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Foreword / Avant-Propos 

In Volume 17(2), 1 used Ih isspacc to talk alxlut d imalicchullgc,a topic of con sid­
erableimportance toclimatologislsand olher researchers wIth an interest In cl i­
mate. The usc of traditional and newer forms of proxy data W'L'I highlighted. 
Th is is an area where great enor t ~ have been cxpel1ded in recent years, with 
remarkable creativity exhibited in the use of both " natural" a nd " historical" 
types of proxy data. Many exa mples can be found in the National Museums of 
Canada series on cli matic change (Sy llogcus 26, 33, 49, 51. 55). 

Studies of sho rt-term (decades-centuries) changes in Canada have 
been accomplished with the aid of instrumental records and both Iypes of 
proxy data. These studi l!S have_ become extremely important in light of current 
concerns about the possible impacts of fut ure cli mat ic changes, especially on 
Prairie agriculture, coast lines, ArCl ic t:nvironrncnts, and the G reat Lakes. No 
one guaranlet!S thaI the past is an analogue of the future, but il docs hclp to 
define the possibilities, given thc uncertaint ies which prevail in general circula­
lion modelling. 

Volume [9(2) includes articles by Leduc and Lamotheon recent visi­
bility lrt:nds, and Guiot on temperature and pressure trcnds si nce 1700. These 
studies present results that arc influenced by both natural a nd societal fo rccs. 
Is it possible to determ ine the relative contributions of these forces to climatic 
change? 111 our analyses, can we separate the nalurallluclualiOIlS in our cl i-
mate from Ihe c.rrects of incrca.<;cd industrialization, urbanization, and 
deforestat ion? Is Ihere a "COl signal" in these trends? 

Our ubilily 10 advise po licy makers aboul future cl imate and its possi­
ble impacts on society depends 011 how well we meet the challenges of climat ic 
change re.~earch. 

S!cwart 1. Cohen 
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Tendances a long terme de la visibilite 
dans l'axe Windsor / Sept-iles 

par: Hie-hanl Leduc 0:1 Anne-M urie I.omolhf! 

Diu~lion dl' I'A !iSai nisscrn~m de I'air 
t.linislere de l'E:mllro nnemc,n 
2360. chem,n S3,.,le- Foy 
Saim",Foy (Q~i 01 V 4HZ 
[Manu!tCrit f t;;ll Ie 26 no~embre 1984: reVIse Ie 14 ma rs 1985) 

nt,SUM"-

O n:l examine la tcndance a tong terme de 13 visibilile dumnl la period~ 1953-1981 a 8 Sla­

lions du sud du Quibee et de 1'0nlar io ft l'aMo: d'une partie des observa tions diurnes 

pour lesquclles on ne rapponai' oi precipitation ni humidi!c relative supcrieu re:\ 90%. 
L'anlilysc II etc fa ite e n considcrant les moyennes mobiles tricnnales de la vis ibHile 

cQrrcsplmd:lflle :IU 60icme ccoille de til distribution ~aisonniCrc o u a nnuelle. CcJJe-ci mon­

Ire la prhence d'un creux en 1968-J970,lcquel ($\ bien marque dnns Ie centre CIl'est 

de la r~gion ctud iee. L ' analyscsaisormiCrc revele que-Its fluctuat io ns sonl plus mar-

quees en ele et q ue depuis Ie eretl l( de 1968-1970.1<1 visibilitc es t meillcurc en hiver eon­

trairement A la periode anterieurc. 

"1l~rRAcr 

Long term visibility nuctunlions were e~a mined during I he period 1953- 1981 at t'ight sta­

tions in southern Quebec s nd southern Ontario with diurnal observations fr om which 

werecxcludcd hours wit h pn:i:ipiIHtion o r relative humidity greater than 90%. The analy­
sis was done by considering thrc!)-year moving averages Or60lh percent ile visibilities 

nbtained nn seasonal (winter, summer) and annual distributions. It shows a minimu m 

in the years 1968- 1970 which is well identified in the center and t he east o f the region 

studied. Sea.~nnal ana ly~is reveals thatlhe fluctuations ar~ mo re pronounced in SU Ili-

mer and Ihat since 1968-1970, visibil it ies ure bener in winter than in summer. 

I. INTROD UCTI ON 

La visibilit6 est une m esurl!. dela transparence de I'air Sllr uoe echel le horizon-
ta lc el correspond a la distance it laq uelJe un o bjct d e dimensio ns convenable.~ 

peut eIre vu et identific. La visibilitc est evalueee a I'aide de reperes, spcdfiqucs 

it c haque s ta t ion (montagnes, ed ifices, et c.) el cUe est mCSlIrec e n nliUes. Lcs visibi­

liles supcriellfcs it plus de 15 millcs ne pcuvenl Ctrl' rapportees que 5i des 
rcpert:S appropries existent (Environncmem Canada, 1977); s' ils n'existent pas , 
o n rapporle " 15+". Notons ecpendant que de 1957 3 1961 les visjbilitc.~ de 15+ 
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n'etaient pas utilisees; durant celte periode on estimait plutet Ics visibilites 
superieurcs a 15 milles en I'absence de rcpercs au-dcla de celte distance. 

La visibilite est sou vent considcree comme un indice de la qualite 
de I'air puisque, horntis la reduction a ttribuableaux phenomenes meleorologi­
ques, d ie csl fu nction de la quantile d'aerosols presents dans I'air. Les 
obstacles lila visibilile gcneres par lcs aClivilCS iodustrielles residemielles, 
minieres, etc. sont les fumees, les poussieres el la brumeseehe. Lcs regions forte­
ment urban iscltS a u industrialisees souffriront done d 'une reduction marquee 
de la visibilite. Par exemple, pour 1a region de I'est des Elals-Unis on nOle lill e 

delerioration de la visibili te au cours des annecs '60 (S loane, 1982b), su ivie 
d'une amelioration aprcs 1970 que I'on anribue au programme 
d'assainissement de I'air instilue par Ie gouvcrnemcnl americain. 

0 0 montre iei les tcndances it long terme de la visibilile dans I'axe 
Windsor-Sept-i les, couloir souw nt eonsidere comme reeepteur de la pollution 
gcnerec plus au Slid. La reduction de 13 visibilile comme on I'examine iei peut 
etre assoeiee au transport a longue distance des polluants almospheriqucs et 
ainsi elle est et roitement liee :lU pllt!nomene des precipitations acides. 

2. Mf.-rHODIl ET RESEAU 

La methode gcncralcmcnt appliquee pour ana lyser la lendance de la visibilite 
est Ie cenlile cumule. Le nieme cenlile cumul I!: correspond au pourcentage du 
temps qU'un scuil de visibilile cst alkinl ou depasse; Sloane (1982a) suggere 
rutilisation du 60ieme centilc pour delecter les variations a long tcrme de la visibi­
lite. Pour chaque an nee (all saison) on a obtenu la visibilitc correspondant au 
60icmc ccntile cn cumulant Ics frequences pour chacunc des 16 classes definics 

TAUI .r: AU I: D~l j nl;t3t io n des ctasst'!; de v,sibi litf (en mitles). 

(mittes) CtilSS~ 

40+ 
15-39 2 
)0-)4 l 
25 4 
10-24 , 
15-19 6 
12-14 7 
IQ-ll , 
8-' , , to 
6 " , 12 
4 13 
) 14 
1.5-1.5 " O-I.2~ " 
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au tableau I puis en interpolant entre deux classes succcssivcs. Toutcfois, 
lorsq uc la frequent;e dedistributiOI1 n'a pas 6te extrapolce (vcrs les hautes visibili­
t6s) au contra ire de Sloal1c(198211). Dans ccs cas, les nuctuations de In visibilltc 
pouva icn[ ~c produirc it des va1curs superieures a celJes du rcperc Ie plus 
cloignc. Pourcette raison, Icsseries des valeurs de visibilitc nc sonl donc pas m:ccs­
sairement completes a loules les stations (voir figure 2 et 3 pour Ottawa, Lon-
don el Sept-l Ies). 

, , , , 
I 

ONTARIO 

FtGURE [ Rescalj des S1!ll ions 

QU EBE C 

, 
/ , , , 

('" 
I,,~ ... J 

Les analyses ant etc effectuees pour huit stations repanies dans Ie 
sud du Quern:c CI de l'Ontario (figure I), et pour 29 annees de mesurcs ( J953-
198 1) (tableau 2). Dans Ie but d 'clillliner les influences meleorologiques sur la visi­
"jlite, on a excJu les observations avec precipitation au avec humidite relative 
superieu rc a 90% (Sloane. [982a). De plus, scules les observations de jour (9:00 
a 14:00 HN E) onl etc considerees alors que Sioane( 1982a) ut il ise les obsC' rva~ 

tions de [Oh, 13h et 1611. Le tableau 2 donne Ie nombre d'obscrvations [Olales 
disponi bles pour cbaquc station. Pour i"analyse saisonnicre, les mois de 
decembre, janvier et fev rier ont ete retenus pour la sa ison d'hivcr, et ceux de 
juin, juillet el aoul pour la saison d'ete. McntionnolJS qu'ull changcmem dans 
la procedure d'observalion Ii St-Hu berl (25k m a !'est de Dorval) nOlls a force 11 
exdurc cclle station de notre analyse. 

R. LN/Ut: l!1 A.-M. LlmlOthe / 7'ent/onN!J ti IQI/g lerm l! til! la lIi,'ibilite 



rA~ I...I:AU 2: Namb.!! d'obscrvation5 (aprcs restrictions), visibilitc maximale et ~riodes 
d'obscr~ations des statian~ _ 

Stat ions 

Winds<). 
London 
Toronto 

OWIWiI 

Dorv111 
Quebee 
Mont-J oli 
Stpt.i11$ 

Nombrc. Visibihte 
d'o~rvation5 ma~im lile 

(aprfs restrictions) (milles) 

5J608 IS' 
47298 15+ 
.H4JO 1953-63 15+ 

1%4-81 25'+ 
SI026 195J.til 15+ 

1%2-8125+ 
50894 50t 
48540 55+ 
4728) 45+ 
4652~ 35+ 

J . TEN DAN CES DE LA VIS I RIUTE 

3. 1 Tendances annuellex 

Pcriodc 
d'obl;c. vations 

19':1-81 
1933-81 
1953-81 

1 95) -~1 

1953-81 
1953-81 
1953-81 
IOJ5)-8( 

La figure 2 donne lcs moyennes mobiles lriennaJcs du 60ieme cenlile des dislribu~ 
lions annuclk.<;; celle-ci dernonire clairement un gradient de visibilite du SUD ­

QUEST vers Ie NO RD-EST. Aloes qu'it Windsor el London In visibilitc se situe 
autourde 10 milles, eJlevariedc 151120 milles a Torontoet Ottawa. A Que-
bec, cJle cst pre.'ique loujours superieure it 20 milles. 

Le profil des varialions intcr-annuelles du 60icme centile permet de 
rassembler les stations en quatre groupes: I-Windsor, London; 2-Toronto, 
Ollawa, Quebec; J-DOI"Val; 4-Mont-Joli. Sept-li es. 

Dans Ie sud de l'Ontario (groupe I), on remaniue une conslante ame­
lioration de la visibilite de 1953 a J981, graduelledans Ie cas de Windsoret legere­
ment nuct uante a London. 

Dans la region centra le du territoire ttudie{groupes 2 et J), la visibi­
lite :I i>ubi de fo rtes variations. Ainsi Toronto el Quebec (groupe 2) montrcnt 
une baisse de leur visibilite au debut des annees '60. Dc plus, les lrais stations 
du groupe 2 indiquent un maximum secondaire en 1964-66, suivi d'un crcux en 
1968-71, ce demicr !Stant aecentue a Ot lawa et Quebec. La periode 1975-77 
marque la mcilleure visibilile puisque loutes Ics stations du groupe 2 parvicn­
nent" leur maximum, Ce groupe montre une augmentation generale, quoique fai­
ble, de la visibilile malgre ees variations. 

Dorval (groupe 3) est la scule station qui ne montre pas de tendan­
ccs etablies pendant ees 29 annees. Elle indiquesensiblement Jes memes tendan­
ces que Je groupe 2 (nOiammenl Ie crcux de 1970), mais la visibilite y decroit 
fo rlemenl it partir de 1975, altcignant en 1980 une valeu r egale:l1954, A Dor­
val, ]a visibilile ne s'est done pas ametiorec pendant 1a periode considcree. 

6 Climatological Bulletin I Bullet in climalologiquc 19(2) 1985 
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FIGURE 2 Mo)'~nnl'S mobiles lrienll:.h:s du 60"'"" ccntilc :.nnucl 
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Lcs stations dans rEst du Quebec (groupe 4) se caraclcrisent par 
une fortc dccroissancc autour des annees '60 pour attcindrc un creux en 1967-
69. Par la suite, 13 visibilite aura;1 augmcntc(surtout a Sept-I lcs). A ccs deux sta­
lions, In visibililc Sf: si lue a environ 30 mines au debut ct iI. 13 fin dc Ja periodc 
d'anaiysc. 

En fait, lcs stations du sud-ouL'S! (Wi ndsor, London , Toronto, 
Ottawa, Quebec) marqucnt une hausse de 13 visibilite CDm mc Sloane ( J982b) Ie 
nvlai! pour 13 region do nord-eM americain. DOfval const;luc line exception, la 
visibilite nUCluanl beaucoup mals nc s'amelioranl pas ii long term!!.. 

Ces resultals s'accordent en general avcc ks conclusions des eludes 
effcct uees po ur I'cst des Etals-U nis (Sloane, 1982b) pour Ie creux de 1970 Ci Ic 
maKimum de 197>-77: Ie maximum des annccs '55 (tcndancc majeure dans 
I'analyse de Sloane) est ccpendani pcu marque dans cen e analyse. c\ il ressorl 
que les annees '60 ont connu des variations plus imponantes. 

3.2 Tel/dances sa/solltl/ern 

Lcs figures 3<1 ct 3b mctlcnl en evidence In variation de In visibilite en tre les sta­
tiolls selon Ie..'i saisons. En saisan hivcroak (figu re 3a), on observe it nouveau 

R. I.elwe ct A,-M, Lamothe I Tefldfmces a /Ollg lerme de 10 visihilite 7 
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FIGUk" 3 Muyelln~5 mubiles trienrJ;lles do (,(lit,,", cemile s~iso"nie, 

un gmdicmde visi bi lltc dc Windso r vcrs Quebec. Les slat ions dc~ trois pre-
miers grollpcs sonl p rineipalement caracterisl!es par une amCiioration de leur visi­
bilile entre Ie debut ct la lin de la periodc; aux stat io ns des grmlpes 2 ct 3, on 
nOle une augmentat ion particulicrernent irnportantc it partir du debut des 
annces '70. AUK stations du groupe 4, la variation hjvernak e_~t un renet assez 
lidelcde la variat ion annuclle ma iSeOlltriliremcnl aux aulrcs groupes, la visibi­
lile a connu une baisse enlre Ie debul et la lin de la periodc analysec, 

En ete(fi gurc 3b), Its variations du ri)ieme centi le sont Ires 
accenluccs mais aucun cha ngemenl ne semble se d e<;s iner entre Ie debul cl la 
fin de la periodc. Aux stat ions du groupe 1, on notc une slabilite de la visibilite 
ma is celles des grOllPe.." 2 ct 3 amplificill les crcux CI les crclcs de III eourbc 
annuelle. Les ::>llItions du groupe 4 se component de la mcme racon qu'en 
hive!'. Aux stat ions du groupe 2, il semble do ne que Ie maximum de 1965 el Ie 
c r CHX de 1970 soient speeifiqucs it la saison eslivalc. 

Les tendanccs saisonnicrcs indiquenl cgalemcnl un fnit partieu licn..-­
menl inleress:ull: avant Ie ereux de 1970.la visibi lileetait meillcurecn cte. com­
parativemenl a ul' annecs '70 ou la visibilile cst meilleurc en hi ver. Lcs figures 
deS loane( 19R2 b) indiq uent un phenomene analogue pOlirChicago, Cleve-
land, Columbus cl DaylOn. Ainsi. Ie debut des annecs '70 marque un point a u 
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les tendances saisonnicres de visibi lile sont inversecs. La bonne visibilite hiver­
nale est done un fai t rclativemcnt recent. 

4. CONC t. US10N 

Cette analyse a perm is de montrer I'existence des fluctuations de la visibilile en 
Ontario et au Quebec, d Oni certaines avaienl deja eli: ident ificcs ailleurs(princi­
pa iement leereux des annees '70 et I'augmentation subscqu~nte). Ccs Ouctua­
lions sont rclativemcnt unifo rmes de Windsor a Quebec; plus it J'est, Sept-ill'S 
et Mont-J o li montront une variation importantc nmrquce par une dccroissance 
rap id~ de 1960 a 1970. 

D'apres Bridge et Fairchi ld ( 198 1), Its fa ibJcs visibiJites sont rclices 
:lUX cpisodL'S de brume seche caracterises par de fortes concentrations de sUl-
fates dont on atl ri bue I'originc a la combuMion du charbon. La consommation 
americaine des combustibles fossiles au rai t conTl UC des variations: une b .. isse 
ent re 1950 et 1960, puis une haussejusqu'en 1978. Fort curieuscmerll , Ie creux 
de conso mmation en 1960 correspond a une baisse dc visibilitc, et 
I'augment:;ltion de la consom malion a une hausse de visibilittt. S loa ne (l982b) 
concilLait que Ie.<; concentrations de sulfates n'cwient pas Ie scul factClir 
innuen~llnt la visibilitt!. 

Etant donne I'ctendue de la region couvcrte par celte elUde il y a 
lieu de croi re que les facteurs regissant leg fluctuations observecs agissent sur 
une grande echelle. Les vllfiations dans les emissions des polluants sont primordi­
alcs, mais lcs fluctuations de 13 circulation atmos-piterique peuvenl eire tout 
autant significatives. D'ailleurs, Sloane (1983) concluait que les masse.., d'air 
eslivales en J971-75 eta!en! plus stagnantes et p lus humides que celles de 1952-
56.ccqui aurail eu pourelTcl de favoriser la Iransformation desulfu res en sul­
fates. 

Les avenu~ de recherche visan( ~ expliquer Ics tendances de la visibi­
lileSan! nombreuses. En premier lieu, une analyse des composanlS almo­
sphcriques et de qu:il ite de I'air a chaque station s'impose en vue de corn~ler 

ces donneesaux variat ions de la visibili tc, cequ! permcttrait dcstatuersurla qual­
ite de rair en fone tion du mi lieu local. Deuxicmement, une analyse 
approlondie de la circulation 31 mospMriquc apporterait une meilJeu re compre­
hension des processus agissant sur la transformat ion et le transport it longue d is· 
tance des polluants. 
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Corrigendum 

In the article by J . GUiOI, Vol. 19(2). there is an error in the figure captions on 
pages 26-29. The captions at the lop of each page should read "a)". "br, "c)". 
and "d)" re.~pccti\lcly. not "Figure 2a", "Figure: 2b", etc. The caption 31 the 
bottom o f page 26, referring to Figure 3, is correct. The four pages thus show 
Figures 311, 3b, 3c, and 3d respectively. 
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AIISTRACT 

The H udson Bay region LS ri ch in data useful to palaeoclimatology. Frcczc.-up and 

break-up series in the western Hudson Bay area. early meteorological mo!:lsurcmenls 

and tree ring series have been selected. The missingdalll are estimated, using lhe besl oom:­
laled Series. and from IhC'it, 23 (;ominuous proxy series arc deduced from 1700 10 1979. 

Sixty-seven series ofseasonallcmpemlure for Ihe years 1925 to 1983 and 27 sea-level pres.­

sure series for the period 1953 to 1983 arc produced. TellljX'ralure and prcsure fields arc 

reconstructed on a seasonal basis from Ihese proxy series using Iheslandard transfer func­

tifm. A relat ionship between principal components of the IcmpcralUre network and the 
proxy serics is developed for the 1925- 1979 interval and eXlnlpolaleJ back 10 1700. 

Ttmpcrature is deduced for six s tatjon~ representa tive of the metoorological network, 

Verification tests are significant main ly for high frequcncies. The trends are beller 

estimated by an anaJogue mel hod . Both kinds of reconstrnction are combined and yield 
an improvement in results . The rela tionship between temperatures and pressnres is used 

to reconstruct earlier prCS$ure licld~ by the analogue method, The trend-analysis reveals 

thaI a warming occurrcd Ht the end of the 19th cenlury. Eight classcs arc defined 10 

show Ihe main ~lruCture of thespaeeund timevarillt ions of thc\emperatUfc and pres-

sure fic!ds. 

kf..SlJM£ 

La region de la BlIie d'Hudson CSt Tiche en donotes sllscepliblcs de fourn ir des 

informat ions paleoclimatiques interessantl$, Des serics de dcbilcle e\ d'embUcJe de rivi­

erc.~ de 1'01lest de la Raie d'Hudson, des serics instru mcntales reconstitutes et sept sc ri~ 

dendrochroooiogiques ont ~te s': leetionnees. L~urs lacu nes sont comblees A I'aide d~ 
serie-; Ics mleux correlees cl finalemcnl lIingt-trois series indirc'-1es ("proxy data") com­

pll:tesentre 1700et 1979 en soot dcduites. Soill3ote-sept st ries de tempCralUrcsaison~ 

nieres sont COmplCices enlre 1925 et 1983 ct viogl-Sept serj~ de pressions entre 1953 ct 

• present afliliNtion: Labofloloir~ de Bot3niquc Historiqu~ et Palyn,)logie, FNeulie d~ St Jcwmc, 
me l'oinc31l', 13397 Marscillt ccde~ 13. Frnnee. 
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]983. Lcs champs thcfmi<]ucs et barometriques.';onl rttonstruits sur une bascsaLson· 
niere ~ partir de ccs s~ ri t$ indireetes. Unc premiere mi!thode est utilisee: la fonction de 
transfer! classique. Elle eonsiste en Ie caleul d'une relation entre les eomposantcs princi~ 
pales du reseau Ihermiquc et les series indifecte.~ sur lu periode 1925· 1979. Celk~ci pef· 
met une extrapolat ion jusqu'cn 1700 et un retour au)! temperatures clles-memes via six 
stations representatives du fescau. Des lesls de verilication monlrcntle bon comporte­
ment d~'S hiutcs fri!qucnees recolislTuite.'l. Une methode de reconst ruction par les plus 
proches analogues eM alors utili~te avec un accent pllrticulier 1iur les basses frequenc~'S. 
Les deux types de reconstructions son! fondues, cc qui i1mi!liore nct\cmenllcs resultats. 
Un lien cst !rouve cnt rc champ Ihcrmil1uc ct champ baromctrique. Cclui·ci es t utilise 
pour rec()nst ruire les pressions en six stat ions cgalt ment p;Jr la methode des ana logue~ . 

Les leodllnccs des rccon~1fu(.1ions sont fina lcmenl analysees, ce qui met en evidence un 
rtchauffenJtnt a parti r de la fin du 19ieme sieclc. Huil classC!; de temptratuft: sont 
uefini a nJontranl les prineipale.~ structures des variations spatiaJes ct tenJporcllt!S des 
champs thcrmique tt barometri<lue, 

L I NT RODUCTION 

Th ere arc many arcas of the world and many periods of his lory fo r which nocli~ 
malic dala exist. It is common now to use proxy data to subs1itute for thetic 
gaps. Dendroclimatology provides proxy records which are colltinuous and 
reliable. These arc based on ring widths and wood densities fo r typical treeslX-'­
des. Dense netwOrks orsuch data are now becoming avaHable. As well, histori­
cal archives provide much intcTt'Sling information induding early instrumental 
observat ions, weather diaries and dC$criptive chronicles of regional human 
activities (Catchpole, 1980). While many of these hiSlorical data have gaps and 
other irregularities, they can be easily identified with specific climatic 
parameters. Fritts, Le Roy Ladurie and Lamb (see reviews in FriUs (1976), Lc 
Roy Ladurie ( 1967) and Lamb (1977» have performed a pioneer work in Ihis 
ficld. 

Thevariety of historicaJ archives orthe f-Iudson's Bay Company pcr­
taining lu lhe Hudson Bay area of Canada has given 10 the science a source of 
information unique in North America. Arter the important study of freeze-up 
and break-up of MacKay and Mackay (1965), a method called "Contenl 
Analysis", enabling the quantilicatiol1 of these descript ive accounts was 
developed. Several rcceot papers concerning this rich collection of data have 
been published: Moodie and Catchpole, 1976, Moodie, 1977, Moodicand Catch­
pole, 1975, Catchpole and Ball, 1981, Rannie, 1983. Tht-se apply particu larly to 
freeze-up and break-up events of dirferent rivers emptyi ng int o Hudson Bay. 
These 181h and 19th ccntury instrumental data have been checked and quality­
controlled by Ball and Kingsley (\984) and Wilsoll (19g2, 1983) for, 
respectively, the southwest side and the t:ast side or Hudson Bay. Using other 
SOurces, Hillairc-Marcel cl al. (198 1) have n:construcled climatological series 
back 10 1840 for ~cveraJ cit ies in southern Canada. 
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Snow geese migrations were proposed by Ball (1983) as a means of 
reconstructing sout herly winds for northern Manitoba. Some correlations are 
clear but problems arise because of possible mistaken identity oramalgama-
lion of species by t he Hudson's Bay Company observers (Davies. personal com­
municat ion). and also because of the higher influence of weather conditions in 
southern Manitoba rather than in northern Manitoba. 

Tree-ring indices urc presented in Cropper and Fritts (1981) fo[ 
Nouveau Quebec and Labrador, by Parker e/ 01 (1981) and Payette el 01 ( 1984) 
for the eastern coast ofHucison Bay. and by Hansell el 0/( 1984) for the west-
ern coast of Hudson Bay. 

A first linkage between the biophysical and historical kinds of 
proxy data was attempted by Jacoby and Ulan (1982) who found a 
relationship between freeze-up dates of the C hurchill River and tree-ring series. 
The reconstruction of these dates docs not show any trend. which is contrary 
to our own reconstructions as will be demonstrated later. 

The aim of this paper is to usc systematically both kinds of proxy 
data for producing reliable climatic series. The amalgamation of the reliable 
but discontinuous historical series with the continuous, widespread. but noi 
always perfel.1.ly understood tree-ring series, is conceptually a synergistic tOol 
fo r paleOcl imatological research. 

First. a statistical mcthod, the transfer function, is employed. 
Introduced by Imbrie and Kipp (1971) for planktonic roraminifera. and 
improved by Fritls el 01 (1971) and Blasing (1978) for tree-rings, this method is 
based on a calibration of a regression between recent climatic series and tree­
ring series ami the cxtrapolat ion or the climat ic series using the corresponding 
tree-ring data. The reconstructions will be improved here by the analogue 
method suggested by Alt ( 1983). 

2. PROXY DATA 

The first group or data which is taken from M Dodie and Catchpole( 1975) con­
sists offreczc-up and break-up dates of rivers entering the we. .. tern shoreor Hud­
son and James Bays. Several categories have been defined by the alLthors fo r 
coding and three arc used here: first freeze-up (cat. I), complete freeze-up (cat. 
3), tirst break-up (cat. 5). Six locat ions are lLsed: (i) Churchill Factory I (17 18-
1739 aud 1783-1866); (ii) Chu rchill Factory 2 (1740-I782); (iii) York Factory J 

( 1714- 179 1); (Iv) York Factory 2 ( 1791-1851); (v) Fort Albany (1721-1 867); (vi) 
Moose Factory ( 1736-1871). The Churchill and Moosonee series have been 
extended to the modern period using recen t data (Allen. 1977). Locations are 
given in Figure 1. 

A second group of data is provided by Rannie (1983) for the Red 
River at Winnipeg (1 798- 1981): (i) freeze-up dates from October I; (ii) break­
up datcs from March 1. 

Ball and Kingsley (1984) provide monthly temperature data fo r 
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York Factory ( 1774- 1910) and C hu rchill Factory (1768-1769 I jlSll -1858). The 
York Factory series arc the most numc:rous, but the Churchill data can be con­
nected to recent observations (1932-1 9ID), These two monthly series have been 
transformed into eighlseasonal series: winter (DJF), spring (MAM), summer 
(JJA) and autumn (SON). 

Seven trce-ring series are added (Figure I). Three arc taken from 
Cropper and Fritts ( 1981): (i) white spruce ring widt h indices rrom Nai n, 
Labrador. 1769·1973; (ii) white spruce ring width indices from Border Beacon. 
Labrador, 1660-1976; (ii i) larch ring width indices from Fort Chimo (now 
Kuujjuaq), Quebec, 1650-1974. Also, two arc taken from Parker et al (1981): 
Cri Lake, Quebec (ncar Postt.."-de-la-Balcinc, now Kuujjuarapik) -ring width 
and maximum densit y indices. Fina lly, chronologies developed by P. Scott and 
collaborators (Hansell, 1984) in the Churchill region (ManitOba) arc used: (i) 
open fore.~t ring width indices for trees older than 160 years, 169 1- 1982; (ii) 
forest-tundra rillg width indices. 1663-1982. 

Figure I presents the location of the di fferent series and. in Table I. 
Ihe identifying information for tht:Se 35 series and the most significant elcments 
of their correlation malTI" arc shown. 

All of these series are aO"cctcd by considerable missing data, bu t 
Table I shows that some arc satisfaclorally correlated anyway. It is thus pos,o;i­
bleto estimate much ofthcsc missing data in the following way. Thewrrein-
tion matrix o f the 35 series is computed element by element on the maximum 
numbc.rofobscrvations available for each pair. Theeigenvcctors and eigcn­
values are then computed. The missing data arc replaced, after scaling, by the 
corresponding observation of Ihe most correlated series. if it exists. If it docs 
not, the next most highly correlated variable is used. This a llows for deduction 
of the ampli tudes or time variations of the principal components. Only the first 
14 principal components seem to be useful to reproduce. with a small account 
of noise. the raw data by inverse lransformation; more details are given in 
Guiot (1985b - in press). Thus, 35 series. complete for the period 17()()'1979, 
are constructed. The qual ity of the eSlimation of missing data is verified by the 
comparison ofestimatcdand actual values whcn they are available. Thecorrcla­
tions calculated in this way range between 0.70 and 0.92. except one (for CHSP: 
0.40), which arc highly significant. 

rurther verification of the quality of the estimated data is given by 
computing correlat ions between ser;!.'!! representing similar climatic factors 
(Table 2). These indicate very good resu lts. In ordcr to minimize local factors, 
th e 28 historical series are merged into these 15: Tht: three categories for Chur­
chill I and 2 afe n .. 'duced 10 3 series (CtlUJ. CltU3,CII US); same for York (Yot(t. 
YO lO. YORS); Albany and Moosonee arc condensed into onc station (MOOL 
MOO). MOm); the two river icc series in Win nipeg, WtNR and WINF are kept 
integrally; ilnd the temperatures fo r Churchill and York are averaged (CYW1. 
CYSP. CYSU. CYA U). Thc annual mean is denoted by CYAN. These 16 series and 
the 7 series of tree-ri ng ones afe shown as Pigure 2a to 2d. Figure 2a also 
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T",nLr,1 The prO)lY series and the most significant cor rcialions (number of dcgrees or freedom). 

millie Inbel cllrrelntion I corr~blion 2 

Chllrchllt I ca l I CHII ell21 0.94 (5) CH AU 0.67 (24) 

~" CH I) CH2) 0,84 (54) YOJ3 0.45 (54) 
Cill 5 CII1 5 CH25 0,88 (85) YTSP -0.47(19) 

Chllrchilt 2 "11 I CH21 CH II 0.94(5) YTAU 0.85(5) 
cat 3 CH2J CHJ3 0.84(54) YTAU 0.66 (8) 
ca t 5 cms CHIS 0.88 (85) YTSr -0.5] (27) 

York I ~a l 1 YOII MOO. O.J! (51) CH21 0.J8 (Jij) 
cat 3 YOD ALB] 0.56(7 1) Yl"AU 0.94 (6) 
CIII S YO l5 Y025 0.94(7) YTSr -0.58 (10) 

York 2 cat I Y02 1 CIIWI 0.68 (10) C H23 0.64(8) 
call YOD MOO) 0.70 (36) YTAU 0.68 ( I) 

~" Y025 YOIS 0.94 (7) MOOS 0.52(45) 
Albany ,," ALB I MOO I 0.76 (IJO) ynU 0.70(23) 

cal 3 ALBJ MOm 0.65 (l IS) ALBI 0.65(141) 
ell! 5 AI-BS MOOS 0.86(130) Y02S 0.49(45) 

MOOS(Inc:e cat I MOO ' ALBI 0.76(130) YTAU 0.7 1 (23) 

'" ) MOOJ ALB) 0.65( 1 IS) Y023 0.70(36) 

,," MOOS ALB5 0.86 (IJO) Y025 0.49(45) 

Winnipeg freeze-up WINF MOO I 0.45(54) YTAU 0.50(28) 
break-up WIN S Y025 0.52(45) YTSP -0.46 (29) 

York temp. winter YTWI WIN S -O.J4 (JII) MOOS -{l.J4(J 1) 
spring YTSP WINS -0.44 (33) CI12S - 0.48 (23) 
summer Y'rSU CHSU Q,89{4j YTW. -0.34 (23) 
II l1 lumn YTAU YOl} 0.94(6) MOO ' ll.7 1 (2) 

Churchill winter C llWI V025 -0.52( 10 YTSP -0.62(6) 
spring (;HSP Y025 -0.74(9) CHSU 0.45 (57) 
sum mer C HSU Y023 0.65 (8) YTSU 0.~9 (4) 

autumn CI IAU Y021 0.86(8) CH II 0.67(24) 

"REE_RING SERIES 

Border Beacon ( l ab) ilEAl NAil 0.42 (280) elm -0.32(55) 
Fori Chomo (Quebec) C HII CRII 0,32(280) YTSU 0.37(42) 
Lac Cri (Qu~) width CRII CRID 0.30 (280) CHSP -0.28 (64) 
Lac C ri (Que) dens. CRID NAil 0."26 (280) C HSU 0.2$(60) 
Naill (Lilb) NAil BIiAI Q,42 (280) C HSP -0.]1 (64) 
Churchi ll Opell rorest C IIO F Y02S -0.50(45) CHSU 0.22(60) 
Chmchill fUf. tundra C HFT YO]) -0.)) (77) YTSU 0.40(42) 

fA ~ t.F. 2. A (~w corrdlltlons between completed ~cries. 

variables 00". variables COTT. variables corr. 

C H ll-V H21 0.86 C II13-CH23 0.78 C1I 15-CH25 0.86 
Y01 I-Y02 1 0.8 1 YOO-Y02] 0.72 VO I5-Y025 0,80 
ALB I-Mool 0.8 1 ALB3-MOO3 0.7f1 ALBS-MOOS 0,117 
YOW\-C HWI 0.6 1 YOSP·CHSP 0.68 YOSU-C IISU 0.61 
YOAU-CH AU 0.75 
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ll) Freeze-up aud break-up dales: Churchill Factory, York Factory, (Julia.n Dille) 

YOI'IK rACt(JflY - nRST £IREII!(-{Jf' IS) 

FIGURE 2, Pro~y series used for lhe climalic reconSlructions; Ihe missing dHla h~ve been 
csl;malcd and some scrie~ have been averaged (sec 101)_ 
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b):lS in 1I: For! Albany, Moose Fac!ory. (Julian Da!~) 
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c) Tcmperllturcs al Churchill /York Factory ("C). 
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d) Tree-ring indices. 
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show~ clearly that the freeze-updateS havea positive !rend from 1880, con-
trary to the reconstruction ofJucoby and Ulan (1982). If the calibration (1741-
17(4) of these aUthors is examined, it is cle.ar that lale freeze-up during Ihe 
period 1741-1750 is underestimated and early freeze-up during the period 1750-
1764 is overestimated. The break-up dates show the same trend. These arc 
related \0 an increase of spring and autumn temperatures. In Winnipeg the 
increase seems to begin 10 years earlier. The temperature series confirms the 
!.rend except for spring and summer (possibly an error in Ihe estimations). For 
the treeo-ring chronologies, different trends are identified and the maxima of the 
growth arc not in the 20th century: int ernal plant processes and poor removal 
of tile treeo-growth trend may cause this discrepancy between ice and tree-ring 
data. 

3. METEO ROLOGICAL DATA 

Between 61 cw and 105"W and between47cN and 73"N, the meteorological net­
work of the Atmospheric Environment Service (ABS ) of Canada is composed 
of67 stations with longserics of air temperatures and 27 with sea-level pres-
sure (SLP) (Table 3). Although the analysis period is restricted to 1925-1983 
for temperatures and 1953- 1983 for SLP, the many missing data (between It) 

and 50 % according 10 the station) may bias the results. The missing data are 
estimated using the corresponding data of the most correlated stillion. 

A further check on the validity of tile reconstructions is to subjec­
tively del..ide whether the time I space patterns which emerge make sense from 
a synopticc[imatology viewpoint. Recent trends of the Canadian climate are 
presented in Thomas ( 1975). A brief season,11 description of general patterns 
will help in the understanding of the final reconstructions. 

In WINTER (DJF), low pressure often occurs over the Atlantic coast 
and a high pressu re cell is located over the Yukon Territory. This induces a pre­
vailing north-westerly now. In early winter, a posit ive thermal anomaly (with 
respect to latitude) is located over the Hudson Bay eastern coast (Bryson and 
Hare, 1974) because of the delay in the freeze-up. Arcticair masses receiveconsid­
erable heat and moisture from the Bay before reaching Quebec. The 
a tmosphericeirculation is essentially meridional. In SPR ING (M AM). the main cen­
tre of the high in the west of t he Bay shift s southeast and the Atlantic low pres­
sure zone flits gradually (Hufty, 1982). The heating of the land mass in westem 
Canada induces a strong thermal gradient from the Mackenzie River to James 
Bay (Bryson and Hare, 1974). T he thermal anomaly over Quebec is now nega­
tive because of advection from Hudson Bay and the atmospheric dreulMion 
becomes more zonal. In SUMMER (JJA), the Arctic Front has a mean trajectory 
close to the tree-linc (extcnding southeast from ChurchiJt to Nouveau Quebec 
through James Bay). A negative thermal anomaly is located over Hudson Bay 
and over northern land regions having continuous permafrost. In AUTUMN 
(SON), the low pressure deepens again. Hud~on Bay is not frozen unt il year-
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T"'/lI.£ 3. Meteorological simions u§ed in the study. "p" indicates Ihe u~e ofthe pressure.dRt a and 
"0" the absence of the tempera ture data. Lat itudes and longi tudes arc given in degrees and minutes 
and elevations in meters. 

station lilt. long. elev. station lal. long. dev, 

NORTII·WEST TERRITORIES 

Baker l ake p 64.10 % .00 0 CheSlerfield p 63.20 90A3 6 
Coral Harh p 64. 12 83.22 .. Ennodai Lake p bLOB 100.55 '" Jenny Lind I. 6B.3\1 101.44 17 Pclly Boy P 68.26 8\1.46 326 
Sheppard Bay 68.49 93.26 " Arclie BIlY 13.00 85. 18 " Ii reYoor! lsi. 63.21 64.10 HI Bro ug.hton lsI. 67.33 63.47 598 
Cope. Dyer p 66.39 6 1.23 123 Cape: H()opcr 68.26 66.47 401 
Clyde p 70.27 68.33 6 Dewar lake 68.39 71. 14 '" Frobi§her B. p 63.4~ 68.33 34 GladmllnPt A 68.40 97.48 " Hall Beach A p 68.47 ~ 1.1 5 , Lake Harbour 62.50 69.55 16 

LOllgstlliT B. p 68.57 75.1 8 162 M'aeJ,;ar In let p 68.18 ~,41 '" Nottingham l. p 63 .07 77.56 16 r ond Inlet 72.41 77.59 4 
Spence Bay 69.32 93.3 1 IJ 

MM"ITOAA 

Brochct p 57.5J 101.40 349 Churchill p 58.45 94.04 " G illam 56.21 94.42 138 Norway HOUlie 53.59 97.50 119 
Wabuwdcn 54,55 98.38 2JJ Lynn Lake 56.52 101.04 J7I 
Thompson 55.48 97.52 '" 
ONTARIO 

Big Trout L. p 53.50 89.52 '219 Cent. Patr icia SUO 90.09 J1J 
Ear Falls 50.311 93.13 301 Lansdowne Hous. p 52. 14 87.53 256 
r ickle Lake 51.27 90.12 369 Red Lake A p 51.04 93.49 386 
Winisk S5. 16 85.07 12 Cochrane 49.04 81.02 m 
Earlton A 47.42 79.51 2" Pml Albany 52.\) 81.40 " HalJcy bury 47.27 79.38 '" Hea~ l i p 47.48 79.50 n2 
Iroquois Falls 411.45 SO.40 2>9 Island Falls 49,35 81.22 218 
Kapuskasillg p 49.25 82.26 'IS Kapuskasing A 49.25 82.28 226 
Kirkland L. 48.09 80.02 320 Montrial River 47.07 79.29 183 
Moosonee p SU6 SO.39 10 New Liskeard 47.30 79,40 194 
Smoky FaIJ~ 50.04 82.10 IS3 T immins p 48.30 SUO ))5 

Wawait ln 48.21 81.24 271 

QUE/lhC 

Abitibi Pos t 48.4) 79..22 '59 AmQ!; p 48.l4 71107 30' 
Chap;lis 49.47 74.52 402 Chapais 2 4').47 74.52 396 
Chibo\lgamau 49.55 74.22 JJ8 Fort G~orgc 53 .SO 79.00 7 
La rcrme MU5 71U O 320 LaSarre 48.48 79.1 2 274 
M i.~tassin i P. 50.30 73.55 J8J Nitch~quon p 53.12 70.54 '" SennCtl"frC 48.24 77.15 316 Vlltd'Or p 4l'l.04 77A7 JJ7 
Inukjuak A p 58.27 78.07 '0 Kuujjuarapik p 55.17 nAO 14 
c. Hop~s Ad~. 61.05 69.33 7J Kuujjuaq p 58.06 6~.25 J7 
SeheIT(fvilk S4,48 66.49 S22 
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end, thus a positive thermal anomaly is induced. T he Arctic Front is fo rced to 
a more sou therly position until the end of December (Bryson and Hare. 1974). 
The late season is more homogeneous, with feweJ" local anomalies. 

The 67 temperature and the 27 SLP series can be reduced to a few 
independenl variables representing the basic structure of the meteorological 
networks using principal components (PC) analysis. 

For each season, the (67x67) correlation mat rix of the temperatures 
is transformed illlO eigenvalues and eigenvectors. The eigenvectors are in fact 
the componenls and the eigenvalues, in decreasing order, are the propDrtions 
Df variance explained. The first four PC's explain approximatively 90% of the 
tDtal variance I' Dr each season, except for the summer case where this is 
reduced to 82.5% (probably due 10 a larger variance concentrated in the 
smaller scales). The structure of the PC matrix is similar for the four seasons, 
while Ihe relative importance of the components varies. 

The fi rst PC is called "facteur de taille" (Benzecri, 1973). This 
means that it represents the common variationI': of the network. when all correla­
tions are positive (inducing s.'l.me sign proje<..1ions of the stations over this fi rst 
PC). It is maximum for aUlUmn, the most thermally homogeneous season. The 
second PC has a north-south gradient, lhe third has a pole in the cast and the 
fourth in the west. The north-south contrast is maximum during Summer 
because of the Arctic Front. It is evident thai main features of the climate of 
the Hudson Bay area are shown by this preliminary analysis. 

The(27x27) correlation matrix ofthesea-Ievel pressu re is trans­
formed similarly. The fi rst four PC's together explain from 83.7 % of lhe vari­
ance (summer) to 94.5% (winter). Here winter results are different because of 
larger scales of varia lions, however the same north-south and east-west gra­
dients occur. The "facteur de taille" is weak fo r summer and absent for 
autumn. For Iheseseasons, negative correlations are present between some east­
ern and western stations. Tbis seems to be related to the position of Ihe Arctic 
Front: a rela tively small value of the sea level pressure in the north-cast is 
related to a more northern trajectory of the front and thus 10 SLP with 
relatively large values in the South. 

4. TRANSPE R FUNCTIONS 

The basis of the transfer function is a regression equation which is cal ibrated 
over a recent period where meteorological atld proxy data are avai lable. Then 
Equation 1 is applied to ancient proxy data so Ihal an estimate of past climate 
is deduced: 

m 

Y= ka,x, ( J) 
j '"'L 

where y is a climatic parameter, the Xl arc the m proxy variables, and the 8) arc 
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the corresponding regression coeffi cients. Here, the calibration pcriod is set to 
1925-1 979 and the ex trapolation is ex tended back to 1700. For each seasonal ther­
mal parameter. aset of meteorologica l variables is dcfined by the first four princi­
pa l components (see above) and the sct of proxy data is composed of 16 
historical series and 7 trcf.:-ring scries (Figure 2a to 2d). 

T hesummer temperature is used to illustrate the method . Seven-
tecn regre. .. sors arc selected: (i) the 7 trec-ring series for their evidenl relation 
with the summer climate; (i i) the same 7 one-year lagged series because of the pos­
sible persistence of the climate effect on growth; (i ii) the historica l series CYSlJ 
of summer tcmperature in the Chuchill/York region; and (iv) the Winnipeg ice 
condition series, WINU and WtNF, in order to introduce southern variables. 

The PC's of thesc 17 regressors are computed. Thirteen arc kept, 
using the rvp cri terion (ie. the PC with a cumu lative eigenvalUes product larger 
than I: Guiot. 1985a)./\ canon ical analysis betwecnthese 13 PC'sa nd the4cli-· 
matic PC's is performed and an inverse transform en<lbles one to deduce the 
regression eocllieients between the fou r PC's and the l7 regressors (Blasi ng, 
1978). T hc results (Table 4) show that the first PC has the best fit (R l""O.67), 
and as it expla ins the largest pan of the variance of the network (41.5%). it can 
be said that the main characteristic of the summer temperature is well restored. 
Table4 also shows that (he tree-- ringseriesare best related to the Summer tempera­
turc. 

T he nCKt step is the applicatiun of the regression coeffici ents to the 
whole proxy series (1700-1979). T his gives an cK trapolation of the thermal PC 
which must be retransformed to the original series. Arbitrarily, six stations a re 
selected to represent the network and (he associated proxy lieries: (i) Churchill, 
northern Manitoba; (ii) Red Lake, western Ontario; (iii) Mo()sonee, northern 
O nt ario; (iv) Kuujjuarapik , central Quebec; (v) Kuujjuaq , nurthern Quebec; 
(vi) Nottingham Island, southern NWT. Table 5 shows the loading factors of 
the six stations on the fou r PC's. These loading factors, are, in fact , the 
weighted averages (in inverse function of the distance) oft be loading factors of 
the neighbouring stations, used to improve the regional representativeness. 
They specify the retransformalion back to the selected stations. The goodness 
offit can be checked for 1925- 1973 by the cu rvcs presented in Figure 3c: the 
worst disagreeemcnts arc fo und for Kuujjuarapik, bill generally, the fit appears 
good. 

I! is necessary to check the stability of the rer.:o nstructions by using 
series slarti ng before 1925. Raw data (before estimating the missing data) arc 
used. First, the correlations between the reconstructions and the actual values 
fo r the six stations are given by Figure 4. These correlations (theiT average is 
0.54), with degrees of freedom ranging from 30 10 40, a re a ll sign ificant at the 
O.OI-leve1, except for Nottingham (R=0.24). Nevertheless the reconstruction for 
Nottingha m Islaml is significant ly correlated wit h the actual values ofChur-
chill (R==O.6 1), bUI since there are no available proKy data at this site, further 
explanations of its climatic peculiarities are not offered. For an independent verifi-
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T"RlE 4. Standardised regression codlidcnts{mu' t,phed by 10) of the 4 PC versus the proxy 
variabl~ ror the 4 seasons. 
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fiGURE 2u) Willler Tcmp~ralUre 
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FIG URE 3, Calibrut;oo {)f the sellSooal temperatu re io six statiorlS: the dolled lines arc the 
estimates and the undolted lines arc the actual observations. Solid lines represent the fil tered 
series (the cut-off period of the filler is 7 years) . 
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FIGURE 2b) Spring Temperature 
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FIGURE 2e) SummerTcnlperalure ,. 
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FIGURE 2d) Autumn Tcm~ralUre 
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W. Il ~E 5 Loading roclors orlhc 6 Slwlions vs. l h~ 4 PC fnr4 seasons; Ih.-s~ a.r~ Il\ceigenvcclOrs 
{avcl1lged on a .cgional ba,is} multiplied by tile sbndard deviation of the: com !sf)Qnding PC and 
by tni~ of the: corresponding ~l lU ion . so Illal Inc reconSlrllclion~ arc in "C. 

Red L. M~. Kuujjar. Kujjuaq Church. Nottingham 

Win ter.PC - 1.79 -1.85 -2.26 - 1.79 -1.86 -1.27 
2 .9Q .69 .28 -1.53 .00 -1.52 
J ." .21 -.57 - .77 .46 - 1.27 
4 - .45 .23 .00 .20 - .46 .00 

Spr il1g: PC - 1.47 -US -1.79 - 1.58 -1.54 -I .ll , -.74 -.3 1 ,55 .,. . 00 ... 
] -.37 -. 15 .22 .59 - .)9 .64 , -. 18 . J> .00 .00 -.39 -.32 

Surnmcr:PC I -1.05 - 1.12 - 1.5 .:1 -.58 -.98 -28 
2 .Il _. 14 -.22 -.63 -.'II - .84 
J .60 ... -.22 - .63 21 _.56 , .00 .00 .00 .2l - .41 -.28 

AUlumn:rC -1.34 - 1.38 - 1.J5 - 1.1 2 - 1.58 - 1.08 , ,lQ ,46 .J> -.4.2 .20 -.62 
J ," ,00 -.15 - .28 ,W -.J! , -.17 - .15 . J> ." .20 ," 

cation. it is necessary. sometimes to use dislant stations. Nevertheless, thc 
intercorrelations are sufficiently high so that large scale climatic variations can 
be analyzed. Data rrom three meteorological stations arc available: (i) Fort 
Hope (Ontario), with 17 years of valid observation in the 189 1-1930 interval; 
(Ii) Moose Factory (Ontario), with 48 observations in the 1877·1938 interval; 
(iii) York Factory (Manitoba), wit h 42 obseryations in thc 1714-1870 interval. 
The first two can be used to check the reconstruction of Red Lake, the second 
ror Moosonee and Kuu.ijuarapik, nnd the third for the others. The correlations 
arc presented in Figure 4. Their average is, 0.42, which is close to the (i t over 
the dependenl period: the reconstructions are thus stable in spite of a relatively 
modest fil. A las t signal check is given by computing Ihe correlations with the 
longest series: (i) Norway House, Manitoba, with 38 observations between 
1885 and 1968; (ii) Cochrane, Ontario, with 63 observations between 1910 and 
1979; (ii i) Mistassin i, Quebec, with 55 observations between 1885 and 1980. II 
is clear (Figure 4) that these arc also significant (R ::. 0.50). 

The same procedure is applied to the other three seasons. As 
presented for summer, Table 4 shows the regression coefficients. Figure 3 
shows thc accuracy of fhe fit and Figure 4 the verifica tion correlations. It is 
clear that these seasons are better reconstructed than summer. As tree-ring 
serie.<; a rc more related to summer temperature and ice condilion series aTe 
more related to other seasons, this bet ter fit demonstrates that historical series 
have clearer linkage with climate than tree-ring series. The correlations wil h 
aelUill values ove.r the. calibration interval arc larger th:m 0.70 and close to 0.50 
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VERIFICATION OF THE RECONSTRUCTIONS 
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WINTER TeMPERATURE 
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AUTUMN TEMPERATURE 

FIGURE 4. Correlatron coefficients between the reconstructions and the actual ob~ervlil iDllS. 

These arc computed, ovcr the J 925-1979 calibration interval, fo r Ihe ~ix sdected stations; over va rj~ 

ous intervals cKlendil'lg mll~imum over 1714--1938. for thret< Olher stat ions (Fon Ilope, Ont., 
Moose F~c1ory . 0 111., Yo rk !"',.Clary, Mall .): and over various inleryals eXlending m~~imum over 
IlIli5-1979, ror three Olher slmions (Norway I louse. Man., Cochrane, Onl., Mis tassini . Quc.). 
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over the independent intervaL Finally, six series. for fo ur seasons, are avait­
able. Six annual series are produced by averaging the four seasons. 

This kind of verifi cation is not adequate to eheck the reliability of 
the trend. because the refcrence series are too short. The historical series of 
annual temperature, given by Ball and Kingsley (1984), will be used 10 verify 
the goodness of lit of the tTend for our reconstruction of Churchill's annualtem· 
pcralu.rc. Six periods arc defined according 10 the availability of the data 
(T able6). Both series are compared 10 their mean and the anomalies are com­
puted for the six periods. The evident discrcpaney shows that the trend is nOI 
well reproduced. This conclusion can probably be exlended 10 Olher reconstru(.'­
tions. Some procedures for improvement will be examined below. Only the 
final reconstructions will be presented in Figure 5. 

5. ANALOGUE METHOD 

In the precceding section, the transfer ftlnction enabled one to fit very well the 
interannual variations, but not the trend. Essentially, the transfer function , 
which ex trapolates the information contained in the reference set. is dominated 
by the higher freq uencies, which control the fitting criterion and finally thc 
extrapolation. An alternative method is now proposed which was also used by 
Alt ( 1983), but in a qualitativc way. The current data, between 1925 and 1979, 
are considered as a reference set which conta ins a ll possible scenarios or the cli­
mate between 1700 and 1924. So, for each year from 1700-1924. an analogue is 
searched for in the period 1925-1979. The selected scenario is considered as a 
"model" for the historic year. With this method, it is not possible to obtain a 
more extreme yearly climate than those which are represcnted in the reference 
set; only frequent cold years can be responsible for a colder mean climate than 
those included in the reference years. The results wi ll show a posteriori that the 
1925-1979 period is suffi ciently exhaustive. 

T~OLIo 6 Mean anom:tlic~ ortlle annualtempenuure (to tile 1925·1979 norm!II!;) in York r~ctory 
(actual values) lind in CllurclliU (~.I timales ) for differtnl period, whtn lIistorical data are avai l:l blc. 
The norm pl Ht York i.\ evaluated to -7.3"C Qn() at Churcllltt to -6.7~C. The lirst reeoostrucl ion 
1FT) is given by transfer function and the second on~ (Fr -J.A) is given by transfer function -J. ana­
logues method. 

pedml no. OM York Factory ChUl.Fr Chur. FT+A 

1775·1797 10 -0.24 -J.O.65 -tI.19 
PIl5· 1826 " ~." -{JA7 ~.50 
1827·1832 6 +I.IS ... (l.J 5 -u.os 
1838· 18.52 " -J.O.02 +0.38 -J.O. IO 
1875-t889 " -{J.77 4).2~ -4.33 
1899·t91O " -0.13 -J.O,27 +0.07 

1775·1910 70 ~.]) -J.O.07 "().16 
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a) winlcr("C) 

FIGURE S. Reconslructions of Ihe scal<onal lempcraturcs for si..: seleL1ed sialions; the darker 
Iln~, repres~nlthe temperatures smoothed by a digi tal fil ter (cot-ofT period"" 7 years). 
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c) sllmm~r (OC) 
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e) allllual/"C} 
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In order to achieve the best application of this method, it is neces­
sary to carefully choose the defining criteria of the analogue. The cleven ice condi­
tio n series a nd the seven tree-ring series have appeared exhaustive in the 
preceeding ~ection. These IS variables are transformed into 13 principal com­
ponents, selected by the pvp criterion, as seen in the preceding section, in order 
10 reduce Ihe redundancy and the noise. Nevertheless all of these variables 3re 
not equally important in representing the tempera tures of the region. Canoni-
cal analysis may be used to define the linea r combinatio n of the proxy serit:S 
which is the most correlated with the temperatures. 

The 4 PC's of the fo ur seasonal temperatures arc used as the 
dependent SCI, so that the complete thermal lield is considered si mulaneously. 
In o rder to emphasize the trend and because tbe tree-ring series a re allen 
a utocorrelated, the 16 climatic PC's are time-filtered as follows: 

(2) 

where the index f ind icates the mtering. This ti lter has a response of less than 
50 % for frequencies larger than V •. Finally two groups with a similar fre-
q uency behaviour are defi ned: ( I) the 13 PCs of the 18 proxy data sets a nd (1) 
the 16 PC's of the filtered seasonal tempcrat ures. A canonical analysis (for 
details see C lark, 1975) was performed o n Ihe 1925-1979 interva l. The first 9 
canonical axes are significant (0.05 level) according to a chi-squared criterion. 
These are computed, for tbe proxy variables, over the 1700-1979 interval. The 
resulting(2S0 X 9) matrix is used 10 define the analogues. These have the charac­
teristic to best represent the temperatures. Now it is necessary to defi ne a proxim­
ity measurement. T he year k fro m the 1925- 1979 interval is said to be the best 
analogue of the year i from the 1700-1924 if:, , 

d(i,k) = ! (x 'J - xxi is minimum (3) 
j ~ 1 

where x~ is the value of the jlh canonical componenl for the year i. For every 
year i, the best analogue (k) is found and the thermal regi me of year k is 
assigned to i, i.e. the mea n temperature of the four seasons. 

By using a 7-weights low-pa~s filt er(thesameas used for smooth­
ing the reconstructions o f F igure 5), the low frequencies o f lheseries recon­
structed by the analogue method are retained and those of the series 
reconstructed by the transfer fu nction are removed , T he resul ting series aresum­
med and the final reconstructio ns are depicted in Figure 5. 

Figu re4 enables theevalualion of improvements obtained by the cou­
piing of bo th methods. It is clearly better for spring a nd summer (mean correla­
tion increases, respectively, from 0.52 to 0.6 1 and (rom 0.42 to 0.51), modcst ly 
better for autumn (from 0.49 to 0.53), and negligible for winter. Table 6 shows 
Ihat the trend is now well reconstructed since the anomaly of the period 1775-
1910 is estimated to -0. 16°C, which compares favourable to the actual -O.13OC. 
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6. RECONSTRUCfION OF TIlE SEA~ L.EVEL PRESSURF.S 

An initial observation is that the sea-level pressures are not independent of the 
temperatures (Table 7), but that the linkage is complex. 

The proxy data available do not allow a direct reconstruction of 
the total pressure variation. but only those parts which are related to the tempera­
ture field. A regression is computed between the selected 16 PC's ofthe pres-
sure field and the 30 temperature series (6 selected stations for reconst ruction X 

4 seasons I annual mean) over the common 1953·1 983 interval. The regression 
coefficients are then applied to the reconstructed temperature series from 1700 
to 1979. A (280 x 16) matrix is so developed. that will define the a nalogues. 
FinaUy the seasonal SLP series fo r the 6 selected stations are reconstructed by 
using relationship (2) with this (280 x 16) matrix (Figure 6). Table 8 shows a 
firsl l rial. Generally, ThompsonrrHOM) and Noltingbam lsland(NOlT) pr~ 
vide the most slable reconstructions and the best reconstructed seasons are win­
ter and autumn. Nevertheless, this is nol a proof of validity. because the 
correlations between both fields are not perfect. 

A second possibility of veri fica lion lies in a comparison with the 
reconstructions by Fril ts et 01 ( 1971) for North America, Atlantic a nd Pacific 
Oceans. For Hudson Bay, these authors found winter anomalies of · 2 mb in 
173 1- 1735, 0 to 2 mb in 179 1· 1795 and 1811-18 15 and finally 2 to 6 mb in 
1890. Figure 6 confirms all except for the 1811·1 815 series. The end of the 19t h 
century and the beginning of the 20th are characterized by annual mean high pres· 
sures, whiie the 80 previous years a re designated by low pressures, which 
appear also in the reconstructions o f Frius et 01. This is encouraging and will 
be discussed below. 

7. TREND ANALYSIS 

The /700- 1979 interval can be divided into eight 35·year intervals, which is 
close to the standard normal period for climato logical data (the standard num· 
ber 30 is not chosen because it does not d ivide 280). The reconstructed tempera· 
lures and SLP a re averaged for each 3.s..year interval by steps of 17.5 years. 

In winter (Figure 7a), two temperature maxima appear I) at Ihe 
end of the 18t h century and 2) the middle 20th cent ury in the East, and, 

lAO Lt': 7 MUhiplc corrcl:ttions between th.e PC oft tie SlP a nd ttlrn;e orthe tempcrtllUrc. 

PCSL}> Winter Spring Summer Autllmn 

I 0.]6 0.85 0.75 0.7\1 , 0.75 0.88 0.85 0.82 
3 0.88 0.78 0.75 0.84 
4 0.7S 0.112 0.72 0." 
IO tal 0.77 0.85 0.79 O.BI 
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a) winter !mb) 

FIGURE 6. Rttoostructions of Lhe se"8sona' sea-ieI'd pressures rot six Sc1CL1Cd stations: lhe 
darker Jines rc pre!<em the SLP smoothed by a digilal filter (I:ut-o/T period "" 7 yc»r~) , 
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t) SUm mer (mb) 

42 Climatological Bu lletin I Bulletin ciimatologique 19(2) 1985 



d) aut umn ( mb) 
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e) ll ll uual (mb) 
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i ... ~t E g V~riIiClllj(1n (Jf Lhe stability f)fth~ con~lation between reconstructcd SLP and actual 
tcmperatures. Thc stations are represcnted by Ihc first four lellers Hcept KUUJ 0:. Kuujjuarapik, 
KUUA = Kuujjullq. MOOr = Moose Factory, ndr "" number or degrees of freedom. Only the 
parameters with at Icast a significant oorrelalion arc prc~cnted. 

actual P/actunl T reconslrueled I'=surc aelual Temperature 

(1953-198.3) ndf - 31 slat. pc-riod ~'()rr. mlf slat. period rotr. 0" 
'.0 WINTER". 
THOM/NOTT 0,46 /NOTI 1923-1970 0047 42 tHOPE 1891·19)0 0.41 " KUl lA/MOOS 0.35 I MOOS 1932·1979 0.35 " !HOPE 1891·1930 0.22 " CHURINOn' 0A2 /NOTT 1923·1910 0.47 42 !HOPE 1811 1-1930 0.40 " Non·/Norr 0.l 8 INOTT 1923-1910 0.40 42 I I/OPE 1891-1930 0.23 " 
·--SPR ING .... 
THOM/REOL - _50 IREOL 1930-1979 - .38 23 I HOPE 1891-1930 _. 1 I " KUUAlKlJUJ 0.34 I KUUJ 1925· 1919 0.28 45 IMOO!'" 1877-1938 0.21 " CH UR/ REOL -.33 I RF.DL 1930-1919 ,09 23 
NOTT/KUUJ 0.'" I KUJJ 192~1979 0.43 " I MOOF J877-1938 0.35 " 
•.•.• SUMMER ••• 

THOM/ MOOS -.51 INOR W Ig85- 1 9(j~ -.28 l8 
Moosmon - .3!! !NOTI In3-1970 - .15 '" KUUJI CHUR 0.34 I YORK 1714·1870 0.27 42 
KUliA/NOTT _.21 !NOTT 1923-1970 -_22 40 I NORWI885-1968 0.43 l8 
NO'JT/ NOTT 0.33 I Non> 1923-1970 0.17 '" 
•• • AUTUMN •• • 

TI IOM/KUUA - AI !NOTT 1923-1970 -AI 42 
MOOS/NOTT _.H INOTT 1923-1910 - .J) " KUUJ/RI3DL 0.'" I REDL I'HO-1979 0.29 26 
KlJUAIREDL 0.58 I YORK 1114·11110 0.20 42 
CHURIKUUJ -.39 /NOIT 1923-1910 -.2& 42 
NOlT/ CHUR 0.6 1 IYORK 11I4-JR70 O.SI " 
around 1840 and slightly earlier (1 9 1 0-1945), in Ihe West. Between Ihese max­
ima. the winters were cold, mainly in the East. For the SLP. the importanl 
peak in 1875-1910 has no therma l correspondence. It is possible to summarize 
the zona li ty of the at mospheric circulation by the difference between the Iwo 
points of extreme latitude, Moosonec and Noningham, and its meridional char­
acter by the difference between two points of extreme longitude. Thompson 
and Kuu.ijuaq. The warm periods in the East and SOUIh-East (late 18th century 
and 20l hcentury) were characterized by a weak meridional circulation. The max­
ima in Ihe W<.-s t were marked by a weak zonal and st rong meridional circula-
tion. The Little Ice Age, finally. has been depicted by winters with strong 
meridional circulation ravouring polar air invasion 10 the South and East. 

Tn spring(Figure 7b), Ihc temperature seems to have the same pal­
tern behaviour as in winter, but Ihe amplitUde ohile variations is smaller. In 
the E:lSI, the SLP seems positively correlated with the temperature( ex, K uujjua ra-
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b) ~pring 
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pi le minimum ofS LP and T around 1735·1769 and maximum around 1875-
1909). III thc Wcst, the correlations seem to be negative, since the SLP's are 
relatively low in the 20th century. Table H confirms this. The zonal and 
meridional circulation indices arc defined at the bottom of Figure 7b. It is 
dear that temperature increases of the 20th eenlllry were accompanied by an 
increase of zonality and a decrease of the meridional circulation. The Little lee 
Age was characteri7.cd by a less intense zonal spring circulat io n and n less domi­
nant Atlantic low pressure regime. 

In su mmer (Figu re 7c), thc temporal variations are the weakest. 
The SLP paltern seem to be divided between two groupings according to the 
means and the variatio ns: Nottingham and Kuujjuaq located often to the 
North or on the trajectory of the Arctic Front and the other stations more fre­
quently situated to the sout h of this front. A posit ive correlat ion seems to exist 
between summer temperature and SLP for the southern stations, as warm air 
masses more frelj uently invade the nort hern regions. For the nort h-eastern sta­
tions, the linkage is more complex. T he SLP difference between T hompson 
and Kuujjuaq, summarizing the meridional character of the ci rcu lation (and 
thus the warm air invasion 10 the North), is rebted negatively wit h the tempera· 
ture in the South and the West. 

In autumn(Figure 7d), the maxima take place in a moresynchro­
nous way at the end of the 18th and middle 20th centuries. PC analysis hm; 
shown the relatively homogeneous character of this season . The temperatures 
arc positively corrc1ated wit h the SLP gradient between East and West (Figure 
7d, aI the bottom). The Little Ice Age w:_s marked by a stro ngmeridionaldrcula­
lion in autumn. 

The annual mean conditiom are summarized in Figure 7e. Salient 
conclusions to be drawn arc: (i) the lillie Icc Age finished !II the end of the 
19th century; (ii) the annuallemperature difference between the warm and cold 
pcriods(J5 years) forthestations analyzed is between 0.5 and O.9°C;(iii) low tem­
peralure.~ correspond generally to meridional circulation (the greatest 
amplitudes occur during the cold seasons, Hlereby influencing the annual 
means). 

8. SYNO PTI C ANA1.YSIS 

The 30 reconstructed temperature scries arc analysed by PC for the 1953· 1979 
interval. The tirst four PC's explains R6.6% of the variance, Table 9 presents 
the years which are linked 10 these PC's (positive and negative side). This 
indicatt'S that eight , not necessarily independent, classes can be defined (see 
below). 

The sa llie analysis over 17()()"1979 enables aUocation of every year 
to o ne of thd;e eight classes. The cl asse.~ 1,4,5 and 7 are- the most frequently 
represented during the t:oldt:st periods (before 1770 and 1805- 1874) and the 
classes 2, J, 6 and 8 are the most frequently represented during the 20th cen-
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TMLF. 9. T<,mp .. raturt: variables influeocing the llIustlhe tim four PC and th .. yea rs which IIr .. 
associa lcd.C .... cold and W" warm. The numbers oft h" oorr~spond i n¥ dass~s are indicated in 
bracke ts. 

,e variabk years years + 
annual (I) 1972, 1978 C (2) 1953, 1%8 W 

2 Summer (oppo~i l ioo with Winter) (3) 1955. 1973 W 
Win lu (op~it;on with Summt: r) (4) J956.1%9C 

) Spri ng (5) 1954, 1%7 C (6) 1977 W 
4 Aulumn (7) 1959 C (8) 1971 W 

IUry, This analysis describes, in a general sense, the climate oflhe Lillie Ice 
Age: generally cold with the possible exception in winter(mild winters are some­
times as~ociatcd with cold summers). The year 1972 is the best approximation 
to represenl Ih is state. 

Synoptic maps an:: prcscnled (Figure 9) which show the geographi­
cal distribution of the cl imate palterns of these eXlrcme years. Temperatures 
(OC) arc expressed in terms of departures fro m the 1925- 1983 mean (Figure 8) 
and SLP (mb) in absolute units (Figure 9). Class 1, reprcsellled by the two 
years 1972/1978, depicts the years with low annual temperature (- I to -20(:). 
T he maximum anom:tlies occurred in summer and autumn . Pigure 8a shows 
niaximum anomal ies in Ihe North. T his class is in contrast with class 2 ( 19531 
1968) havi ng an anomaly of I"C mainly around Hudson Bay andQucbec(Fig­
ure 8b). Clear dilTerences are evident for the SLP fields between Figures 9a and 
9b. A cold year corresponds to a slrong pressure gradient (7 mb) with deeper 
cyclones located moretot he North. A weak gradient (less than 3 mb) is character­
istic of a warm year. Figure 8e shows that the warm autumn anomaly is 
important for northern Manitoba, Hud~on Bay and Figure ge shows tha t the 
high SLP extends to the West and the South, but the gradient is only 4 rob, 
while for a cold autumn, it can be 10 mb. 

Class 3 ( 1955/1973) is characterized by a warm summer (t"C 10 

2OC) and a cold winter (OOC to - 2OC), T he summer anomaly is maximum in 
the North-West (Figure 8d) and the winter anomaly is important in the Nort h 
(Figure 8e). Class 4 is the opposite to class 3 (1956/ 1969), with cold summers 
and warm winters. The winter positive anomaly is important in the East (Pig­
ure 8g) and the summer negative anomaly is important in the South-East (Fig­
ure 81). Comparison of Figures 9d and 9f shows that high pressures climb to 
the North and A tlantic low pressures are deeper in a cold summer. Compari­
son ofFigures ge and 9gshows that warm winters arc characterized by a gener~ 

ally higher SLP over the whole region and also be a stronger barometric 
gradient. 

Class 5 ( 1954/ 1963/1967/ 1970) is characterized by a cold spring (Fig­
ure 8h) related to a northerly flux with strong highs in the West (Figu re 911). 
This is verified by comparison with the warm spring (Figures 8i and 9i) of class 
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6 ( 1977), when high pre."sure extends over the North-West find South, making 
a south-western nu x. 

Th e autumn of class 7 is cold (Figure 8j) mainly in the South-Wesl. 
The nort h-eastern lows are deeper than usual (Figure 9j) and western highs are 
located in a marc northern position. Class B (1971 ) has no particular anomaly. 

In conclusion, the years 1972/1978, 1956/ 1969 and 1959 seem to 
be good models for the Little Ice Age. The temperature was cold during the 
whole year except dnringsome winters wh ich were sometimes milder in Q ue-
bec. A cold spring and alltumn oHen prolonged the wimer season mainly in 
the West. Zona l circu lation was weak in winter and spring while the Arctic 
Pront had <L more southerly location. Other feature.~ were deeper Atlantic lows 
and weaker western highs. 

9. CONCLUSIONS 

Two kinds of data have been combined 10 produce climatic seasonal reconst ruc­
tions for a large region centered on the Hudson 8ay. Historical proxy serie.~ 
from the Hudson's 8ay Company, compiled by several authors, are well 
related 10 climate, but they are characterized by many gaps. Tree-ring data are 
continuous; however, their lin kage with climate is sometimes complex. It has 
been shown that thctwo kinds ofduta lire complementary. Appropriatestulisti­
cal methods permit reconstructions of seasonal temperature and sea-level pres­
sure. Pirst , standard transfer functions show that the available proxy series 
network is sufficiently representative of the temperature field for the region. 
Thus Short-Ierm variations have been reconstructed. Second, an alternative 
meth od, based on the closest analogues, enables correction of spurious 10ng­
term variations. It seems thilt the analogue method alone, ma y be able to yield 
good res ults as well, but the series should perhaps be first " prewh ilencd" to recon­
struct high frequencies. This hypothesis needs to be checked. 

From the reconstructions, it is clear that the 18th and 19th centu­
ries were colder than the 20th on both an annual and seasonal basis. Differen­
ces of 0.5 to 0.9"C for annual tem peratures between coldest and warmL'St 35-
year intervals are obtained. These cold periods are characterized by a less 
intense zonal circulation In winter and spring, and low pressures linked to a 
more southern trajectory of the Arctic Front in sum mer and autumn. Eight 
classes of synoptic situations have been defined, which characterize the tempera­
tures of the 1700- 1979 period. Thus: the years 1972/ 1978, 1956/1969 and 1959 
are representative of the cold periods, mainly 1805-1839, and the years 19531 
1968, 195511973 and 1977 are representative of the warm years. 

ACKN OWL eDGEMENTS 

This work has been performed thanks to a post-doctoral fellowship of the 
Natuml Science and Engineering Research Council of Canada, thanks to the 

J. ClliOI/ N{'roIlSII'IICI;Oll o[Sf.'aSDllal Tempe/'tlfures alld Sea-level Pressures 53 



HUDSON SA Y AREA: TEMPERA TURf ANOMALIES 

.' , . ', 

.' , " , 

Ill ' . ~' . 

FIGURE8. Synoptic ma~ ofac!U31 seasonal lefJ\~rature anomslitr("C) fortheyean,rcprcsenl­
ing the eight 5elected classes (~ec lc~t)_ 

54 Climatological Bulletin I Bulletin c!imatologiquc 19(2) 1985 



HUDSON 8A Y AIIEA, TEMPEIIA TUllE ANOMALIES 

• 

s ' • n' • .'. n' • 

J. Guiot I RecollStrnction of Seasol/ol Temperatures alld Sea-level Prenures 55 



kUDSON 8 A Y AREA: SEA-l EVEL PRESSURES 

~' , .', 

FIGURE 9. Synoptic maps or OictlJ~1 sea-level prcs.~llrtS (mb) for the ytar~ representi ng the 
eight seleCled cJtlSMi (sec Ic~l) , 

56 Cli matological Bullet in / Bulletin climalotogiquc 19(2) 1985 



HUOSON BAY AREA; SEA-LEVEl PRESSURES 

J. GII;O/ / Reconstruclioll a/Seasonal Tempt'rO/ures mltl SeQ-level Pressures 57 



material support of the Atmospheric Environmen t Service, and thanks to the 
advice, comments and encouragement of Mr. B.P. Findlay. Thanks also to 

Mr. L, Stei nberg, M. Thomas, and 1. Padro ror helprul comments. 

BIBLIOGRA PH Y 

Allen, W.T.R., 1977. Free-Ie-up. brcQ k-up and ice thickness in Canada. Fisheries Ilnd 

En\l iro nment Canada, A ES, C LI·I ·77, 185 p. 

Alt . B.T., 19113. Synoptic analogs: II technique for studying climatic cha nge in the 
Canadian High Arctic. Syllogcus 49, H arington C. R., cd" Musl'C' National 

des SciC'llces Nalurell~, Ottawa, 70-107. 

Ball, T ., 1983. The migration of gL"CSC as an indic .... tor of clim:lte change in the Southern 

Hudson Bay region between 1715 and 185 1. Climalfc Chanf:e, 5, 83-93. 
Ball, T .F., and King:;ley, R.A., 1984. Instrumcntallemperature records altwo si tes ill t'en­

Iral Canada: 176810 19 10. Climatic Chfll1ge, 6, 39-56. 

iJcn1.ecri, J.I'" et collaborateun, 1973. L'analyse dcs DonOl:es (21Omes). Dunod, Paris, 

615 p, 619 p. 

Blasing, T.J .. 1978. Time-series and multivariate linalysis in paleoclimatology. From: 
Time-Series lind Ecological Processcs. n .H . Shugart(ed.). SIAM-SIMS con­

rcrence series 5, Philadelphia. 

Bryson, R.A., and Hare, F.K., 1974. ctima l~ of North AmC'rica (vol II). World Sur\ley 

ofClirntltology, Landsberg H .led), Elsevier Scientific Publishing Com­

pany, AmslI:rdam, 350 p. 
Catchpole, AJ . W., 19RO. Hisloril.."111 evidence of cl imatic change in Wcstern lind North­

ern Canada. Syllngeus, 26, HaringlOn (1..'(1), Nul. Mu~t'um of Nat. Sci., 

Onawa, 17-60. 

Call,;hpolr:, A.J .W" and Ball, T .P" 19K!. Analysis o f hislorical evidence o f cJimtllio.: 

change in westcrn and northern Canada. SyJlogeus 33. H arington C. R. 
(cd), Musee National dcs Sci(;nccs Naturelles, Ottawa, 47-96. 

C lark, D ., 1975. Undemanding canonical correlation analysis. University of East 

Anglia, Geo Abst racts Ltd, Calmog 3, Norwich, 36p. 

Cropper. J .P., and Frill~, H.e., 19111. Tn: ....... ring with the chronologies from the North 

Americ:. Arctic. Arc/ic alUl Alpine Rl'~'eQrch , 13,245-260. 

Davies, c., biologist III Queen's Universi ty, Kin~ton. Con\lersations with au thor at Chur­

chill, Manitoba, AU8U.~ t 1984, and correspondence. 
FrillS, "I.e., 1976. TI'{'('-RingJ mul Cli/fm/e. AC3demic Press. New York , 567 p. 

f ritts, H.C., Uiasing, T.J ., Haydn.B .P" and K utzbach, J. E., 197 I. Multivariate techni­

ques fo r specifying tree-growth lind climate rela tio nships and for reconstruct­

ing anomalies in paleoclimate. JOlJrnol ojApp/{ed MctMroIQ!V'. 10. 845-864. 
Guint, J ., 1985a. The cxtrarolatioll of fccent clinwtologica1 series wi th spect ral 

canonrcal regres.~i on . .f{Jl/fIIal of Clima/%gy, 5, 325-33.5. 

Guiol. J., J98.5b. Reconstructions des champs thermiqLlcs et baromelriquc.s de la region 
de Iii Baied' Hudsondcpuis 1700. Environmenl C:lOada,SEA, Down~-

view, rapport jnktnc (a p:.raitre, in press). 

58 Climatological Bulletin I Bulleti n cli matologique 19(2) 1985 



HanseJJ, R.o (cd) 1984. Study on temporal development of Subarctic ew~ysl{"ms ­

determination of the relationship between tree-ring increments and cl i­

mate. Report to Department (JfSupply and Services, contract OSU84-

0004 1. 
Hi llai re-Marcel , c., Oeehieni, S., Marchand, l ., and Rajewicz, R., 1981. Analy~is of 

recent ciimaliechanges in Quebec: some preliminary da ta. SyllagelJs 33, Har­

ingtan, C. R. (cd), MusCe National des Sciences Naturelles, Ottawa. 28-47. 

Hufty , A., 1982. Auulyse en composantes principales de si tuations synoptiques du QuO­

bec. Geographic Physique cf Quatl!rl/oire, 34, 307-314. 
Imbrie, J ., and Kipp, N.G., 1971. A new micropaleontological method for quanti tative 

palaeo- climatology, application to a late Pleistocene Carr ibean core. The 
Lille Cel/ozoic Glnc/al Ages. K. Tu rekian (00), 71·18 1, Yale Univ. Press. 

Jaooby, G.C., and Ulan, L.D .• 1982. RecOl1.'ltTuctions ofplllit iceoondil ionsin a Hud­

son Bay estuary using tree- rings. NOIure, 298, 637·639. 
Lamb, H.H ., 1977. Climate: Prcsenl, Pasl Qlld FUII/re. Methuen, london, 825 p. 

l e Roy Ladurie, E. , 1967. HislOire (hi CHma! JJepuis fUrl mil. Flammarion, Paris, 

426pp. 

MacKay, O. K., and Mackay, J.R ., 1%5. Historical records or freeze-up and break-up 

on the Churchill and Hayes rivers. Geogruphical Bulletill, 7, 7~ 1 6. 

Moodie, D. W., and Catchpolc, A.J .W., 1975. Environmental data from historical 
documents by content analys is: freeze-up and break-up of estuaries on Hud­

son Ray, 1714-1871. Mani toba Geographical Studies. 5, Univ. Mani toba, 

Gengr. Dept. , Winnipeg. 

Moodie, D.W., 1977. The Hudson Bay Company's a rchives, a resour~ fo r historical 

geography. Canadiull Geographer, 2 1, 268-274. 
Moodie, D.W., and Catchpole, A.J.W ., 1976. Valid ciimatologieal data from historical 

sources by content analysis. Science, 193,5 1-53. 
Parker, M.C., Jozsa, l.A., Johnson, S.G., and Bramhall. P.A., 198 1. (pari 2) White 

spruce annual ring width and density chronologies from near G reat Whale 

River (Cri Lake) Q uebec. SyJlogeus 33, Harington, C.R. (cd.) Musec 

Nationa l des Sciences Nalurel1es, Ottawa, 154-188. 

Payette, S., Filion, L , Gauthier. L. , and Houtin, Y. , 19114. Devcioppemellt d 'une pes­

~iere a 1ichen~ au eours des 500 dernii:rcs anoees: une analyse dendroclima­
tique. Presente l.IU ool1oque de I'lNQUA. Sherbrooke, 30CL 

Rannie, W.F., 1983. Break-up and freeze-up of the Red River at Winnipeg, Malli toba, 

Canada in the 19th cent ufY and some climatic implications, Climatic 

Change, 5, 283-296. 
Thomas, M.K., 1975. Recent climatic Iluctuations in Canada. environment Canada, 

I\ES. C limatological Stud ies 28, Toronto, 92p. 

Wilson, C.V., 1982. The summer season a long the ea~t coast of Hudson Bay during the 
19th eeOlury. Environment Canada, Canadian Climate Cent re, 

Dnwnsview, report 82-4, 223 p., + appendices. 

Wilson, C. V., 1983. T he little lee Age on Ea~tern Iludsoll Bay: summers at Great 

Whale, Fort George, Euslmain, 1814-182 1. Environment Canada. 

Canadian Climate Centre, Downsview, report 83-9, 145 p .. + appendices . 

.I. Guiol / Reconstruction o/Seasonal Temperatllres and Sea-level PreHllres 59 



News and Comments 
Nouvelles et commentaires 

RETIREMENT OF K.D. HAGE, UNIVERSITY OF ALBERTA 
Edward Lozowski 
Department of Geography, University of Alberta, Edmonton, Alberta 

On June 30, 1985, Keith Donald Hage, Professor of Meteorology for eighteen 
years in the University of Alberta, retired. 

Although he intends to remain active in research and continues to 
maintain an office at the University, he will be sorely missed for the inspiration 
of his teaching and the wisdom of his collegial advice. His retirement was 
marked by two events at the University attended by friends and relatives as 
well as present and former colleagues and students. Gifts of both a humourous 
and serious nature were offered and accepted graciously. These included sev-
eral antique and modern weather instruments and various paraphernalia to 
enhance the enjoyment of his equestrian and gardening hobbies. The "piece de 
resistance" was a framed illuminated manuscript featuring the Tower of the 
Winds in Athens, beautifully crafted by Mr. Geoff Lester. All of his colleagues 
and students wish Keith good health and stimulating activity in his retirement. 

1985 FRIENDS OF CLIMATOLOGY MEETING 

J.H. McCaughey 
Department of Geography, Queen's University, Kingston, Ontario 

The Friends of Climatology met at Queen's University on June 26 and 27. The 
meeting was hosted by the Department of Geography and 25 participants 
attended. 

The Friends of Climatology started in 1970 with the inaugural meet­
ing at the University of Windsor. Annual meetings have been held every year 
since that time with the ·exception of 1979 and 1981 (Table I). The purpose of 
this group is to foster interactions between persons interested in climatological 
work. Each year one person is designated as " Climatologist-in-Orbit" whose pur­
pose is to visit various institutions and give a presentation on some current 
research topic. This past year, Stewart Cohen (AES) was the orbiter, and we 
are all in his debt for an excellent effort in reporting on his work in applied clima­
tology. His presentations dealt with the assessment of the impact of climatic 
change in the Great Lakes Basin and on formulating a methodology for the 
assessment of climatic impact. 

At the June meeting of the Friends, Stewart reported on his 
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impressions. He emphasized the need to better coordinate the visit of the 
orbiter to neighbouring institutions in order to minimize both travel time and 
travel costs. 

Other speakers in the morning session of the meeting included Ben 
De Cooke of the Detroit office of the American Corps of Engineers. He spoke 
about the role of climate forecasts in the prediction of lake levels in the Great 
Lakes system. Neil Trivett (AES) described the work he is currently doing in 
the Arctic on the monitoring of background air pollution. In particular, the 
establishment of the baseline station at Alert and some initial results were dis­
cussed. 

In the afternoon session, Bob Stewart(AGR. CANADA) gave a presen­
tation on the impact of climate cooling on spring wheat yields in Western Can­
ada. The potential impact of nuclear winter was touched upon and provoked 
some interesting discussion. Andy Bootsma (AGR. CANADA) followed with an 
interesting report on the role of climate in agricultural management decisions 
at the farm level with particular emphasis on the Maritime region. Finally, 
John Lewis (McGill) discussed his current work on sea ice in the Arctic. From 
remote surface temperature scans, it was evident that ice thickness and the pres­
ence of open water areas playa key role in surface heat flux. 

Our thanks go to all the speakers. Each one showed that climatol­
ogy is alive and active! Next year the meeting will be held in AES, and Neil 
Trivett has kindly agreed to act as chairperson for 1986. 

Looking forward to seeing everyone there. 

TABLE I: Friends of Climatology - Meeting Places 1970 - 1985, Ontario/ 
Quebec 

1970 - University of Windsor 
1971 - McMaster University, Hamilton 
1972 - Atmospheric Environment Service and York University, Downsview 
1973 - McGill University and Sir George Williams University (Concordia), 

Montreal 
1974 - Agrometeorology Department, Agriculture Canada, Ottawa 
1975 - Scarborough College, University of Toronto, Scarborough 
1976 - University of Guelph, Guelph 
1977 - Atmospheric Environment Service Headquarters, Downsview 
1978 - Wilfrid Laurier University, Waterloo 
1979 - No meeting 
1980 - University of Windsor, Windsor 
1981 - No meeting 
1982 - McMaster University, Hamilton 
1983 - University of Ottawa, Ottawa 
1984 - Erindale College, University of Toronto, Mississauga 
1985 - Queen's University, Kingston 
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FRIENDS OF CLIMATOLOGY - THE BEGINNING* 

Morley Thomas, Toronto, Ontario 

Credit for the concept of Friends of Climatology and for contacting his "fellow 
climatologists along the Great Lakes-St. Lawrence axis" mu~t be given to Ken 
Hare. Sometime after Ken's arrival at the University of Toronto, he wrote to sev­
eral of us in the fall of 1969 to say that Marie Sanderson, at the University of 
Windsor, was willing to host a meeting in February 1970. The idea took root 
immediately and a dozen or so of us travelled to Windsor for the first meeting 
of the Friends on Friday evening and Saturday morning February 27 and 28, 
1970, 

The name Friends of Climatology was borrowed, I believe, from 
the Friends of the Pleistocene, a geology and geography group in the United Sta­
tes. From the start we were determined that this should be a non-organization, 
i.e. no officers, no dues, no formal papers, no annual report - in short, no-a11-
those-things we were already doing full time in OUT careers in university and gov­
ernment. And it worked! We sat around a big table at Windsor and discussed 
things of importance to our discipline and our profession and after a luncheon, 
which Marie convinced the President of the University to provide for us, we 
agreed we should meet again next year. 

John Davies of McMaster volunteered to host the 1971 meeting at 
his university, and thus it fell to McMaster to organize the facilities for the next 
meeting and to advise everyone soon enough so they could plan to attend. For 
several years the torch was passed each year, the torch consisting of not much 
more than an address list. The address list grew too, perhaps surprisingly since 
climatology was still coming out of its "dark ages" then and did not have the 
appeal to atmospheric scientists and geographers that it does today. 

Although we did have a "non-organization", we did recognize the 
common problems and opportunities which needed discussion. In his letter 
regarding the possibility of the first meeting, Ken Hare expressed them well -

a) The chance to improve and differentiate the curriculum in climatol­
ogy at all levels; 

b) Possible common facilities of research and publications including a 
journal or bulletin; 

c) Exchange of lectures, students, and facilities between centres; 
d) Relations with the developing cult of environmental studies, pollu­

tion control and similar cross-disciplinary fields; 
e) Climatology at the International Geographical Union 1972 

Congress. 
Now, 15 or so years later, you must agree that solid progress has been made in 
at least some of these areas. 

In the spring of 1972 the Third Annual Meeiing was held at York 
University and AES Downsview. We in AES were proud to show off our new 
building and there were at least 40-50 in attendance at the York sessions, which 
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included a dinner, and the Saturday meetings at AES including lunch. Gordon 
McKay and I felt better after those Toronto meetings too, since many AES 
meteorologists and geographers attended. For the first two meetings, we had 
played down the attendance of other AES people for fear of overloading the 
Friends with a government hue. 

The next year, 1973, the meetings were organized by Ben Garnier 
and others at McGill and we enjoyed a brief taste of Montreal night life. In 
March 1974 Wolfgang Baier and company at Agriculture Canada organized 
the meetings, and in 1975 the meetings took place at Scarborough College. 
April4 and 5 turned out to be beautiful late winter days in Toronto but the previ­
ous night , April 3/4, several hundred staff had been storm bound at AES 
Downsview. 

So the Friends of Climatology have withstood storms and the lack 
of an organization (so much so that meetings were not held a couple of 
times!), periods of budget restraint, and the retirement or pseudo-retirement of 
several of us. It has however gained many new, young, vigorous Friends, and 
15 years or so from now, I am sure they will recall the meetings of the 1980's 
as fondly as several of us do the meetings of the early 1970's. 
·Ed. Note - An ea rly attempt at " networking" . 

NOVA SCOTIA CLIMATE ADVISORY COMMITTEE 

The Nova Scotia Climate Advisory Committee held its inaugural meeting 
December, 1982 with twenty-three in attendance. There have been four 
meetings since then, about every six months. There has been much discussion 
about the role of this group and continued moderate interest, indicated by the 
attendance of about fourteen people at each meeting. 

The primary benefit so far has been the exchange of information 
on climate-related activities ongoing throughout the province. An inventory of 
non-AES climate data and climate publications has been compiled and circu­
lated to committee members. The committee has encouraged AES to move for­
ward on archiving non-standard data. An Atlantic Region Climate Workshop, 
to be held October 30th in Dartmouth, is being organized to provide a forum 
for climate-related activites in the region. Published proceedings will provide a 
compendium of people active in climatology in the region. 

ATLANTIC REGION CLIMATE WORKSHOP 

A one day workshop will be held at the Bedford Institute of Oceanography, 
October 30, 1985. 

The theme of the workshop will be Climatic Data Networks. 
Invited papers will examine questions such as; 

- Who operates them and why? 
- What are the results and benefits? 
- What equipment is used or available? 
- What is needed for the future? 
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The program will be rounded out by a panel and discussion period. 
The workshop is sponsored by the Nova Scotia Climate Advisory 

Committee and the Canadian Climate Program. For further information 
please contact either: 

Mr. Peter Dzikowski 
Program Chairman, Climate Workshop, 
Nova Scotia Dept. of Agriculture & Marketing, 
P.O. Box 550, Truro, Nova Scotia B2N 5E3 
or 
Mr. William Richards, Secretary, 
N.S . Climate Advisory Committee 
Atmospheric Environment Service 
1496 Bedford Highway, Bedford, Nova Scotia B4A IE5 

NEW BRUNSWICK METEOROLOGICAL COMMITTEE 

James F.L. Knight, P. Eng, Chairman NBMC 
Environment New Brunswick, Fredericton. NB 

The N.B. Meteorological Committee was formed in 1976, to better coordinate 
the collection and dissemination of climatological data in the province. It is 
made up of representatives of several federal and provincial governments and 
agencies and the University of New Brunswick, and a secretariat, Don Murray 
of the Flood Forecast Centre, supplied by Environment New Brunswick. 

The mandate of the committee has expanded by con census of the 
members to include a broader scope of meteorological interest. It now serves 
as a liaison to the Atmospheric Environment Service for rnost weather-related 
needs of the provincial member institutions. 

A major accomplishment of the committee is the preparation of 
the "Climatological System Review" for the province. This resulted in the amal­
gamation of some stations, upgrading of others, and the addition of new ones 
where most needed. By coordinating the resources of the agencies involved, 
New Brunswick is now on its way toward achieving adequate spatial coverage. 

A computer archive has been set up at the University of New 
Brunswick for all climatological data for the province since such records 
became available. TheSe data are readily available to all of the agencies. 

The committee has assisted AES with establishment of a 
Weatheradio systern, and with the design and implementation of new forecast 
products in the region. Surveys have been carried out to deterrnine the 
response to, or special problems with, and of these products. 

The chairrnan attended the recent meeting of the Canadian Cli­
mate Advisory Cornmittee, the first rneeting which included the provincial 
representatives. The NBMe will now serve as the provincial advisory commit­
tee to this larger body. We look forward to further sharing of information at 
the national level. 
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