa. 
L'inversion peut done se sit uer en rea [;t!! en lre 700 In el [a surface de 90 kPu. 

A partir dc.la distribut ion spatiale des notes factorielles on peut 
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estimer que Ie nivcau d 'inversion entre Ics 60e et 62c parallcles se silUe entre 
environ 6()() et 700 m, s'abaissant vcrs Ie Nord a 40(}-500 m et que la difference 
ent re Ics temperatures minimalcs rnoyenncs de mai a aout aux stations et celJes 
des sondages varie de 2 a 4 degres selon les sites, les surfaces ctant plus froidcs 
que In basse troposphere. 

L'abaissement latitudinal dc la :wne d'inversion explique aussi que 
merne siia dependancc de la 3e CP avec [,a ltitude et la latitude est grande, Ics 
sat urations sur ccs 2 variables restent modcstes. 

Enfin il convicnt de revcnir sur Ie cas d'une au tre periode de 
transition representee; par Ie mois d'octobre. Nous avons deja memionnc ce 
caractcre co conslatant I'fclatement des saturations pour ce mois entre les trois 
composantes principalcs. Ceci est renforce par l'examen du comportement de 
I'at mosphere. En surface, les p ressions s'abaisscn t de I'erdrc de 3 it 5 rob sur 
I'ensemble de la region mais Ie patron reste cst ival avec une haute pression au 
Sud-Est et une 1.Qne de pression plus basse autour de Sn:lg-Dawson. En 
rcvanche, sur Ie plan des sondages verticaux , Ie changement est tres nct (figure 
6d). Cela se traduit par la presence d'inversions therrniqucs, mcme 1c jour, a 
Norman Wells et Inuvik par suite de [a penetrat ion, en surface d'air froid 
favo risec par I'existence d'une ICgere vallee en al titude sur Ie Golfe d'j\laska. II 
en r{:sulte une cOntraction brutale, a ccs deux stat ions, de [a couche 100-50 kPa 
surtout importante ent re 100 et 70 kPu. Au-Jcssus des inversions, les gradients 
sont toujours homogcncs mais diminuent (-5.4 a -5.9OC km-I). Les 
temperatures som plus clevces qu'en avril, ITIeme si Ie front arctique est 
scnsiblement ;\ la meme posit ion, mettant en evidence la [enteu r du 
refroidissement superficiel. Cependant Ie patron d'ensemblc diffcrc de ceux 
d 'avril et de ju illet et montre deja une (;erlaine ressemblnnce avec celui de 
janvier. II s'agit bien d 'un mois-charniere qu i appartient a 13 2e Ct' pou r Ics 
maxima et a la lere pour les minima, comme cela sc produ it aussi au mois de 
ma rs. 

II ressort de tout ceci que Ie deplaccmc:nt du fron l arctique est 
limite au Sud par k s Sl. Elias et au Nord par Ie liuoral de la mer de Beaufort, 
dcplaccment refleu: par I'ana lyse des sondages verticaux. 

La structure thermique obscrvce dans [e Sud-Ouest du Yukon 
ex prime assez fidelcment ccs caraclcres et les trois corn posantes prineipalcs 
d~gagees peuvent aussi etre rel ices a l'evolution de [a duric de l'eclairement et 
aux fl uctuations de In radiation Ie long d'un transect Whitehorse - Norman 
Wells - lnuvik. La pcriode couverte par la p!re composante pri ncipa1c cst 
caracteristc par un fort gradient Sud-Nord, maximum durant la nuit polaire. 
Durante les mois (;orrcspondant a la 2e cr (avril-mai et aout-septembre), Ie 
grad ient devient pratiquemment nul avee toutefois une legcre inversion en mai 
et aOLl1. De mai iI aeut (3e CP), la radiation neue cst plus clevce ,j Norman 
Wells (9.10 MJ .m-?) expliquant J' imporlance du rechaufTement supcrficiel. Au 
niveau du rayonnement global, Ie gradient n'est inverse. qu'cn juin et ju illel; ccs 
pa rt icularitis pcrmcUent de mieux com prendre que mai et aout apparliennent 
ala 2e CP pour les maximas et a la 3e pour les mini ma. 

18 Cli matological Bulletin I Bulletin climato logique 20(3) 1986 



CONCLUS ION 

L'analyse des regimes thcrmiqucs du Sud-Ouest du Yukon Tenete I'opposition 
saisonniere entre les difTirenles parties du territoire. Elle a permis de 
reconnaitre 5 regions relativement homogenes sur Ie plan de leur n:ponse aux 
changements du climat au COUTS de I'annec. Ccs dernicrs s'ex priment sous 
fo rme de gradients verticaux el horizonlau x que 1'00 reirouve dans les 3 
composanlcs principales decoupant I'annee: les premiers predominenl au 
niveau des max ima durant Ics saisoos de transition ct I'etc, Ics seconds Cll hi ver 
et en ele au niveau des minima. lis renelent l'a t1 ion concurrente des masses 
d'air arctique ct pacifique el Ie mouvemenl du front arctique 
lIpproximativemcnt ent re Ics 60C et 70e paralleies. En parlicuiier dans la region 
de Whitehorse les resultats oblenus montrent que I' influence de I'air du 
Pacifique cyclonique en hiver et durant Ie." saisons de transition et 
anticyclonique en cte cst plus imporlantc que ne Ie laissent supposer Wendland 
et Bryson (1981) el que les frcquenees sont plus proches de cdles proposees par 
Bryson I!t Hare ( 1974). 

La complexile appareille de la structuration de J"espace thermique 
proviell t du fail que les gradients lie joucllI pas toujours dans Ie meme scns ni 
d~ la melllc fatron. Si la situation est relativemenl simple aux saisons de 
transition ou ils sont tous deux negatie", c'e.~ t -a-d i re decroissant avec la latitude 
ct i'alt itude, en hiver ct en ete I'exislence d'inversions therm iques parfois 
l ocal is~s a une seulc region cst un factcuT important d'heterogeneite. 

Le lien ctabl i entre les caractcristiqucs saisonnicrcs ct la radiatioll 
solaire ouvre d' interessantes perspectives palcodimati4ues. D'une farron plus 
directe, I'imen: t principal de In regionalisation peut se voir sur au Illoins 2 
plans: elle permet de determiner les earacthistiques thermiques de l'ensemble 
du terrilOire mcme si les stations de reference soot essentiellement localisees 
dans lcs vallees; elle permct aussi une meilleure select ion des stat ions de 
reference pour I'etablissement de correlations ent re serics comme par cxemple, 
cela se prati4ue couramment en dendrochronologie. 
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C" SI la ~ommc des cank drs s3mr:llions I'I.HIr ehilque comflilsaOle: 
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D. C. Sleyn 
Depart mcni of Geography 
The University of Bri tish Colum bia 
Vancouver~ s.c., Canada 
and 
D.A. Faulkller 
Scient ific Services Division, Pacific Region 
Atmospheric Environment Service 
Vancouver, B.C. , Canada 
[Original manuscripl received 2 February 1986; in revised form 9 
June 1986] 

I\USTRAcr 

Iiourly wind speed and direct ion data over a ten year period from two stations in the 
lower Fraser va liey, £I.e. are analysed In o rder \0 chllracttrize sea brccz.cs in the region. 
A Set of criteria ha.'iCd o n thc diurnal rcvt.'fSul of wind direction, Ihe Biggs and Graves 

lake-breeze indclt, and the number of sunshine hours is used \0 identify sea brecle days, 
StlllisliQi arr prcscmed thai de~ribc thc occurren~, duration and illlcnsilY of the sea 
breezes. The :wcrage annual occurrence is 411 days II year at II valley location and 116 
days Q yeaf iltll cosstallocat ion. The monthly frequency of occurrence has il maximum 
of roughly \0 days per month in AugusL During this month, the maximum duration is 
8 to 9 hours per day, The intensi ty of the sea breezes is roughly 3 InS" al I>olh locations, 
An analysis of mean dai ly hodographs shows two distinct seasonal regimes with 
d irrering interaction between the sea breeze a l1d lopographic:l lty induced local winds. 

Lcs donnecs horalres de vitesse ct Jirection du vent de dew! stations silued: dans Ics 
b!l.~scs-terrC$ du Fraser en Colombie Uritannique, echelonnces sur unl: periQde dc dix 
·ans, onl ele anulysces afin de f:lire ressortir Ics churact~res de la brise de mer dans la 
regIOn. Une serle de erithes soient Ie renversement d iu me de la direction du vent, 
rind ice de III brisc de mer de Bigg.~ et de Graves ainsi que Ie nombre d'heures 
d ' cn~oleillemcnt ont scrvi;' identifier lesjouTnees avec brisc de mer. Des Sl lI listiques 

d~erivant I'oecurcnce, In dun~e el I'intensite de la brise de mer, sont offertts. 
L'occufencc annuclle moycnnc est de 48 jouu dans III va llee et de 86 jours sur la rotc. 
La frl!qm!l1ce mensuellc d 'occurrence uUein! un m3)[i mu m d'cnviron 10 jours en 1I0il1 . 
Durant cc moi~, la duree maximale cs t de 1\ d 9 heures par jour. L'intcnsit~ de la brise 
de mer es t c!1vin;m de J ms" aux deux sta tions. L'analyse des hodographcs journa liers 
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moyens dernonlre qu'il exisle deux regimcs saisollniers dislincls scion I'inlcraclil)fl entre 
la brise de mer et les vents locaux produil par 1<1 IOpogr'J.phic. 

I. INTRODUCTION 

The tower Fraser valley, B.C. is located on the eastern shore of the Strait or 
Georgia (see Figure I) . Under certain synoptic conditions, the temperature 
contrast between this relatively deep, well-mixed water body and the adjacent 
la nd surfaces gives rise to local. thermally-forced daytime sea breezes and 
nighttime land breezes. The complex terrain surrounding the valley also gives 
rise to slope and drainage wind .. which combine with the land and sea breezes 
to rorm complex patterns of local winds as discu~ed by Hay and Oke (1976). 

As Emslie ( 1968) has pointed out, the sea breeze and other local 
winds have impacts on a va riety of human activit ies and endeavours. These 
include impacts on recreation, constnlc\ion and transportation. Perhaps the 
chief impact is on human health through the dispersion of atmospheric 
pollutants. Concord Scient ific (1982) has linked sea breezes in Ihis region to the 
transport of oxidant pre-cul1lors and oxidant pollutants which lead, a t lime. .. , 
to high concl-"t1trations of oxidants in portions of the va iley. 

In order to understand the behaviour of the sea breeze (and come 
10 terms with its impact on human activities), it is important to have a good 
understanding of the physical nature of the phenomenon, While observational 
and modelling studies arc necessary to achieve an understanding of the 
mechanisms controlling it, this study or the sea breeze climatology is an 
important adjunct to those studies. It is hoped that the understanding achieved 
will be useful to weather forecasters and to those whose plans for futu re 
activities arc dependent 011 winds. 

Surprisingly little research on th e climatology of the sea breeze in 
this area has been carried out. Emslie (1968) analysed records of winds 
measured at the Lions Gate Bridge (First Narrows, Figure I) at a height of 70 
m above sea level. By considering days on which a morning or early afternoon 
wind shift (from cast to west) was followed by a reverse shift later in the day, 
he found shifts to occur 58-63 percent of the days in summ tr, and even in 
winter, on about 9 percent of the days. He observed also that sea breezes were 
initiated about four hours after sunrise and lasted unt il 1·2 hours after sunset. 
In summer months sea breezes lasted, in the mean, 9- 12 hours, in winter 4-6 
hours. Mean wind speeds during the sea brcl-"l.e reached 4.4 m 8'1. 

In this study, an attempt is made to expand on Emsl ie's analysis by 
examining wind records from two locations within the region or interest (sec 
Figure 1 and Table I). Criteria ror determining the occurrence or non· 
occurrence of a sea breeze are established and using these. days with sea 
breezes are selected. From th is subset of sea breeze days, statistics (principally 
mean conditions) are dt:termined for each month of the year. These statistics 
arc interpreted in terms of factors that may be important in inn ucncing local 
winds. 
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fAillE!. l!:oi ti mllled Southern S lruit ofG corgia M~llIl Momhly sc;\ surface tCmpeflllUres (Tw). 

Month 

January 

FcbTu9ry 
MaTch 

Apri l 

M" 
J une 

2. 

"1 w t"C) 

" ' .6 ,., 
6.6 
9.9 

12.2 

DATA 

MOnth l w \"C) 

J uly 13.9 
Allgus l 13.3 
Seplember 11.3 
Oe\ob~r 8., 
November 6.9 
Decemlx;r ' .4 

The data utilizcd in this study arc derived from the At mospheric Environment 
Service (A ES) archiv~ maintained in Downsview, Ontario. Ten year (Jan uary 
1973 to December 1982) records of one minute averaged wind-speed and wi nd
direction as measured at Vancouver International Ai rport and Abbotsford 
airpon were extracted from the archives ror analysis (see Figure I ror a ll 
station locations). The Vancouver International Airport station is located at 
49° 11' N, 123° 10' W and is 3 m above sea level . For the purposes of this study, 
wind in the seetor 2 to to 320 degrees true may be considered onshore and 30 
to 150 degrees true a .. offshore. T be Abbotsford airpQrt station is located at 
49"02' N. 122°22' W and is 58 m above sea level. For this station, onshore 
winds a re from the sector 170 to 250 degrees true while offshore winds are 
rrom 000 to 120 degrees truc. Both stations maintain anemometers of the U2A 
type. 

These stations were selccted since they h.ave unobstructed fetch in 
the ncar field, and are not near any locallopographic reatllres. This will mea n 
that the observed winds will be representative or the la rger scale topographic 
rorcing - that or the ent ire Fraser valley. T he Vancouver Interna tional Airport 
data will thus represent valley-scale winds al the coastline, while lhe 
Abbotsrord data will represent the sa me phenomena at an intermediate valley 
location. Data arc available for seven other locations wit hin the valley, and 
were subjet-ted to the same analysis as were the data ror the two sta tions under 
consideration. These analyses show similar reatures to the ones prcscnlCd. btll 
all show some fo rm of sub-valley scale topographic forcing, ami are thus 
omitted here. 

In developing the sea-breeze criteria, ancillary data were required. 
T hese are: 

24 

- Daily IOtal sunshine hours (avail able fo r Vancouver International 
Airport and Abbolsrord Airport). 

- Daily maximum temperalllres (ava ilable for Abbotsford Airport; 
Burnaby mounta in. B.C. H.P.A. ; Langley, Lochicl; New 
West minster, B.C. Penctcnl iary; Surrey, municipa l hall; Vancmivcr 
harbour and Va ncouver Internat ional Airport). 
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Daily average-sea-surface tempera t ure.~ in the Strait of Georgia. 

The appropriately averaged sea-surface temperatures were not 
avai lable, and had to hi! substituted fo r by estimated monthly average data. 
The data utilized were sea-surface temperatures measu red at Porlier Pass 
(35 km west of the shore of the study area). These tt:mperat ures were adjusted 
downward since temperatures in the southern pari of Ihe stra it are lowered by 
tidal mixing (Waldichuk, 1957). While the use of monthly averages is not ideal, 
it is judged acceptable sine!! sea-surfae!! temperalUre.~ in these enclosed waters 
are very conservative. Table 1 gives the estimated mean monthly sea-surfnce 
temperatures which were used for aU years in the fo llowing analysis. 

3. CR ITER IA rO R DETERM INATION OF SEA UR EEZE DAYS 

!\ major difficulty in developing statistics of !'eft breeze days is establishing the 
criteria for determining sea brcc7..c and non-sea breeze days. This rises from the 
difficully of separating local, thcrmallY-driven circulations from synoptic scale 
circulations. For Ihis study, we adopted criteria based on (a) characteristics of 
the sea breez~ and (b) the physical forces necessary to drive the sea breeze 
circulation. 

The prime characteristic of a land/sea brceze circulation which we 
employ is its reversing flow, i.e. the shift from offshore to onshore flow in thc 
morning or afiernooTl with a suhsequent reversal later in the day. The primc 
criterion used to determine if a sea breeze blew at a particular station on allY 
day was tht: existence of this revcrsing circulation. The criterion was 
implemented in the followi ng way: 

(a) a majority of hourly winds from 0300- 1000 Pacific Standard Time 
("ST) were onshore, 

(b) lhe wind blew onshorc ror at least two consecu tive hours during 
the period 0800-2000 PST, and 

(c) the wind did not blow onshore for a majority of hours from 2100-
01 00 PST. 

The ra nge of dire<:tions fo r onshore and oilshore flow were 
dctermined SUbjectively by reference to analyses or wi nd direction frequencies. 
Most stations in the a rea show a bi-modal distribution of wind direction 
frequencies, particularly in summer (Hay and Oke, 1976). For example, 
prevailing Vancouver Internalional Airport winds clearly afe easterly but a 
secondary maximum of westerly winds is evident as well. Thus the ra nges of 
offshorc and onshore wind directions were sct broadly enough to bracket these 
direct ions; emphasis was placed on summer data since these arc the best 
indicator of sea brecze directions. 

A reversi ng flow was eonsidercd to be a necessary condition fo r 
selecting sca breezc days but it is recognized that reversing flows may result 
from othcr causes. A reversing wind mighl occur from synoptic scale fo rcing; 
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such flows occur, fo r example, with a cold front passage. It is thus necessary to 
attempt to remove such cases. 

A sea breeze occurs only when local thermal forci ng overcomes the 
synoptic scale fo rcing. This led Biggs and Gn'tve..o; ( 1962) to propose a lnke 
brce7.e index (L·B index) based on the balance of inertia] and buoyancy fo rces. 
The fo rmer is represented by wind speed, the latter by the I3mJ·watcr 
temperature difference giving risc (through buoyancy) to horizontal pressure 
gradients. The index they developed was 

where 
L- B Index"" Ul/G.6T 
U = a characteristic wind velocity (ms-I), 
C" = specific heat of air at constant pressure (1003 lkg l KI) and, 
6T = difference between a characteristic land temperature and the 

lake (or sea) temperature (K). 

In their application, Biggs and Graves used the mean wind speed from 1000-
1600 LST, and the maximum temperature at a site approximately 38 kill from 
Lake Eric (Ypsilanti Airport, Michigan). From obscrvalions, they determined 
the critical L·H Index to be 3.0, i.e. lake breezes occur only when the irB 
Index is less than 3.0. Atk inson (1981) compares the Briggs and Graves data 
wit h the calculated estimates by Walsh (1974) ofthe local scale horizontal 
temperature gradients needed to overcome an opposi ng synoptic flow. His 
analysis indicates that the crit ical value of 3.0 may be a universal one. 

In our application, we usc the highest maxi mum daily temperature 
atlhe seven stations listed ear lier, aod the estimated mean monthly sca·surface 
temperatu re in the Strait of Georgia to determine 6T. For V, we usc the mean 
wind speed during the three hour period prior to the reversal fro m offshore to 
onshore now. This latter choice is made in order to duplicate (if possible), 
Walsh's ( 1974) criter ion. From these, we may calculate a L·B index at the two 
stations of interest for all days showing a flow reversal, and reject days 1I0t 
meet ing the critical value of 3.0. 

Dnc i:LSt criterion was applied in screening out non-sea breeze days. 
Since the sea breeze is a thermally·driven local circulation, it should be 
expected only on days on wbich the ~un sbines for a sign ificant fract ion of the 
day. ThUS, in this study, days on which the total hours of sunshine at 
Vancouver Airport and Abbotsford Airport totalled less than six were rejected. 
T he total, admittedly an arbitrary limit, may be 6 hours at either stal ion, or a 
combination, say 3 hr at Vancouver International Airport , 3 at Abbotsford 
Airpon. Su nshi ne data were missing for short periods at one or the ot her 
station. If data were missing for one and the hours of sunshine at the other 
totalled less than 6 hr, the criterion was nOi applied. 

While it is recognized that thcse criteria arc arbitrary, they do 
include clements of the physical factors involved in the phenomenon of interest 
(the L·B index and sunshine hours criterion) and elementS of the observed 
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propcnitS of the phenomenon (diurnal reversal of wind direction). The 
combi ned criteria cuntain <l degree of redundancy which wi ll resul t in errors of 
the conservmiw kind (rejection of marginal sea-breeze days). Barbato (1978) 
conducted a similar study fo r the Boston ba!>in, but used a somewhat difTen:nl 
set of criteria . It is believed that the incl usion of the L-B index in this study will 
place it on a marc mechanistically sound footing. 

It is instructive to examine the efTect of the three sea-breeze criteria. 
T he rejection statistics arc displaycd in Figu res 2. 1 and 2.2. It is evident that 
the wind reversal critcrion is the most important, and that the L-B index is the 
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r:1GURE 2. 1. R~jcction 5tlltisti cs (by month) ror the ttm:e s~a·brecle cri teria at Abbotsfo rd 
Airport . T ile uppo:r level i~ the number or days in tbe whole sample passing the wind revcTSal 
crit erion. The. second level i,c; th",e p:!SlIing bnth wind rcvc,.,.~1 and I:I -G indel( criteria. T he lowcst 
level is those passing all thre~ cri teria. 
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FIGURE 2.2. A~ ror Figulc 2.1 but rOT Vancouver International Airporl. 

least important. This ranking is due (in part) to Ihe sequence in which the three 
criteria were applied, given the aforementioned redundancy built into Ihem. 
T he logic of our crircria may be summarized by denoting the first as a 
" phenomcnologkal fill er", and the latter two as "mechanistic fi lters". The 
sequence of the latter two is arbit rary, bu t the fi rst criterion must remain 
prime. Of interest is the fact Ihal the L-B index ha.~ virtually no effect in the 
summer and early fall months when the region is not prone to synoptic.'lIly 
induced wind shift.s (Hay and Oke, 1976). 

28 Climatological Bullet in / Bulletin c1imatologique 20(3) 1986 



4. OESCR IPTIVE STATISTICS OF SEA BREEZE DAYS 

We present statistics, mainly mean conditions. fo r the sea breeze days selected 
using the criteria described above at the two sitt:S. The statistics arc: 

(a) Mean frequency and range of frequency of occurrence of ~ea breC1,e 
days by month; 

(b) Median time of onset and cessation of the sea breeze by month; 
(c) Mean daily durat ion by month; 
(d) Mean wind speeds before, during and after the sea breeze by 

mont h; 
(e) Most frequent wi nd di rectio n before, during and after the sea 

breeze by month. 
These statistics arc presented in Tables 2.1 and 2.2, plotted on Figures 3.1 to 
5.2 and discussed in section 4. 1. In nddiliOIl to these monthly statistics, 
hodographs representing the mean hourly wind vectors during sea breeze days 
at the two stations are presented in Pigurcs 6.1 and 6.2, and discussed in 
-section 4.2. 

4. 1 MeGn montllly Jlati:uics 
From Tables 2. 1 to 2.2, it is evident Lhat the sea breeze is a relatively common 
phenomenon in the lower Fraser valley, as il is deteL1abie on an average of 48 
days a year at Abbotsford Airport and 86 days a year at Vancouver 
International Airport. Figures 3.1 and 3.2 show how the frequency of 
occurrence varies with month, exhibiting the expected maximum in August 
(roughly 10 days) and minimum in December/January (3 days for Vancouver 
International Airport, I day fo r Ahbolsford Airport). The frequency of 
occurrcncc at the up--va lley sile is sharply peaked in August and September, 
while the valley mouth site has a much broader peak. T his is presumed to be 
due to the greater difficulty with which the circulation pcnctrat~ the valley 
under all but the strongest heating conditions. This factor is presumably also 
responsible for the generally lower frequencit:S at Abbotsford Airport. The 
observed frcqueneies of summertime occurrence at Vancouver International 
Airport are roughly comparable to Lyon's (1972) obscrvation5 for Ch icago in 
the su mmertime. 

The times of onset and c(ssation (and duration) of sea-breezes at 
both sites are shown all Figures 4.1 and 4.2. The limes of ansel/cessation 
exhibit the e)(peeled minimum/maximum in summer. with the effect being 
much more marked for Abbotsford Airport. The maximum duration is 8 to 9 
hours at bOl h sites, but this duration is observed for 7 months (March to 
September) at Vancouver International Airport but only 2 months (July and 
August) at Abbotsrord Airport. This effect is due 10 tbe relative. proximity of 
the latter station to the L'OaSI-line. 

Figures 5.1 and 5.2 show the mean wind speeds before, during, and 
at1er sea-breezcs at both sites. The strength of the flow is roughly 3 ffiS' 1 at 
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FIGURE 3.2. As for Figure 3.1, bill for Vancouver International Airport.. 
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f'lG URE 5.2. As for Figure 5.1, bUI (or Vllncouver International A'rpuri . 

both sites with very little monthly vari:tt io n. Similarly, the flows before and 
after appear to be roughly comparable at I to 2 ms-I 'in most months. 

D 

These dtscriplive statistics bear no surprises when contrasted wit h 
data fo r comparable mid-lati tude locations as su mmarized by Atkinson (J9S I). 
T he minor differences between the two sites arc clearly due 10 their different 
distances from the coastl ine. The fo llowing section wi ll show quite marked 
differences in the hourly averaged statistics at the two sites. 

4.2 Mean hOllrly behaviour 
Whi le the statistic; presented in Tables 2.1 and 2.2 and examined in section 4. 1 
give an indication of the behaviour and occurrencc or sea breczes o n 3. 

mOnlhly time scale, it is instructive to exa mine thdr behaviou r at much shorter 
time scales. In particular, the average hourly hodographs arc or interest as they 
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show the inter diurnal ' rotation' of wi nd direCtion (A tkinson, 1981). This form 
of di<lgrammat ic representat ion has been used by McCaffery ( 1966), who 
shows very dearly the vccring (for the nort hern hemisphere) of wind during 
sea breeze days at Kinloss, Scotland. In thc case of an unobstructed si mple 
coastline. the rotation resu lts in the sea - and land brcezes blowing ncarly 
parallel rather than perpendicular to the eO~l stlinc in thei r lme stages 
(A tkinson, 1981). We wi!i show how topograph ic influences modulate this 
effect in thc lower Fraser valley. 

A prdiminary analysis of hourl y average hodographs fQr cach 
lI10mh at Vancouver International Airport shows two distinct patterns, 
distinguished by the presence or absencc of a Southerly cOmponent in thc 
daytime winds. T he months April to August show a consistent sout herly 
component which WilS absent in the remaining months. In order to 
demof1.<,trate this, hodographs were compiled for these twO sub-ann ual pcriods 
which correspond roughly with the summer and winter sea~ons. While it must 
be realized thai the use of" monthly averaging interval is arbitrary, a smaller 
one (say ten days) would reduee the sample si'le to unreasonably small va lues. 
The result of this is that the two "seasons" described above are defined with a 
resolution of one month. Figu res 6.1 (a) and 6.1 (b) illustrale the hodographs 
fo r Vancouver Internat ional Airport during these lwo ·'seasons". 

Both hodographs show clearly the onshore/offshore nat ure of the 
sea-brecze/land-breel.e circulation. This is not surprising since it is buil t into 
our defining criteria. What is remarkable is the very steady tra nsition between 
the regimes, each transition I a.~t ing 4 to 5 hours. Both onshore and offshore 
regimes have 1lu rprisingly constant speed and direction during both "seasons". 

Whil e both hodographs show the rotation due to the eOecl of the 
Coriolis fo rce on the evolving circulation, two distinct types of lopographic 
effcct arc seen to be important in the two seasons. In the case of Vancouver 
International Airport in the summt.'1't.ime, (Figure 6.2a) upslope and downslope 
winds related to the north shore mountains arc impo rtant before and aft cr 
noon respectively. T he wintertime case (Figure 6,2b) shows a simple onshore/ 
offshore pattern, presu mably due to the effect being a largely local one because 
of smaller radiant forcing. The Abbotsford Ai rport data (Figure 6. la,b) show 
the dominance of chanelli ng by the upper Fraser valley which trends roughly 
North East-South West (see Figure I). 

An additional dynamical elTect is indicated by the presence of 
much larger southerly wind components in lhe summertime tha n in Ihc 
wintertime during the hours 0800 to 2000 (rough ly corresponding to times of 
incoming shortwave radiation during summer). It is presumed that these 
southerly components arc due to a superposition of an anabatic fl ow due to 
solar heating of the dominant north waH of the lower [-'raser valley (see Figun: 
I) on the sea breeze. Th is effect is presumably not evident in thc wintertime 
due to mueh reduced so1:lr heating, even on the equat or-facing slopes. The 
plausibility of this mechan ism is indicated by the frequent summertime 
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Figure 6.1 a 

Figure 6.1 b 

s 

FIGURE 6.1. Hodograph of mean hourly wind vectors for sea breeze days at Abbotsford Air
port. The centre represents the station and the wind vectors are directed from the plotted points 
towards the centre. Numbers near the plotted points indicate the time of day in standard time. 
a) Summertime conditions (April to August inclusive). 
b) Wintertime conditions (September to March inclusive). 
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Figure 6.2 a , 

Figure 6.2 b 

'" s 

FIGURE 6.2. As for Figure 6.1 but for Vancou",r ]nl~rnational Airp-ort. 
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occurrence of cumul uS" clouds l.Ilong the nort h wall of the valley (Hay and Oke, 
1976), and Atkinson's ( 198 1) report of the compl.Irable intensities of sea/land 
breezes and slope/vallcy wi nd systems. 

The hodogldPhs from Abbotsford airport (Figures 6.2(a) and 
6.2(b» exhibit powerful topographic constraints during both seasons. T he only 
seasonal dinerence being a stronger summertime (roughly J m .') 1) than 
wintertime (roughly 2 m .'II) upvallcy now. No signi fi cant veering (or backi ng) 
is evident. and it m:ly be assumed (hat the wind direction is ent irely determined 
by the orientation (NE/SW) of the upper Frasa valley. Since the sense ofland/ 
S{~a breeze and valky circulations is the same, it is not possibk to determine 
(from the presel1l data) the rdal ive contribUl ions of the two mechanisms. 

Confi rmation of mechanisms ptef;ulllcd to underly the effects 
om:erved at these two locations can only come from dyna mical studies of the 
phenomena whose existence, scales and typical behaviour is disclosed by 
climatologic studies of this kind. 

5. CONCLUSION 

The study has demonstrated the existence in a ll seasons of land/sea breeze 
circulations in the lower Fraser valley. B.C. The descriptive statistics of mean 
monthly conditions show behaviour (in terms of onset, duration and int ensity) 
sim ilar to that observed in regions with no topographic constraints. An 
exa mination of the diurnal behaviour of wind direct ion shows strong 
interact ion between the sca brecze and slop"" winds ncar the shorel ine, and 
between the sea breeze and valley winds fu rther lip the Fraser valley. 

6, AC KNOWLEDGEMENTS 

Th is work was 5upported by Subvention Fu nds from Environment Canada 
and grants from the Natural Science and Engineering Research Council of 
Canada. Tim Oke provided extensive and helpful commentS on an early 
rnanusl.Tipl. Sandra Pan Iyped the linal manuscript while Paul Janel." drafted 
the diagrams. 

K l! fERENCr:S 

Atkinson, B.W., 19111; .iI1l!scrscale Alilluspl/eri(' Cirw/alions. Academic Prcss, London. 

495 pp. 
Barbato, J .P., JQ78: Areal pmamelcrs of lhe ~(l brl';e'le and its vertical structu re in thl'; 

BOSton basin. HIlII. Allier, Meleorol, SO(·., j9, (11), 1420-1431. 

Diggs. W. Gale and Maurice E. Graves, 1962: A I:lke breeze index.J, Appl. Meteor" I, 

(4),474480. 
Concord Scientific, 11)82: Final Rep/Jft. Van'vlI~·tr Oxidalll Slildy. Air QualilY AIIII~VJi,f. 

Prepared fo r Enllironrnt'llt Canada, Environmental Protection Service, 

38 Climatological Bulletin / Bullet in dimatologique 20(3) 1986 



Vancouver, B,C. 

Enl.~lie, J .H .> 1968: Wind Flow in Burra rd Inlet . Vancouver, B.C., A Su mmar)' of Six 

Years of Data. Canada, Depa n mcnt of Transpqrt, Metcorologi!;al Branch, 

Toronto. Circular T EC-686. 14 pp. 

1-1 :'1)" J. E. and T .R. O kc, 1976: The Climate of Vancouver, Tantalus Research, 

Vancouver, 49 pp. 

Lyo lls, W.A.. 1972: Thc cl imatology a nd pr~dict ion of the C hicago lake bree-Le. J. Appl. 
Meteor" II, 1259-1270. 

McCaffery, W.O .S., 1966: 0 " Sea Breeze Foretasting Techniqlles. Memora ndu m No. 12, 

Forecasting Tcchniqtll.:s Branch, MfL Office, London. 
Waltl ichuk, M., 1957: Physical oceanography or tho: Strait of Georgia, Brilish 

Columbia. Joum. Fish. Rn I1tl, of COl)(llla, 14, (3), 321-486. 

Walsh, J ., 1974: Sca breeze theory and al>plic:lt ions. j, Almos. Sci., 3/, (8) 2012-2026. 

D.G. Steyn alld D.A. Faulkner I Climmology of Sea-IJreeZl:s 39 



Fluctuations thermiques et 
heliometriques hivernales 
au Quebec (1945- 1979) 

Andre lIull)' 
Departcment de gcogri\phic 
Univcrsi tc Laval 
Quebec (Qlicbcc) 
GIK7P4 
rM:muscrit r~u Ie 20 janvier 1986; revise Ie 27 mai 1986J 

I>endant la periode 1945 it 1979. Ics IcmpCralUrL'5 clles ncbulosi tCt! hiYcrnalcs oni, Ie 

plus souvcm, nUC\tlC dans deli sens opposes uu nord Cl au sud de Quebec (unc baissc de 

la Lcmpera(Urc <:\ une hnuS5c CQIUOintC de l'cnsoleillemcnl d<lnS Ie nord coincident avec 
un hiver plus doux cl plu~ L'Quvert dans Ie sud, ou I'inverse). CC~ fluctua tions onl etc 
rclites a til's vllrialions dC's champs de pressions en lllli(ude, a des echelles Icmporcllcs 
dilT~rentes, de III journ~e iI la dcccnnic. 

SU MMAKY 

A 1>tudy of winter tcmper:Hufc and cloudiness was conducted for the provim.1: of 

Quebec during the period 1945 to 1979. It was found thut for the northern lind the 
southern partS orthe stllle, these I'iHiablcs fluetllated in opposite senscs. These 
nuctuations were found to be related 10 pressure variahility ,II high alti tude. CO I\sistent 
patterns of pressul1: variability were related to these temperature and cloudiness 

nuctu;l1ions lit aU time scales studied. ranging frorn daily 10 decennial. 

u) INTRODUCTION 

La plupart dt!.~ et udes de "Iluctuations climatiques" conccrncnt des clements 
dimatiques isoles de leur contex te et il faudrait davantlge parler (I'<l nomalies 
thcf1l1iques. rluviometriqul!..~ ... que d imatiq ues. NollS avons e~sayc, dans cellc 
OOlC, de considerer deux elements, la tcmpe-ralllrc e\ J'cnsoleillc1l1cnt, sans 
I.'ssayer cependant de. [es relief :I priori par un modele physique ou statislique. 

Now; aVOllS retenu trois stationS qucbCcoises considcrees, par des 
ctudt:S ant6.rieures [T heriau lt, 1983 el Hufty et Pcriard, 1985], cnmmc 
represcm:llivcs de leur region ct silui:cs dans des zones climatiques difJe rcntcs. 
La periode consid~rce commence cn 1945, epoque a laqucllc Ie rcseau de 
mcsun:s de l'cnsoJcillement s'esl etendu vers Ie nord. 

II peut eire interes~anl d'i:tudier d'abord Ic.s nuctualions annucllL'S, 
mais il [uul dcsccndre. a J'cchelJe saisonnicre ou jo urna lii: rc pour voir 
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apparailre des phtnomenes plus intcressants qui SOIlI relies aux anomalies de In 
circu lation almospherique. A titre d'excrnple, nous avons sculcmcnt rClcnu la 
pCriodc hivcrnrdc, 

! , Nllc:lllaliolls Ihermiques an/welle:.' 
Le tableau I montre que la periodc 1a plus chaude S'CSI terminces vers 1945-50 
pour I'hemisphere nord et 1950-55 pour Ie Quebec, un peu plus tot dans Ie Slid, 
un pcu plus lard tlalls Ie nord, La temperature a ellsuite nuetue autour de la 
moyell nejusqu'en 1961 pou r faire place ,'\ une periode plus froide de 1962 a 
1972. Lcs annccs subsequclltcs mantrcnl une gra nde irrcgularitc thermique 
avec une tendancc act uelle a la hausse, mais trop rCccnte pour en tiTer des 
conclusions, L'jrregularite interannucile reste cependant Ie phcnomcnc Ie plus 
remarquablc (voir par cxemplc la station de McGill, 1871- 1975, rHurty, 198 1]), 
mais il est ma<;que par lcs mayennes de cinq annccs, 

La periode de trois ans la plus chaude s\~lend de 1951 ;i 1953 dans 
Ie sud du Quebec et de 1953 a 1955 dans Ie nord. L ',mocc chaude de 1953 ne 
s'cst pas ctenduc au-dcl:i. du 50c para i!i:ie el 1'[lOnCe chaude de 1955 Il 'a pas 
atlei nt Ie sud-est du pays. 

Les periodes les plus froidc.s calculccs :J. partir des moycnncs tic 
trais ans laisscnt ega lement voir des dccalages temporels entre Ie sud ( 1961-
1963 ct 1970- 1972) et Ie nord (\96J-1965). La correspondancc Ja meilleure entre 

Tl\nLLMJ I EClIr15 anOllCt~ moyens des l~mpel:l.llIIct moycnncs- el tics tnsoleillcmems (pc:rlOd~'S 
de.5 Dn~)1 

lemp.;r.lIUrI.-S Ensoleillcmenl 

h~misrhht': L~lJn()ltvilie I\lbanei Inllt.:Jlmt.: Lcnnmville Inukju:.t.: 
nord 45~2'N 41S~53'N 5l:!°27'N 

194549 10,08 - 0,15 -0,52 -0.36 '00 '" 1950-54 +OJI4 +0,15 +0,51:\ -O.Q6 " 10) 
1955-59 -1),06 -0,35 -0,32 10,04 ,OJ 97 
1900-(>4 - 0.01 -0,45 - 0,42 - 0,26 '" 96 
1965-69 -0,2\ - 0,45 -0,22 -0 .. ·6 '04 " 197()'14 -O,t9 -0,35 -0,72 -0,106 99 '" 197H9 -0,06 - 0.05 _n,2l - 0.66 '00 III 

Maxirnu'n 
IInnuel +0,48 +1.5.5 + J.6~ +2,OJ ", '" 3nn~ 1981 1953 1953 1955 196) lQ74 

Minimum 
annue[ -0,42 - /.I 5 - 1.92 -3,76 " " arln' .. ~ 1972 1 <)62, 1 97~ (972 1972 1954 1957 

difrcrenccs- ~ la normal.:, 1'146-1'160. en "C pour les lcn'peralUrcs el en pourctnlllg~"S de <:cUe 
moyt:Tl!Je pour I'tllsoleillenlem , K~lIy .. , (1'182) 
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Ics sta tions de LennoxvilJe, Alband t:I Inu kjuak semble s'obtenir en decalant 
les periodcs a mesure qu'on va vers Ie Ilord, qui subit les lendances avec relard 
de plusieurs annecs. C'est dayantage une hypothese a verifier qu'une relation 
bien etabJie. 

2. Fluclua/iofJ$ de lemo/eillemelll 
L'evolution de I'insolation (tableau I) monlre une relation inverse entre Ie nord 
el Ie sud; I'e nsoleillemenl dcpasse la norrnale dans Ie sud entre 1955 el 1969 
dans Ie sud du Quebec mais est deficitaire dans Ie nord pendant la meme 
periode. 

En regroupanl la periode en 3 decennics et en Irava illnnt celie fois 
a I'cchellc saisonnicrc (tableau 2), des tendances plus precises apparaissent 
[Hufty, 1984]. 

·rA~U:'''' 1J , Comp.lrlliroll s3iso llni~rc de I'ensolcillemcnt iI Lenno~villl' (LEl ct a Inukjuak. (IN); 
vakurs en pourcenwgl$ de la mo~cnne 1947· 1976 

47-36 
57-66 
67-76 

hiver 

(dkcmllic Ii mars) 
IN LE 

106 
92 

101 

88 
109 
104 

'" (j ui lkl ;\ sept.) 
IN LE 

100 
91 

108 

101 
101 
99 

prinlcmps cl 3Ulomne 

IN 

100 
90 

"" 

LE 

" 105 
OR 

Le.<> trois decennies ont des allures saisonniercs et regionales 
difTcrentes: entre 1947 el 1956, de decembre a juin, il a etc tres rare de trouver 
un mois bien ensoJeille dans Ie sud; il s'agit d'ailleurs de la periode la plus 
remarqu3blc et la plus constante au cours de 30 annees de mesures. De 1957 a 
1966, la majorile des mois, quelie que soit la sais(Jn~ onl con nu ul)e isolation 
moyenne au forLe a Lennoxville. De 1967 a 1976, c'est l'irreguJarile qui domine 
et Ics periodes continues favora bl es au sud ou au nord oe durellt gucre plus de 
deux mois coosecutifs alors que les periodes de 5-6 mois ont etc nombreuses de 
1945 a 1955. Les hivers sont relativemenl plus ensoleillcs au sud et Ie debut de 
I'automne (septembre el oclobre) plus ensoleille au nord. 

Enfin , Ie tabJeau [ monlre, qu'a J'echel1e choisie, les fl uctuations dc 
la temperature el de l'ensolcillcmcnt semblcll t indcpendanles I' une de I'autre. 
Cepcndanl, en passant a I'echelle saisonnii:re - nOllS nous sommcs lim il t!s a 
I'hiver dans cetle note - nous a llons voir appa raitre des regulariles que nous 
pourrons mctlre en relat ion avec les nuclual ions de la pression at mospherique. 

b) LA SArSON HtVE RN ALC 

I . Comparaison des /livers elllre deux decl!lllI ies 
Deux auteurs (Dickson ct Namias, 1976J ont compare deux series decen nalcs 
d'h ivers dans I'esl des EI31s-Unis. NallS avons etcndu leur travail au Quebec en 
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COnservant les memes series, e'est-iJ.-dire les hivers de decembre 1947 fa fevrie !" 
1957 et d~ dccembrc }957 a fcvrier 1969 (tableau 3), Nous avons de plus ajoule 
les ensoleillemellts. 

rARL r:A U l T"c mrera lure5 decennales ct ctlSolciJlcmtll( tn hiwr 

TEM I'ERATURES (cn "C) 
Ensolcillemcn( ( 1945-78) 
(CIl % de la moyennt) 

Illukjulic Albancl l~ nnvxvillc Nashville Inl1kjllak Lrnnoxville 
(58°) (49") (45") (J6") 

1947-'7 - 22,5 - 13,9 -8,0 ~5,7 11 0,6 88,J 
1957-69 -2 1,8 - 14,9 - 9,5 ,.J.4 84.9 107,7 
DjlT~rencc ., 0,7 - 1,0 - 1,5 - 2,.3 - 25,7 + 19,4 

Dans Ie sud-est des Etats-U nis (par exemple In station de 
Nashville), la temperat ure moyenne hivcrnale a baisse de 2,3 eillre les deux 
periodes. Le meme pllt!nomene se rct rouve dans Ie sud du Quebec rnais 
s'inverse dans Ie nord, montrant done line decro issance avec la lalitude. 

Au Quebec, cette carialion de temperature s'accompagne d ' un 
chllngement oppose dans I'ensolcillcmenl: des hivers plus chauds sonl correJt!s 
avec des hivers plus nuagcux. 

La repart ilion des alti tudes de la surface isobarique de 700 mb a 
neHement change entre les deux periodes lDickson et Namias, 1976]: pendant 
Ics annees chaudes, une crete plus frcqucntc sur Ie sud-cst americain (Ie rappon 
entre la deviation a la moyenne el i'ecart-type aHeinl + 1,8) fa vorise un fl ux 
d 'air chaud supplcmcnlaire cn provenance du gol fe du Mexique et un creux 
pendant les :lIlnees froides, etendu a lOUie la cole americaine, fa vorise les 
penetralions d'air arct ique ou polaire du nord-ouest. Une situation inverse 
existe dans Ie nord: creux anormal entre Ie Mackenzie el Ie Groenland pour Ics 
l1ivers 47-57 cl hausse de la pression en 57-69 [figure I DJ. 

De plus, entre les deux decenn ies, la frcquence des depressions 
cycloniqucs decroit dans la region des Grands Lacs el au sud Groenland 
pendant qu'c lle augmenle sur I'ouest de l'Atlantiquc, de la cote de Floride au 
sud-est de Terrc-Neuv(', Ie tout s'nccompagnant d ' une hausse du gradient de 
temperature Ie long de III cote americai ne elllre Ie continent et I'ocean, Ce 
contraste thermique favorise lin dcplaccmcnt vers Ie sud-cst de la zone de 
cyd ogent!se de J'Atlanl ique Ollcst et une baisse de I'activitc cyclonique associee 
a Ia bass!! pression d'islamlc. 

Deux tnois de decembre illustrent particu lieremeJlt bien Ics 
relations entre Ie,>; anomalies des donnees heliolhermiques et celles de la 
circulation almospherique (t ableau 4). 

En decembre 1953, on a observe un gradient thermique 
considera ble entre Ie sud el Ie nord du Quebec, avec des lemperat ures Ires 
douces dans Ie sud accompagnees de fo rtes ncbulosites et des records de froid 
dans Ie nord, sous un ciel clair. En deeembre 1955, In situation inverse s'est 
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F I GUI{l~ L Pressio(\s rela lives h,vcrnales $ut Ie Quebc.: pour des eosolcillemen(s rcla(,fs ~ 
Lel100xvillc (45'>NJ "I it. l nllkjuak (58°N ). 

Iraduile par une unifor miSlI tion des tcm perAt ures et une nebulo5ite 
decroissante du sud au no rd (voir tableau 4). 

En 1953, Ie flux d'ouest en alt itude a etc Ires rapidc, favor isant une 
grande aClivite cyc\onique des Grands Lacs a Tcrrc-Neuve ct au sud-est du 
Groen l:lIld el un flux anticyclonique de nord-ouest au Nou veau-Quebec 
rWinsto n, 1953 et ligurc IC). 

En 1955, Ie nux d'ouest a (: tc bloq uc a plusicurs reprises pa r des 
ha utes pressions centrees sur la terre de Baffin . Des incursions d'a ir arctique 
anticycJonique sont dcsccnducs vcrs Ie sud-cst, du nord des Grands Lacs ver$ 
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TA6LIiAU 4 Ti::mpera(ur~~ ~l cnso(dllerlH;nl en dccembre 

~Imoxvlll~ 

Inukjuac 

Tcmplra(urc ("C) moycnne 
Ensoleillcment en % 
de la ml)ye l] n~ 194>78 

dtcembrc 1953 dCccruhre 1 9~~ dcc~mbrc 1\153 dccembrc 1955 

- 2,3 
-21,S 

-12,] 
~II,4 " I9U 

105 
J9 

la NouveUo-Angleterre au des records de froid Dnt tIe enregisl res pendant 
qu' un air polaire maritime perlurbe de nord-est cnvahissait Ie nord du 
Nouveau-Quebec lAndrews, 1955, et figure ICJ. 

2, Comparaison entre de~' mois et (/e.~ jourll(!es d insolation different£" 
pendent 10 periode hivemale (deCl'mbre a/brier) tie 1945 a 1975 

(i) opposition entre Inukjuak el Lennoxville 
A partir des cartes publices mensuellemcnt dans les "Monthly Weathcr 
Review" , nous avons cakule, ell chaquc point d'une grille centree sur Ie 
Quebec [figure IA), les fn!qucnces des pressions mensuelles hivcrnalcs a 700 
mb supericurcs a u infcrieu rcs a I:l moycnnc de J950 it 1978, pour deux 
sit mit ions difTercntes reprises au tableau 5.1: d'une pan, insolation 
simultanemenl superieur" a In moyenne a Inukjuak et infcrieurea la moyclme 
a Lennoxvillc ct, d 'au tre part, insolation li la fois raibJc au nord et rorte au 
sud. 

Le pre.mier cas correspond a des frequences elcvces de hautes 
prcssions en alt itude dans l'est dll Quebec et sur Ie Labrador CI une grande 

rAIII. ~AlJ s TC lOl rCml ures mOYCJm~s CI CIlSOltlllcmcnts rclali(~ a I,cnnoxvllI~ CI Inukluak 

I. v4leu,s mMwellu de 14 rcmpe'alur~ moyrllll~ /r;Yl!malt. emu If/45 ~/ 1978 

InuJtjUlik 
Lcnnoxv,Uc 
dillercnc. S·N 

moy~nnc de moyennc pOllr moyenn. pour 
la¢riotle I > L(1j 1< 1. (1) 
(113 mob) (15 rnois) (23 mo;s) 

- 22,J 
- 9,4 
22,9 

-23.2 
- 6,4 

16,8 

~20,2 

-10,3 
9,9 

2. V(J/curJjOUfIIfllihes U~ III lemptrfl/urr, en/'I" dkembr~ 1969 el fivr;rr /1I7(J 
rnoyenne de mOy~JH1e pour mnyl'nnc POUI 
la plriode I > L ( I) 1< L (I) 
t'JO jours) ( 15jollrs) (23 Inurs) 

lnukjuak -22,0 -27.1 -19.4 
LennoKvitic - 11,1 - 7,5 -13,5 
difftrenee S-N 10,Q 19,6 j ,9 

1 > L: pour Irs 15 mois (jours) Oil I'insolalion a eU: s uperieurc ~ 13 Il1nycnne a lnukjuak CI en 
m':mc lcmps. inferieurc ii la mo)'ennc ~ t.cnno~villc; siwalion inverse pour IJ colonne 
SUlvanlC 
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variabilitc des pressioLls au nord-ouest; Ie second cas se tradui! par un 
envahissement des basses pressions en altitude dans Ie cenlre et Ie sud-est du 
Quebec, avec des hautes pressions a I'extreme nord. 

Nails avons fait Ie rneme travail a une echeJle journaliere, de 
decembre 1969 a fhricr 1970 pour Ie niveau de 500 mb et cartographic cctte 
fois les ecarlS moycos de In hauteur du nivcau, loujours pour les deux types de 
sit ua tions heliometriques decriles plus haul et reprises au tableau 5.2. 

Lcs ecarts a la pression moyenne sont Ires semblablcs nux ccartS 
mensuels; on voit des hautes pressions au sud-est [figure IB] , accompagnees de 
basses pressions au nord-ouest et au sud-ouest, dans lcs cas ou l'ensolciHement 
a lnukjuak dcpasse celui de Lennoxville el, d'autre part, des basses pressions 
en altitude au sud du 50e parallCie dans la situation heliometriquc inverse. 

Les differcntes echelles temporelles sont rassemblees sur la figure I. 
On voit qu'il y a une certaine coherence dans les resultats quelle que soil 
l'ecnelle. Dans la comparaison, i! faut evidemment tenir compte que Ics valeurs 
moyennes obtenues a une echelle donnce sont Ie resultat d 'u n melange de 
situations tres variables a une echelle temporcllc inferieure (In journee par 
rapport au rnois, Ie mois par rapport a la saison, .. ) CI la presence de qucJqu~ 
cas extremes peut changer une moyenne. 

En hiver, un renforcement des pressions en altitude au sud au au 
sud-cst du Quebec. accompagne d'u ne baisse au nord-ouest, signilie une 
augmentation regionale du gradient meridien de la pression et de l'intensite du 
nux circumpolaire de sud-ouesL Celie si tuation se Iraduit ii la fols par une 
baisse de temperature et de m!bulositc a Inukjuak (frcquence plus grande d'nir 
arctique ou pols ire continental) et une hausse de temperature et de nebu losite 
a LennoxvilJe (frequencc plus grande d'air humide de sud-ouest), donc un 
gradient thermique no rd-sud tres important. 

Une hausse des pressions en altitude au nord au au nord-cst du 60e 
parallele, conjointement a une baisse des pressions au sud de 50e parallcic, 
correspond :i une dimi nution du nux d'ouest, avec de frequents blocagcs de ce 
nux ct of un gradient Ihermiquc me ridicn! faible au sol. Le sud du Quebec est 
ensoleillc el froid (air arctique de nord-ouest plus frequent) el Ie nord, couvert 
et relalivemcnt chaud (arrive~ d'air polairc maritime atlantique). 

(ii) situations semblables a Inukjuak et Lennoxvilte 
En rassemblant les mois au, pendant la saison hivernale 1945-J978, 
l'ensoleiJlcment a etc fort a u fai ble simultanement dans les deux stations, on 
oblieot Ie tableau 6. 

On constate, a la lecture de ce tableau ct du tableau 5,1, que: 
(a) les ca~ ou I'ensoleillement est du meme type dans les deux endroits, 

soit forte , soit fai blc partout (19 mois au tOlal) sont ncHcmenl 
mains frcquent.<; que les situations au I'insolation est opposce (38 
mois, tableau 5. 1). C'esl particulicremcnt ... rai en dccembre: 4 mois 
du meme type contre 22 mois de types opposes. 
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I~8Lt~u~ . T",mperatura CI cnsoltllkolell( ~ l .c rmoxville ~t Inukjullk (valeun tncnsllell~s, de 
1945 a 1971), df decetnbre!l fencr) 

ToIlS Ir:s mois Mois avec Mois avec 

fort~ faibl" 
"nsolcillcment' ensolcillernenl l 

(93 muis) (8 rn oi$) ( I I moi~) 

Inukjua k -22,3 - 25,J - 20,6 
Lenno)<ville - 9,4 -12,5 - 9,6 
dirr~r"nce SoN 12,9 12,11 1]'0 

II mois pcndanllesquels l'ensolciUemenl a etc superieur;' la moyennc mcnsuelle a la fois It 
Lenno~vill~ el ~ Inukjuak. 

l I I mois, nv~ ensolciUemcnt inf4!neur ~ III moyennc IIU~ deu~ stations. 

(b) Un ensoleillement cleve dans les deux stations coi'ncide avec un 
refroidissement et une forte nebulosile avcc un reChiluffement, 
D'autrcs etudes nous ont montrc [Hufty, 1984] qu 'un 

cnsolcillcmcm fort dans les deux stations se rattachait Ii la frcquence d' un flu x 
de nord-ouest, a J'avanl d'une crete d'alti tude ou a I'arricre d'un creux, avec 
hausse du gradient de pression SW-NE, landis qu' unc forte nebulosite sur tout 
Ie Quebec col' respondait it un renforcement tres net des prcssions dan!> Ie nord
est, un blocage du flu x d'ouest et I'advcction loin vers I' intcriuer du cominent , 
d'un flux maritimt: allantiquc. 

c) CON(;l.USJON 

(a) Les fluctuat ions de 1a circulation regionale occasionnent des 
fluctuations therm;qucs et Mliometriques qui affectenl 
difTeremmcnt Ie nord et Ie sud du Quebec, Dans la majorite des 
cas, les cITets des fluctuat ions ont etc de sens inverse entre Ics deux 
zones. Les stations situees sur I'axe Abitibi-Lao-Saint-Jean 
ccpendant, done sur un axe intermediaire entre Ie nord el Ie sud , 
a nt eu des variations tres faibles; it eet egard, si elles sont mains 
~cnsibles aux variations regionales, e1les scraient peut-etre Ics plus 
utiles quand 0 11 veut etudier des changements climatiques plus 
etendus. 

(b) Celle frcquence plus eievce de fl uct uations mensuelles de sens 
inverse est suffisantc pour in fluencer les valcurs hivernales ealculees 
sur des periodes de 10 ans. 

(c) Sans prejuger de I'existence de causes qui !>e manifesteraient sur 
une etude spaliale pluS vaSle, les fluctua tions clim~ tiques hivernales 
observees au Quebec se mblent correspondre it de!; changements 
dans Ie regime des cou.rants d'oues!. Ce qui rejoint d'ail!eurs 
I'opinion de Lamb ( 1977) "The frequency of W'ly sit uations over 
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the British Isles over the whole year has varied in a way that fai rly 
closely parallels the indexes of strength of the North Atlantic 
westerlies and Trade Winds, particu larly in J a nuary. The degree of 
parallelism with the course of global mean temperature s uggests 

that the number o f W' ly days over the British Isles is anilldex o f 

globa l signifi cancc" (rH. , p. 500). 
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News and Comments ' 
Nouvelles et commentaires 

ATLANTIC REGION CLIMATE WORKSHOP 

Peter Dzikowski, P.Ag., Chairman NSCAC 

Nova Scotia Department of Agriculture and Marketing, Truro 

On October 30, 1985 a Climate Workshop was held in Dartmouth, Nova 
Scotia sponsored by the N.S. Climate Advisory Committee. Over a dozen 
papers were presented on topics including, the Canadian Climate Program, 
climate network design, several mesoscale climate network reports, 
dataloggers, and climate applications for agriculture and water resources 
management. In addition, there were short presentations by the Newfoundland 
and Labrador, New Brunswick and Nova Scotia CACs. . 

Proceedings of the meeting will be published the summer of 1986. 
Anyone wishing to obtain a copy should contact: 

Mr. Bill Richards 
Atmospheric Environment Service 
1496 Bedford Highway 
Bedford, Nova Scotia 
B4A IE2 
or call: (902) 835-9529 
A limited number will be printed so respond promptly if you are 

interested in obtaining a copy. 
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CANADIAN ASSOCIATION OF GEOGRAPHERS 
ANNUAL MEETING 1986 

Palli Papirnik 
Research Management Division 
Alberta Environment 
Edmonton, Alberta 

The Canadian Association of Geographers Annual Meeting was held June 18-
24, 1986 in Calgary, Alberta. There were approximately 300 attendees. There 
were three sessions on climatology and the related field of remote sensing and 
climate. 

T. Oke (British Columbia) chaired the first session in the morning 
of Friday, June 20, 1986. The first paper concerning orographic effects on 
rainfall patterns in Newfoundland was presented by C. Banfield (Memorial). 
His study found that the degree and form of topographic control over the 
spatial pattern of surface rainfall amounts, rates and duration was shown to 
vary with wind, humidity and stability conditions. M.B. Giovinetto (Calgary) 
discussed atmospheric water vapour and latent heat fluxes in the southern 
polar region. His findings suggest that these fluxes may be overestimated by 
approximately 15% and adjustment to these fluxes in world and southern 
hemisphere climate models is warranted. From the antarctic, interest shifted to 
subarctic Canada. S.J. Vermette (McMaster) discussed the summer 
precipitatio,n chemistry in Churchill, Manitoba. The concentration of elements 
was found to vary with rain events, dependent on surface cover and air 
trajectory. The final paper of the session concerned avalanche hazard and 
climate and was given by R. McFarlane (Maine). She concluded that the 
avalanche hazard in Maine was limited in its aerial extent but is affected by an 
increasing number of winter recreationists. A multidirectional snowfall pattern, 
which brings moisture eastward from the Great Lakes and northward from the 
Gulf of Mexico, was also a factor. 

Three additional papers were presented in the afternoon session 
chaired by M.B. Giovinetto (Calgary). T. Oke and H. Cleugh (British 
Columbia) provided estimates of the urban heat storage in Vancouver. These 
first estimates of the hourly variation of heat storage were derived as residuals 
when the radiative and turbulent components of the energy balance are 
determined separately. Energy balances were also dealt with by W. Rouse and 
S. Hardill (McMaster) in their paper concerning the comparison of the energy 
balance of the Hudson and James Bay Lowlands. The final paper was a joint 
paper by members of the AgMet Ratings Group of the Agrometeorology 
Advisory Committee and was presented by S. Dupuis (Alberta Department of 
Forestry, Lands and Wildlife). He presented the recently completed report on 
the agroclimatic classification for Alb~rta. The climatic classification uses 
energy, moisture and risk factors specific for crops grown in Alberta. 
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On Saturday, June 21, the session on remote sensing and climate 
featured three papers. P. Howarth (Waterloo) reported on work undertaken in 
the Saskatchewan River Basin which focussed on the use of satellite imagery 
for developing measures of climatic variability from snow cover and vegetation 
mapping. The application of remote sensing for plant resources management 
was presented by G.-H. Lemieux (Quebec Ii Chicoutimi). The final paper by 
S.J. Walsh (Oklahoma State), compared advanced very high resolution 
radiometer satellite data to meteorological drought indices such as the Palmer 
Drought Severity Index. 

The next CAG is scheduled for May 27-31, 1987 at McMaster 
University. Hamilton, Ontario. 

AGROMETEOROLOGICAL TECHNICAL SESSION 
AT THE AGRICULTURAL INSTITUTE OF CANADA 
CONFERENCE, 1986 

Elaine Wheaton 
Saskatchewan Research Council 
Saskatoon, Saskatchewan 

D. Murray Brown 
University of Guelph 
Guelph, Ontario 
NIG2WI 

The first Agrometeoroiogical Technical Session at an Agricultural Institute of 
Canada (Ale) Conference was held on July 8, 1986 at the University of 
Saskatchewan, Saskatoon, Saskatchewan. The primary organizers were 
Murray Brown, and Elaine Wheaton. Eleven papers and onc poster were 
presented addressing the two main themes of climate/weather information for 
agriculture and climate/land ratings. Murray Brown chaired the session. 

Three speakers of the first session elaborated upon methods of 
obtaining agroclimatic data at the meso-scale for specific regions. P. 
Dzikowski (Nova Scotia) reported upon the data collection program intended 
to produce climate maps at I :50,000 scale for major agricultural areas of Nova 
Scotia. S. Dupuis (Alberta) informed us of the findings of the climate 
inventory of the Lower Peace River Region, Alberta. B. Schneller's (Ontario) 
presentation concerned the on-farm season weather recording projects in 
Ontario. These talks emphasized the usefulness of climate and weather 
information for farm management and planning processes. 
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The remaining talks of this first theme focussed upon aspects of 
monitoring. Comments on the why, how and what of environmental 
monitoring, including an overview of the main problems of using small 
portable automatic data acquisition systems, were provided by C. Labine 
(Alberta). The results of a field test of a data collection system that uses radio 
telemetry to transmit real-time agrometeorological data to a computer in the 
laboratory were provided by H. Hayhoe and D. Balchin (Ottawa) and 
presented by A. Bootsma (Ottawa). The system was found to compare 
favourably with the telephone to automatically transmit data. The final talk of 
this theme was an assessment of the response of winter wheat to environmental 
humidity and was given by M. Kalliomaki (Guelph). The response of necrotic 
winter wheat tissue to humidity affects the fungal infection of the crop. 

Papers of the second theme addressed various aspects of the 
climatic resources for agriculture. The agroclimatic classification for Alberta 
uses energy, moisture, risk and several others factors specific for crops grown 
in Alberta, presented by S. Dupuis. A. Bootsma (Ottawa) detailed a project to 
assess climatic risks for agricultural production in the Prairie Region. Climatic 
risk assessment emphasizes the risk of occurrence of abnormal values. K. 
Jones (Regina) also dealt with abnormal values in terms of estimating the 
climatic change effects on drought frequency and duration in Southern 
Saskatchewan. Analyses using the Palmer Drought Indices indicated that a 
dramatic increase in drought frequences would occur with climatic warming. 
W. Nicholaichuk (Saskatoon) characterized the distribution and variability of 
precipitation on a small agricultural watershed in southwest Saskatchewan. He 
found that 'rainfall events of 6 mm or less represent an agriculturally significant 
portion of the growing season rainfall. The application of agrometeorological 
principles to crop studies at various scales, including the micro-scale (leaf 
photosynthesis and insect pest management), the mes(}-scale (energy exchange 
in plant canopies and fruit development) and the macr(}-scale (computing crop 
district yields for various climatic scenarios), was presented by Wm. J. 
Blackburn. The final presentation, by A. Bootsma (Ottawa), was a poster 
prepared by L.M. Dwyer, A. Bootsma and H.N. Hayhoe, displaying the 
estimation of soil temperature under snow cover. Various models were 
compared, with snow depth included in the revised model. 

The session was very well attended by agrologists and other 
professionals across Canada and much discussion ensued. The titles, authors, 
and abstracts of these papers are available from either D.M. Brown or E. 
Wheaton. There will be no proceedings of this first session published, but if 
more information is desired please write for a copy of the abstracts and further 
information can be obtained from the senior author of each paper. The next 
Agrometeorological Session with Ale will be held at London, Ontario during 
August 23 to 26, 1987. 

A business meeting was held before the session and the participants 
agreed, with enthusiasm, to the formation of a Canadian Society of 
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AgroMeteorology (CSAM). An executive and an initial set of terms of reference 
were established. Persons on the agrometeorologists mailing list will be sent 
further information. If you are not on the list, contact D.M. Brown (Dept. of 
Land Resource Science, Ontario Agricultural College, University of Guelph, 
Guelph, Ontario NIG 2WI) for more information. 

ALBERTA CLIMATE RESEARCH AND 
MONITORING PROJECT CATALOGUE 

Bonnie L. Magill 
Research Management Division 
Alberta Environment, Edmonton, Alberta 

Directories and annual reports published by various agencies contain limited 
information on climate research and monitoring activities in Alberta. These 
documents illustrate the diverse applications of climate data. However, there is 
not one single publication which highlights all the applied climate and climate 
research and monitoring programs. 

The Research Management Division, Alberta Environment, will be 
coordinating the compilation of an inventory of climate research and 
monitoring programs in Alberta undertaken or funded by government (federal 
and provincial), industry, universities, reseilfch institutes, and the private 
sector. 

The information provided by the inventory will facilitate the 
exchange of information and coordination of research and monitoring 
activities. The inventory will be updated annually to inform members of the 
climate community of ongoing and current activities. 

The inventory will be published as part of the Proceedings of the 
Alberta Climatological Association 1986 Annual Workshop. The Proceedings 
will be available in the fall of 1986. 
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EMPLOYMENT ANNOUNCEMENT 

The University of Alberta 
Department of Geography 
Edmonton, Alberta, Canada 

BIOGEOGRAPHER OR CLIMATOLOGIST 

Applicants are sought for one tenure-track position in Biogeography or 
Climatology at the Assistant Professor level beginning January I, 1987. Ph.D. 
completed or in final stages required. The applicant is expected to teach 
undergraduate and graduate courses in biogeography or climatology. A strong 
research, teaching and publication record in one of these areas is desirable. 
The applicant is also expected to contribute to the graduate and research 
activities of the department. 

Please send applications with resume, transcripts and names and 
addresses of three referees to: 

Dr. John Hodgson, Chairman 
Department of Geography 
University of Alberta 
Edmonton, Alberta 
T6G 2H4 

CLOSING DATE: October 31, 1986. 

The University of Alberta is an equal opportunity employer but, in accordance 
with Canadian Immigration requirements, this advertisement is directed to 
Canadian citizens and permanent residents. Th~ Division of Meteorology within 
the Department of Geography is active in research in physical, synoptic ond 
micrometeorology, and offers B.Sc., M.Sc. and Ph.D. degree programs in 
meteorology. 
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Book Review / Critique de livre 

GREAT LAKES CLIMATOLOG ICAL ATLAS. Andrej Saulesleja, ed. Environment 
Canada, Toronto, \986, 145 pp, $9.95 (outside Canada, $11.95); Available 
from Canadian Government Publishing Centre, Supply and Services Canada, 
Ottawa KIA OS9, catalogue no. EN56-70/1986. 

This is an attractive atlas, with maps of adequate size for clarity and sufficient 
detail, and parameters to describe many conditions of the Great Lakes. Fifteen 
pages of bilingual text offer sufficient information to understand how most of 
the parameters were computed. Although weekly median ice cover during the 
ice season is presented, most other mean parameters are shown for monthly 
andlor seasonal intervals. The presentation of frequency of occurrance, in 
addition to mean values of certain parameters is particularly useful 
information, in that the former confers a much more complete understanding 
of the variabi lity of weather and climate, apd facilitates planning decisions. 

Charts of monthly mean air and water temperature, and weekly 
median and mean minimum ice cover for the ice season are presented. The 
spatial distribution of mean seasonal wind direction and speed are also 
presented for each of 12 homogeneous climate regions of the Great Lakes, 
along with mean seasonal wind roses, and wave height exceedances for each of 
the Great Lakes, followed by the spatial distribution of seasonal percent 
frequency of occurrence of visibility less than I km, precipitation, and 5/8 or 
more cloud cover. These charts are followed by figures showing monthly mean 
and extremes of the following parameters for each of the 12 climatic regions: 
Air temperature, relative humidity, water temperature, air-water temperature 
difference, wind speed (with most frequent direction by month), wave height, 
wind chill, freezing spray potential, visibility, precipitation character, cloud 
cover by category, thunder, and "good" shipping weather. ("Good shipping" 
was defined as times with winds less than 25 knots and visibility greater Ihan 2 
nautical miles). 

The configuration of monthly mean (air) isotherms is mostly 
similar to (though coarser than) those for the 1951-80 period for the same area 
shown in Wendland et al. (1985), although magnitudes are generally greater 
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than the latter. The mean monthly isotherms presented in the latter were 
derived from observations of 24-hour max/min thermometers made at several 
hours of the day, but adjusted to midnight-to-midnight observations. Since the 
magnitude of the time of observation bias can be as large as about +2C for 
observations made near the time of daily maximum temperature (relative to 
midnight observations), and about -2C for those made near the time of daily 
minimum temperature, this could explain the difference in temperature 
between the two atlases. The difference could also be due to the fact that mean 
temperatures derived from observations from the last 3 decades may be less 
than those comprised of observations accumulated from a longer period 
because of large scale cooling since about 1940. The finer scale features of the 
Wendland el al. atlas is undoubtedly due to greater data density over land. 

Although units generally follow SI requirements, winds are given 
in knots and visibility in nautical miles, units more familiar to the users. 

The high regard that I have for the quality and products of this 
atlas is marred by poor description of data quality and quantity, as well as one 
or two definitions left to the imagination of the reader. The quality of atlas 
information is largely dependent upon the number and distribution of raw 
data. Unfortunate ly, such description in this atlas is sadly lacking. Data were 
acquired from the World Data Centre of the u.s. National Climatic Data 
Centre (1951-79), and the Canadian Climate Centre (through 1980). The spatial 
distribution of the raw data is not presented, and the number of data used for 
the calculations is only presented for wave height. This omission makes much 
of the information presented herein of unknown quality. In addition, quality 
control of the data is unspecified. We are only told "Although the u.s. data 
have been quality-controlled, another state of quality control has been added 
to eliminate some spurious extremes and observations erroneously positioned 
over land." 

Surface water temperatures were obtained from satellite infra-red 
data, except for Lake Michigan, where ship observations were used. The latter 
were ..... adjusted [unspecified] to roughly conform with the average ice cover 
conditions. " 

This reviewer believes that the above omissions impair the 
usefulness <,?f these charts, and should have been discussed. Even with the 
above problems. this atlas is a valuable addition to the increasing data base of 
the Great Lakes. 

REFERENCE 

Wendland, W.M., J.L. Vogel & S.A. Changnon, Jr., 1985: Mean 1951-1980 temperature 

and precipitation for the North Central Region. NCRCC Paper No.7. 
North Central Regional Climate Center, Illinois State Water Survey, 2204 

Griffith Dr., Champaign IL 61820. 30p. 

Wayne M. Wendland. Illinois State Water Survey 
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WORLD SU RV EY OF CLIMATOLOGY IA - H EAT BALANCE CLIMATOLOGY . 

A. Kessler. Editor: O. Essenwanger. Elsevier Science Publishers, Amsterdam, 
1985, xii & 224 pages, US $55.50; ISBN 0-444-42205-6. 

As explained by the editor and author in the foreword , this volume was 
intended for publication in the early 1970's, but due to a variety of problems, 
had to be postponed. In the process the editorship changed and Volume I was 
enlarged to two volumes IA and lB. This report is concerned only with IA 
enlitled "Heat Balance Climatology". 

The book is divided into 6 chapters as follows: 
CHAPTER I Introduction 
CHAPTER 2 Heat and radiation budget of the earth-almosphere system 
CHAPTER 3 Net radiation on the earth's surface 
CHAPTER 4 Latent heat flux on the earth's surface, evaporation and 

condensation 
CHAPTER 5 Sensible heat flux on the earth's surface 
CHAPTER 6 Heat flux into the ground 

The text comprises 190 pages with another 16 pages of references 
and 3 appendices. There are copious illustrations with 75 figures and 71 tables 
and, as will be noted below, these make a very important contribution to this 
publication. The contents of each of the substantive chapters are described 
briefly below. 

CHAPTER 2. HEAT AND RADIATION BUDGET OF THE EARTH

ATMOSPHERIC SYSTEM 

The fundamental equations for the radiation balances of the earth's 
atmosphere and surface are developed and Table 2 summarizes calculations of 
the solar constant, the planetary albedo, the solar radiation fluxes in the 
atmosphere and at the surface, net radiation, and the sensible and latent heat 
fluxes, which have been made in 32 separate studies up to 1978. Additional 
observations from satellites are presented and planetary calculations are 
divided into separate contributions from the northern and southern 
hemispheres. 

C HAPTER 3. NET RADIATION ON THE EARTH 'S SURFACE 

This forms the longest and strongest section of the book consisting of 72 pages 
and including 25 figures and 24 tables. The organization developed in this 
chapter is more or less followed in subsequent chapters and consists of the 
following divisions: 

Diurnal variation 
Annual variation 
Annual mean values 
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Relationship between global and net radiation 
Net radiation of various surfaces and within plant stands 
Net radiation at the surface related to altitude 
This chapter is very comprehensive and only some of the highlights 

are discussed here. The radiation balance is divided into its component parts 
and discussed in terms of periods of large, small and no solar Tadiation, in 
terms of the long-wave balance, and in terms of the influence of both the 
earth's surface (land and water) and the earth's atmosphere on it. As in other 
chapters in this book, the author has compiled some wonderful tables and 
diagrams. For example, Figure 15 consists of a large fold-out set of diagrams, 
which show the diurnal and annual variations in surface net radiation for 
stations in both hemispheres ranging from Vostok (Iat. 78°S) through 
Yangambi (lat. 0°) to Resolute (Iat. 74°N) and including Ocean Weather 
Station P. Equally useful for comparative purposes is Table 17 which presents 
the average daily net radiation for each month for III locations divided into 
10° zones of latitude. Toward the end of the chapter there is a section 
discussing radiation efficiency (net radiation/global solar radiation) in terms of 
variability over different surfaces and variability in time. Comparisons are 
made between a middle latitude and tropical site and for three distinctly 
different tropical crops. These comparisons illustrate nicely, the importance of 
season and of surface type to radiation efficiency. 

CHAPTER 4. LATENT HEAT FLUX 

As well as following the same general format as Chapter 3, this section 
differentiates between the latent heat flux over the oceans and over land 
surfaces. This reader found the former particularly interesting. Kessler 
emphasizes the considerable variability in the evaporation from large bodies of 
water (10 to 30% yearly) and notes, that because of its large magnitude, such 
variation is important to global climatic variation. Shorter term variation in 
the latent heat flux accompanies large scale atmospheric advectional 
influences. Thus in the trade wind belt, variation in the atmospheric humidity 
changes the vertical vapour pressure gradient between the evaporating ocean 
surface and the overlying atmosphere, which in turn, increases or decreases the 
vapour flux. When cold air moves over warm water, both the temperature and 
humidity gradients are affected and the turbulent fluxes respond accordingly. 
The seasonality of the latent and sensible heat fluxes over the ocean is brought 
out in Table 42 which combines the results of two studies giving monthly fluxes 
of latent and sensible heat at Ocean Weather Station M (66°N) and Station P 
(34°N). This table shows the large magnitude of the latent and sensible heat 
fluxes in winter and the greater relative and absolute magnitude of the sensible 
heat flux in higher latitudes. 
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CHAPTER 5. SENSIBLE HEAT FLUX 

This is a shorter chapter than its predecessor and could have easily been 
combined with the latent heat section. That, however, is an editorial decision. 
There arc a number of very useful sections in this chapter. Fig. 55 presents 
Terjung's world map of Bowen ratios which illustrates clearly the sharp 
division between oceans and continents, the strong influence of ocean currents 
and the very steep gradients between the wet tropics and the subtropical 
deserts in Africa. Table 55 is a very useful compilation, which compares the 
complete surface energy balance for water bodies and land surface for various 
latitudes and periods of the year. In addition, the table compares two studies, 
at 18°N and 54°N, giving maximum and minimum monthly values of the 
energy balance over a year long period. 

C HAPTER 6. HEAT FLUX INTO THE GROUND 

This chapter is most valuable for its discussion of the subsurface heat exchange 
in oceanic waters which, in terms of magnitude, usually greatly exceeds the 
subsurface flux in the terrestrial environment. As well as the global 
comparisons which, for example, compare subsurface heat flux calculations by 
Budyko and Albrecht for oceanic areas and the meridional transport by ocean 
currents as derived by a number of investigators, the results of intensive site 
specific field research are also given. Thus, Table 67 presents Robinson's work 
from Ocean Weather Ship A (62°N, 33°W), which calculates the heat exchange 
for 5 layers of the ocean to a 500 m depth, for a period of 12 months and 
Table 68 presents Hastenrath's monthly calculations of heat content change 
and heat flux divergence in the Caribbean Sea and Gulf of Mexico. This 
combination of the general and the more specific brings to the reader a deep 
appreciation for the complexities of the subsurface oceanic heat flux. 

My criticisms of this book are largely a result of its history. Being 
commissioned for the early 70's and not appearing until the mid 80's has left it 
out of date in a number of respects. Of some 485 references, only 39 postdate 
1975 and of these only 6 were published in the 1980's. Thus the book is a 
strong statement of research in the global heat budget up to 1976. The weakest 
sections of the book relate to discussion of the heat budget over different 
surfaces and in plant canopies and its variability with altitude. For example, 
there is no mention of permafrost with its large and interesting ground heat 
flux regime in this text and Maxwell's excellent presentation of the large-scale 
energy budget of the Canadian Arctic is not referenced. 

Although the foreword states that heat flux units of cal cm·' were 
used to maintain uniformity in the World Climate Series, this reviewer finds it 
unfortunate that a publication in the mid 1980's does not use SI units. 
However, it can be appreciated, that much of the material had already been 
prepared in the former system. 
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Criticisms aside, one must feel very positive about this volume. The 
author has shown a deep appreciation of the physical processes involved in the 
heat budget as they relate to the variable ocean and terrestrial environments. 
The tables and illustrations are excellent, many of them are unique and they 
must have involved multiple hours of work in their compilation. They alone 
are worth many times the price of the book. 1 fear though, that Figure 15, the 
magnificent fold out diagram, will not last long in any university library. This 
volume also does a good job in introducing a variety of the earlier Soviet 
work, in addition to Budyko, to the English scientific literature. 

In conclusion, this book is a worthy member of the World Climate 
Series, a must for all science libraries and a most useful acquisition for serious 
climatologists. 

Wayne R. Rouse 
McMaster University 
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