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Foreword 

This issue marks the beginning of a new era for the Climatological Bulletin as a 
publical ion of the Canadian Meteorological and Oceanographic Society 
(CMOS). The Bulletin was formerly published by the Department of Geog­
raphy at McGill University in Montreal. The series of events that led to this 
changeover has been outlined by the former editor and founding father of this 
periodical. B.J. Garnier. in issue no. 32. 

Editorial policy is designed with a view towards establishing the 
Bulletim as a Canadian publication on climatology, with a nationwide scope. As 
such. a system for reviewing manuscripts has been instituted. as outlined in 
Information for Contributors. printed in this and subsequent issues. The two­
tiered system places the Bulletin at an intermediate level of review. between the 
other CMOS publications. Atmosphere-Ocean and Chinook. We hope that by 
publishing both formally reviewed research articles. and less formal notes and 
surveys. as well as student contributions. the Bulletin will be able to provide 
information of interest to a broad spectrum of readers. 

An endeavour such as this could not have been undertaken success­
fully without considerable support from the interim editorial board. particularly 
Ben Garnier and David Phillips. The efforts of the publications committee of 
CMOS are gratefully acknowledged. 

Ste\t'Qrt J. Cohen 
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An Application of Principal Component 
Analysis and an Agroclimatic Resource 
Index to Ecological Land Classification 
for Alberta 

c. D. V. Williams and .I.M. Maslertol1 

The a~sessment of tht: suitability for alternative USI!S ofland [cquir('s as a first step Ihl.' 

deso.:ripliun and evalu3tion of hl nd'~ intrinsic worth. Ecologi(''31 land cl:lssification (ELC) 

is a process used to obtain th is appraisaL The idenli ticmioll !lnd del ineation of ccofl'ginns 
requires an awareness ofwealh~r and cl imate characteristics. In pasl classification~ of 

land. climate has often been only inferred indirectly th rough veli:~lali(;)Il. The object i \lc~ 

olthe pn:stnt study were to determine if existing t'coregions are dimatically distinct and. 

more generally. to e.'(ptore possible tcchniqut's of incorp0nlting climate morc directly 

inlO the e LC procC$s. 
The slUdy area was thr province or Alberta, Spatil1l climatic anlllysis proce­

dures were used to obtain:l more unifo rm geographical representation of the province 

(han could be provided by dimalologiclll stlltions. USlOg th~ procedures. values were 

genCfllled for each of98 climatic variables ror each of 110 grid points in Alberla, Two 

ml'lhods of analysis were then appli("(lto th e,~e generatcd dim<llic data, I he fitst involved 

the usc of II principlIl component analy§is (PCA). The second applied Turc's clinullic 

indell of agricultural pot.:nlia1. A considcrabk degree of clirnlllic uniqueness in the 

various ecoregions. as assessed by these two methods. was confirmed lIs1ng analysis of 

variance techniql1es. 
Ture'S index llpre:HS biased toward growi:ng ~ason condit ions whil<: rCA. 

as applied here, perhllrlS overcmphasi1ed winter lempt.'raturc characteristics. H owcver. 

the results leave nO dOuht thallhe procedures used 111 this study can provide vcry useful 

climatically based inrormation rorccologiealland cI:mlfication. 

INTRODUC1 (ON 

Attempts 10 assess the inherent value ofland to provide infor matio n for la nd 
use p la nning purposes have led to the development of a n integrated met hod of 

appm isal. the ecological illnd survey. Scales of suc h s urveys ra nge fro m t he 

macro- or eeoprovi ncescalc covering h undreds of thousands of square kilo­

met res.th rough eeoregions. ecodist riCls, eooseclio ns and ecosites to the eooele­
me nl o r most dctailed level encom passi ng perha ps on ly a fe w square metres 

(Wi ken. 198()). 

I'ri""'/1/ AOi/ill/im,: Canadian Climale ("~mre. Atmospheric Enviroomem 
S~rvice. Env;ronm~ n' Canada. Down~vitw. Onlario 
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Climate is obviously a maj ur factor controlling biological activity 
bUI iI is seldom directly assessed ill thc t'cologicalland survey process. Instead. 
clinmte- i~ largely inferred from vt'getative and soil pallcrns. Most oflhe ecologi­
cal land classification (E I.C) work ha s been done at relati vely detailed scales. 
The- climatological stalions by Ihemselves art' particularly inadequate for 
n::p rcsc nting lhe climate at these scnlcs (Williams. McKell7.ie a nd Sheppard. 
1980). while I he patlern~ of I he other clements siudied in ecological la nd MJ rvCYS 
to 1I0 me ex lent reneel the meso- and microclirnalie pl!lterns. 

Even al thc macro~ealc .. the uvai lahlt: climatological statio l1 dA1I1 arc 
nN suffi ciently representative. Ouellct {1969l has documented the bias of Cllna­
dian climatological stalions towa rd Inw la titude and allitude and con~t:q uc r\l 

limi!3t ions in l'.Onalion ~ t ud ies. M~t hods h:lvc been developea to SPill in lty 
resol\le climatic data llsing com binat ions or climatic a nd ot her Seographic 
info rmati on ( Hopkins. 1965. 19(18: Solomon Ct al. [968). Thesc are applJc:~ ble at 
an eco rcgion scale (mllpscalc 1:1 millIon 10 1:3 million) bUlt hey have nOI been 
:'Ippl i~d by climatologists to ecological land elassi fia Hion I)roblems. 

tre to: 
A proj ect was thercfnn' init ialed with in the Canadian Climate Ccn· 

develop and Jemon~tral e ways to gem:mt c climatic datu or part icu­
lar relevance to ecological land cI(lssificalion. 

2 illustrate how thClte climatic dtJl ~1 ca n be tran~(onm:d or rCl1dcrcd 
"ui ta ble for incorporation JotO I he process or ecoJogicalland classi­
f"it:mion. and 

3 demonsl fale tht> user u l lle~s nf I he teehniq ues del/eloped byemploy­
ing t hem to assess the biodimalic distinNive ncss of eeart'gions tlmt 
had previously been delinealed without bellelit o f systematicaJly 
incorporitted cli matil' data. 

Because orthe variety of climates In Alherta and the availabil ity of 
ELC infonn31ioll and other relel/on t data. lhe deci~ion W<d~ lll<ldc 10 begin with 
il pilot study for that province. Methods developed in this work should bc 
applica ble for other paTtlt ofCa l13da. 

In a ~tudy Of lhi ~ ki nd . it is necessary both to apply criteria relati ng 
eCl1reglon to climate. a mJ to ex rres~ the relat io nships over a large geographica l 
area . Because sn little work h:ls been done on the applicat io n of climatology to 
ccol ogical land classification. we wan ted to lise twO different sets of proeed ures 
for relat ing eco region to climate. t(1 prcwide a oasis for comparison. One proce­
durc w:rs pri ncipal component a nalysis (PCA). Which was employed to derive a 
genera lized. relat ive!y object ivc climatic classification based upon climat ic dat a 
al(\ne. wit hout direct reference to such cKlernal f:tctorsa~ vl.'get:lt ion or soils. 
The Olher proced ure inl/olved t he 1I~t: of 'li lrc's climatic indc.'l Qf agr icul!ural 
potential (CA) (Turc and Lcce.rf. 11)72) . Th is is a more tradi tional approach thnn 
PC 1\ in tha1 it allcmplS to combi ne a Il umoer of elcments considered to he 
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important into a s ingle index, using subject ively derived formulae. lure's index 
(CA) is of particular interest 10 the prescnt study beca use the eval uation of land 
for agricull ure is an importa nt appl ie.n io n of ecological land classification. 
Als(). CA is probably almost as applicable for fores try and the growth of natu­
ra 1 vegetat ion in general as for 1igriCUit ure. bee,luse the factors used in it incor­
porate heat, mois ture availa bil ity and lighl.l hc ma in contrOls of most life 
processes. 

For lhis pilot projel1 it wac; desi rable to demonst rate methods for 
geographically ex pressing Ihe data that wcre relatively objcctive and would lend 
themselvl:s to subsequent applications in volving much higher spatial resolution 
and la rger quantit ies of data. For this purpose a spat ial cl imatic estimation 
approach involvi ng t he use of eq uations (W il liams. McKenzie and Sheppard. 
19801 was considered 10 be the most appropriate and was therefore used for 
those variables for which equat ions were available. 

A lalitudl"-Iongit udc grid having a une-degree spacing produces 110 
points for estimation in Alberta (Figure I). 'J·he spatial climat ic estima tes were 
made fo r eac h ofthese points. The derived climatic va lues for the 110 poi nts 
were employed both in PCA and in computing CA. and the resu lts were thcn 
analysed in relation to ELC data fo r Alberta. 

DERIVINQ THF CLlMi\l IC DATA 

Hopkins ( J968) provided equations for the es timation of mont hly tem perat ure 
normals for the J9] 1-1960 pe riod from lat itude. longitude and altitude on the 
Canad ian Great Pla ins. These equations included cubic and quartic terms. but it 
was fo und that the sim pler eq uat ions which he had provided in an ea rlier 
memorandum ( 1965) produced considera bly more realist ic results so these ear­
lier equations were used in the present work. They arc of the form: 

where the x values arc latitude, longitude and altitude terms and the a's are 
regression coeffici ents. T here is one scI of t he coefficien ts for each of: normal 
mean daily maximum, minimum and mean temperature for eaeh month of the 
year. Hopkins had a lso provided equations for estimati ng the standard devia­
tion of month ly mean temperatu res. 

A sq uare grid regression analysis system for estimating cli mat ic 
normals (Solomon et al. J968) was used by the Shawi nigan Engi neeri ng Com­
pany in 1970 to generate estimates of monthly preci pitation no rma ls for JO-km 
grid squares covering the Prairie Provinces. Their system took into account fac­
tors such as altitude. dista nce from mountain barriers. etc. for the squares in 
which the stations were located, and t hen applietlthe equal ions to generate 
normals for all the grid squarc.~. For eac h or our 110 points we used theesli-
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mnted precipitatIon norma ls for the IO-km grid square conlaininglhe point. 
except thM data for the grid ~qlla re~ with sout hern edgeS SOLll h of the 49th 
parallel were unavailable. so the next sqU;l rcs [0 the north were used in those 
caSl:s. 

The accuracy of the spatill.l climatic modclli wilh which the tempera­
ture and precipitation normals were generated has been discussed by their origt.. 
nators( !-I op/dlls. 1905. 1968: Solomon et ai, 196/i), The present authors from 
thcir own work in applyi ng lhe:;c models blJlieW that in about 9 cases out of ro, 
the estimated monthly te mper.lt urc normals would be withi n 2°C ofac1 ual 
normals. The eSlimated precipitation norma ls also seemed 10 give n:alislic 
results in severa l applications. These and theolherdimat ic vQriablL-s used in the 
analysi~ are listed in Table l. It ~hould he kept in mind that bl'lth the I~ opki ns 

equations and the Shawinigan data will not be too satisfactory in the Cordille­
ra il rcgion of the province as these procedu res werc bast'"d on analyses of Cnna­
dian Gre'lI PI"ins data. 

The procedures involwd in the principal component :lIlal~is as used here arc 
outlined in Figure 2. Quantitative explanatIons of principal component analYSIS 
arc provided in detail in many texts ( Ho telli ng, [935: Catcll. [952: Rummel. 
1%8; King. 1969: Mather llnd lJoornkamp. 1970: Van de Gccr. (97 1). We nott 
on ly that principal componenl ll n:J.lysis studiC$the rJata struetu re from the 
viewpoi nt of differences. a nd oug ht to be considered a first stage in factor analy­
sis (PC A bc1ng one funn offactor analysis). PCA is olien ~I~cd when no mod~'1 
assumptiuns have been made. Factor analysis can laler be. added 10 test as~u1l11'1-
lions. Hence the choit:i! of PCA over factor analysis seems appropriate in thi~ 
application. 

T he use of princilla l component analysis or fBctm a nalysis in clima­
tology is nOt new. Stciner(1965J , Benson :I n(l .J()Il1l.~on (1970), Nicholson ani.! 
Rryant (1972). MeBoy le (197 r. 1972). and Kojima (1973) hl1VC all dcrivcd cli­
matic classirications using one Clr other of these !echniques. M il l ~r and Auclair 
( 1974) were concerned more directly wit h 3 clim:nic classification of Canadian 
forest regions while Powell lInrJ Mad ve.r t 1977) narrowed their area of interest 
lO the forested region~ of the Prairie Provinces. Paterson. Goodchild :lIld Bllyd 
(197M) dealt with sek cting environments in Australia for ~ampling pu rposes. 
while Ga t..lgil and J oshi ( 19801 applied a principal component analysis to the 
ma pping of t he cl imate of' India using precipitation data alone. 

One criticism of ma ny ca rticr cli matic classifications i1l" that they 
wefC based upon predetermined . often su hjcctively chosen critcria which per­
tained to vegeta tion Or some ot her indi re!."1 inl/kalor of climale. Identical results 
were often unobtainable when such lechniques were employed indepcnden!ly by 
different scie nt ists. Principal component analysis tends to be much more objet'­
live in nature nnd , whil~ il is recognized that no stat istical teCh nique can be said 
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to Ill! completely objective (Johnston, 1968), the selection of vana bks used and 
tht defi nition of' significant' tend 10 be the only areas where the user can incor­
porate subjectively based decisions. 

Fou rteen clementS were cho~t:n 10 renect relevant aspects of 
Alberta's climate. Where possible. monthly mean va lues were provided because 
orthe inicntion to examine generaii7ed climate relationships. This resuhed in 
the input 0[98 variables for each of the I ro grid point s inlo the principal com­
pOllent analysis (sec Table I). The application of PCA to regu larly spaced CO II­

trot points h:iS not been done in previous studies as far as is known to the 
authors. but it was proposed by Steiner (1965) who recognized the problems 
associated with an irregular placement of control points. such as would occur if 
only meteorOlogical ~Iation.~ were used . 

The dimensions of lhe correlat ion matrix derived here, 98 by 98. 
prevent its inc1u9ion with this text. 

Without any imposed cutoff criteria, ptrforming principal compo­
nent analysis on the correlation mtltrix results in 98 components being derived. 
in order of decreasing variance ex pla nation. The first seven components have 
eigenvalues equal to or greater than 1.00. These seven componcllIs provide 
96.6% of the variance ex planation. A Varima:'l rotation (Kaiser. 1958) was car­
ried out, lQ .simplify the component matrix and facilitate the identificatiOn and 
explanation of com ponents. Following rotation. the first lWO eomponentJ; pro­
vide uver 77% or the variance ex planalion (Table 2). The greater magnitude for 
eigenvalue 5 thun for eigenvalues 3 and 4 is a function of the process of rotation. 

The component matrix (Table J) identi fi es which of lhe original 98 
variables arc most important 10 the individt1al components. The rotated com­
ponent m<llrix (only the first seven eomponenls were rotated) is presented in 
Table 3. Convcntion among users of PCA and factor analysis (e.g. M(.' Boylc. 
1971. 1972) has loadings eq ual to or greater than plwi or minus 0.7 being identi~ 
lied as 'significant" and tbis convention is fo llowed here. Those varillhles with 
lo..1dings beyond Ihe plus or minus 0.70 limits are marked (-) in Table 3 ror each 
of the eompo nenls. Note Ihat in Co mponent 7 there afe no 'significant' luad~ 
ing.~, so effcctively we have ignored Ihe 71h component from this point 011. 
Loadings for Components I and 2 are graphed in Figure J. Note that in Figure 
3. mean daily maximum and minimum temperature loadings are omitted 
hccause Iheir patterns are quite similar to Ihose displ:lyed by daily mean 
temperature loadings. 

T he firM component ('fables 2 and 3 and Figure 3) containS high 
loadings for many of the elements whieh arc prominent during mild winter con­
ditions such <IS those which Ol'cur with the frequent invasion of chinook winds 
In the southern regiolls of the provi ncc. High valuCl; are associated with a\1 of 
the measures oftempcrature from Cktoher Ihrough March or April. Relatively 
few degree-days below OOC also suggest mild winters. In sou thern Alberta in the 
su mmer. the dnys a.re shorter than they are in t he north. I n winter. soui hern 
Alberla"s days arc longer tha n they arc in the north .. Thus. the negative loading.~ 
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for photoperiod from April through Septcmber and positive load ings from 
October through March a're indicativc of a sout herly loca tion. High load ings 
arc also given 10 global radiation values throughout the yea r, to tolal precipita­
tion in May and June. and to potential evapotranspimt ion in April and Sep­
tember. The cond it ions associated with Component I tend to result when a 
ridge of high pressure becomes stal led over Ihe Britis h Columbia-Alberta 
border in wint er. Frigid Arct ic air from the no nh is blocked and Albena enjoys 
a relatively mild winter. The eventual movement of the storm tracks in the 
spring res ul ts in a period of above average preci pitation in May and J unc. T hus. 
if onc was to la bel the first co mponent. 'mild willtcr1 might seem appropriate. 

The second Component could be characterized as 'lengt hy. relatively 
warm summers'. Component loadi ngs are high for al l measures oftemperat urt 
from April or May through Septe mber. and for degree-days above S"c. I.oad­
ings fo r the standard devia ti ons of daily mean temperaturcs in February and 
March a lso tend to be high.. reOeeli ng Ihe contribution 10 this component of 
early a rrivals of warm spring weather, which a re most likely where the tempera­
tu res for these months arc most va riable. T he negative association with the 
stand ard deviation of the da ily mean tem perature in October suggests t hat Ihe 
transition from summer to wi nter is relat ively late. Also associated with the high 
summer temperatures arc high PE values fo r May through AugUSt. The early 
arrival of warm weather in the spring is sl lggested by the negative loadi ngs for 
the beginning of the fros t-free season and the last day with snow cover. Below 
normal winter precipitation is implied by the negative loading fo r mean total 
precipitation in Ja nuary. 

Such summer weather is frequently associated with a situat ion in 
which a polar continental high that has bee.n quasi-stationary over northern 
Ca nada moves south and conti nues to modify over the Prairies. where it typi­
cally gives hot dry sum mer days with occasional ai r mass thunderstorms and 
becomes diffuse. with weak preSsu re grad ients .. The resu lting pressure patterns 
minimize the invasion into Alberta of cool. showery wea ther from the north or 
mild rainy conditions fro m thesouthwesl. The warm, dry winds from sout hern 
Saskatchewan tend 10 predominate. 

Components 3 through 6 display high loadings fo r only one or two 
variables. In Co mpone nt J . the standard deviation of daily mean temperature in 
May is represe nted by a high posit ive load ing. Thi.~ would seem to be indicative 
of a wide range of temperature cond itions. as might occur dUring a transitional 
month from winter-spring to spring·summer. Component S describes a si milar 
pattern for September temperatures. suggesting the transit ion from warm to 
cool cond itions. Com ponent 4. labelled 'heavy winter snowfall. is composed of 
high component loadings for both December precipitation and annual snowfall. 
Component 6 conta ins a high positive load ing fo r J uly precipitation. 

Various thermal aspects of climate are emphasized in fo ur of the six 
co mponents. and moisture is of primary consideration in the other two. This 
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emphasis on tempt:raturc probably reflects realistic cli mat ic characteristics in 
Alberta, but may a lso be indicative of the faclt hat36 temperature variables 
were directly incorporated into the ami lysis. in add ition to severa l variables 
derived from temperature. as compa red with only 13 precipitation variables. 
Nevertheless. the components which were identified seem to renect disti nct cli­
matic patterns. and the levels of explained variance provided would suggest 
considera ble signifi cance. especiaJly for the first two co mpont:nts. 

The final matrix of values provided by Ihe principal co mponent 
analysis presents thc com ponelll scores. These quantify the su ength of lhe rela­
tionship between each grid point and each of the six com ponents. High positive 
val ues indicate thaI a given component plays a most signifieam role in the cli­
mate ofa given 10c:l\ ion. High negative component scores suggest that thc rela­
tive absence of climatic condit ions represented by a component is a lso signifi­
cant. Component scores ncar 0 identify a weaker presence or absence of the 
component's characteristics at a given location. 

Com ponent scores allow the mapping and spatial interpretat ion of 
individual com ponents. InterpOlat ion a mong the 110 grid points IS not easy. 
especially in arcas of high and variable elevation. AU va lueS" fo r those points 
clos~t to the Rocky Mountains should therefore he viewed with ex treme cau­
tion. T hc prese ntat ion of Components I and 2 in Figures 4 a nd 5 must be 

viewed as preliminary and ind icative of only macroscale patterns. 
Figure 4 illust rates the spatia l variation of Com ponent I which we 

have labelled 'mild winter'. The presence of mild winters is most strongly felt in 
southern Al berta and Ihe absence is most significant in the northern j1art of the 
province. The spatial pattern not unexpectedly shows a strong latitudinal bias. 
Component scoreS in excess of 1.0 extend approximately from halfway between 
Edmonton and Ca lgary southward. In the north. component sco res equal to or 
less than I. JO ex tend from j u ~t south of Lake Claire to the Northwest Territo­
ries hounda ry. 

Componenl 2 (Figure 5). 'lengthy. relatively wa rm sum mers' shows 
considerably more variation wit h topography. Positive values in southern 
Alberta exceed +1.5 while scores lower than - 1.5 are identifIed only at high ele-­
valions in nort hern port ion of the British Colu mbia-Alberta boundary (some 
below - 4.0) shou ld be ignored in the present study. 

As J ohnston (1968) has stated. factor analysis (and therefore PCA) 
docs not classify - it merely rewrites the original data in a new form . The intent 
here was not to develop new theory concerning Ihe climate of Al berta (the 
dangers ofwh ieh ha vt: been exemplified by Armstrong, 1967), but merely 10 

o rganize the climatic d:u3 in such a way as to faci li tate their use fo r ecological 
land classificat ion. Researchers have. in the past. taken a number of approaches 
toward the groupill!! of component scores, including heirarchieal grouping and 
discrimi nant a na lysis (Powell and Maciver. 1977). cluster ana lysis (M iller and 
Audair. 1974). the overlayi ng of maps of Factor I and Factor 2 (Paterson. 
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Good child and Boyd, 1978). nearest centroid cluste_ring (Gad gil lind Joshi, 
1980). 11 nd the step-wist:. processing of a disttlnce matrix (McBllYle. 1972). 

Beca use of our purpose in relating climat ic information to ecolog.­
cal1nnd classification . the proetdu res: used by ot her authors in grou ping com­
ponent scores we~ nO! ado pted here. Score!> for Components I a nd 2 f() r each 
o rthe 110 poi nts were ploued on a two-dimensional l:\ roph (Figure 6), As the 
mcth ntls used here are most appropriete for macrosca k a pplications. daHl relat­
ing to ecorcgions were se leCted ror com pM:ltive analysis. Ont: source of such 
dal a for Alberta 1 ~ the work ofSlrongalld Legg.tt ( 198 1). Their map was 
reviewed Ilnd Iht' idelllifier of the l"coregiol1 or su bregion in which each of our 
sa mple points fell was abstracted (Figure 7). When their econ:gions lind sub­
regions were ou tl ined on the graph (Figure 6), the patterns were large!y discrl'te 
wit h very little overlap. -Iii b1e. 4 pre.~el1IS several compon~m SCOre stat isli($ ror 
each Qr thc ccoregions l.I nd subregions. An analysis of varia nce wns performed 
fo r each of I hc six componcnts to t~t the grou pings st;ltisticaU}, (litble 5). 

V;s u<l1 exami nation of Fig.ure 6suMesis thaI the fi rSI two co mpo­
ne nts oflhl: a nll lysis. derived entirely from cl imatic statistics. arc reflected in 
5 t rong anti Legga! 's ecorcgiun classifi cat ion . Grid pOInts wit h high positive 
component scores in both the 'mild wInter' a nd ·Iengthy. relatively warm 
summer' co mponents arc associated with Lhe several grass ccorcgion~, Grid 
points with high negative component .~cores relnte 10 norlheru a nd subarctic 
ecoregions. Points in thc Boreal Mixwood ecoregion have low negative 10 low 
posit ive scores fm bOlh. components. and points with in the A!>pcn P;i rkland 
have mnderate posit ive seorcs. re llel1 Ing t he nat ural grad at inn of ecort'giuns. 

The data for I !O points do not provide un adequate basis fo r 
detailed spat ial comp:u isons of the compo nents with Stro ng lind Lcggut'5 
ecoregion mapping as the lattcr was done at a much fi ner scale. Nevert heless, 
event these 110 grid points provide sufficien t del:1111 0 indicate how climate 
relates to their ceorcgions. 

For the ,hn'c grid points; 11 the Rocky Mounta ins (points 67, 1S7 and 
88), ext rapol1i tion of the spati~l cli mat ic modcls to a ltit udes 1.1 bove those 
involved ill their derivlltion w~s required. Thus, reliable results cunnot be 
c.\pcc{t:d for II1l'St' p(lints. Neverthekss the firs t ofthe:se poinls, which is located 
in the Alpine eeoregion. b quite dearly d istingui~hed by its very large negative 
Com ponent 2 score. Le. It is most marked by Ihea bsr nce of ' lengthy, ro!l ulivel~ 

warm summers'. r he seco nd poi nt. whic h Is bordcrline between Alpine llnd 
Subalpine and the thi rd_ which appea rs in theSubalpille eeoregion. have simi­
larly la rge negative Component 2 scores. Perha ps both of lhcsc laller puints 
could be .;onsiderctl borderli ne Alpine. 

The ecort:giotl gfl)uping~ for each componenl (Tilblc 5) proved to bc 
~igni nl'ant at the ["I;' level n( sign incnnce. This suggests thatlhe nrs! six. compo­
nen ts can be u!Ocfully applied to the dimOilic eharactcri7alioll of ccorc!,: ioT1s. 
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rlltO C"1 IM .... IR· INDEX O~- AGRIC-Ut TlJH.i\L rOl'F~TI i\l 

In determining the cl imatic index ofagrieultura l potential (CA). a moisture 
factor is computed for each month lIsing the estimated normal PE a nd precipi­
Wtl on with water budgeti ng procedures (Turc and Leccrf. 1972). For these 
procedures, it was necessary to assume some soil moisture holding ca pacity. In 
ecological land classification. as in agricl.l lt uralland eva luation, II reasonable 
approach would be to perform the calculations using val ues 10 represent various 
soil textures. In agricultu re in Canada. computations are one n made for capaci­
ties of 100. 150,200 and 280 mm. and similar capacities have been suggested for 
France by Tu rc and Lecerf ( 1972). They a lso state that lower capacities shQuld 
be employed in calculations inVOlving monthly normals. as opposed to monthly 
data for individual years. For use with normals they recommend 70. 120. and 
170 mm instead of 100. 150 and 200 mm respectiVely. Following the example of 
the initial mapping for France. the ca lculations for Alberta in the present st udy 
were made using 70 mm as thc soil moist ure ca pacity. which is equivalent to 100 
mm in ca lculat ions that Bre not based 011 normals. [n further work for ecologi­
calland classificat ion. the co mputat ions could be do ne for severa l capacities. 
The capacities to he considered depend 011 the soils. vegetation. clim<l te and the 
length of the period of ana lysis. i.e. whether the calculations are for weeks. 
months or some ot her duration (Ture ;tnd Lecerf. 1972). 

" heliothermic factor is also computed for each mo nth , This is 
bas\!d on a sola r factor derivcd from pholOpcriod or global rad iat ion, whichever 
gives the smallest result . and a heat factor. The latter is calcu lated from mean 
temperatu re. but with modification by minimum temperatures for values close 
to freezi ng, and it is made equal to zero for sub-freezi ng minimum 
temperatures. 

For each month the heliothermic is mult iplied by Ihe moisture fac­
to r .. The 12 month ly indices so obtained are summed to derive the annual value 
of Ct\. . the climatic index of agricu ltuml pot{'ntial. A co mputer program was 
prepa red and applied to co mpute thc index and related valucs for each of the 
110 points. Ira n{'gativ!;' or7.ero va lue is indicated for eit her. the moisture facto r 
or mi nimum tempeT'.J.ture for any month. the index value for that month is zero. 

CA, as calculated here for Albcrta, is generally highest a rou nd 53 to 
56 degrees N latit ude. pa riicularly in the upper Peace River ({'gion (west of 
Lesser Slave Lake), with lower values to Ihe nort h due to cold a n.d in rhe so Llth~ 

east due to dryness (Figure R). Zero valuc.~ arc encountered in the mountai ns. 
The si ngle extreme highest va lue was at point 106. on the 49th parallel of lati­
tude. It should be kepi in mind that the values reflect the balancing cffcets of 
moisture. tcmperatUre and light. For a particula r level of moisrure and tempera­
ture. the index would increase nort hward due 10 the longer photoperiod. For a 
given combinat ion of moisture, latit ude. and alti tude. it would increase west­
ward, as temperature lends to increase westward on the Canad ian Grl':H Plains 
(Hopk ins. 1 96~). 
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Data on the CA index have a number of applicat ions. For exam­
ples. on land of similar soi l suitability o ne would ex pect crop yield or bi nmass 
production at 53 N. 114 W. where CA= 9. 16. to be aboUl lwicc that of 50 N. 
III W. where CA is 4.58. Crop yiclds and biomass production arc aspects of 
ecosystem prod uctivity. and thus of direct concern 10 ELC. Of course soil d if­
fc rences also cont ribute to crop yield differences, Act ual yields a re highest in the 
Olds-Three Hills area of Albena, not in the Peace River area ( K . I.eggat, private 
commu nication. 198 1). Points 90 and 91, which a re j ust north ofOlds and Three 
Hills. have CA va lues of 8.73 and 7.76. but Ihe fact that thcsoil~ there arc Cher­
nOlcmiz., whereas in the Peace River area they arc mainly the less product ive 
So lonetzic and Luvisolic Great Groups. may help explai n why the actual crop 
yields in the Peace River area are not as high as those ort he Olds- rh ree Hil ls 
area. 

Another application o rCA wOuld be in esti mating the regional sen­
sitivity o f a ~ector such <IS agrieultuft! to climatic cha nge. For inslance. onc 
could subt ract r"c from certa in mont hly tcmperatur~ ill the datil fort he 
region, re-compute CA. compute allerages ofCA weighted by farm acreage. 
and express regional impact as a percentage change in potential productivity by 
d ividing the new weighted average CA by the o ld onc. 

Th ere must be marc-to ecological land classification than tOlal pro­
duclion o r eve n biomass productivity. howe ... er. Points 50 N. 11 2 W. and 59 N. 
11 7 W, have almost identical CA va lues. 4,56 and 4.55. but it would seem quitc 
Unreasonable to suggCliI that t hey shou ld be considered a~ in 1 he same eeoregion. 
One is low mainly because of cool temperature, the other heeause of dryness. 
and tht! resu lt ing vcgwllion and land usc potential wou ld be quite different . 

T he resu lts of the l 'ilrc index computations were then studied in 
relution to I he ecoregions. Values of CA generally in('tease through regi(ms I. 2. 
3. 4G to 4A (Figure 9. Table 6), arc highest for 8D. 8M and 9. and decrease 
t hr~Hlgh II and 12, again renecting rclatively low va l.JJl'S at one end due tn dry­
ness and at the olher due to cold. The other four regions ex hibit inconsistencies 
and it may be wonh noting that nOt only are the sa mple sizeS quite small in 
three of them. but al~o the s patial climatic models used in generati ng the cl i­
matic data work best at lower al titudes and co uld not be expe{'1ecl to give very 
sat isractory resu lts, fo r example, for alpine and s ubalpine regions (7 and 6). 

Since the hel iothermic and moisture facto rs had been computed for 
each p'li nt . it was decidr:d to see if it would he mort' helpful fo r distinguishing 
ecoregiolls to consider t hese scpa ratdy. To summu ri1.c the mont hly datil It) 
obtai n a nnual values for these factors. it seemed rellso na blesimply to sum the 
12 mont hly va lues in each cast', just as Ture had done witn the C/\ index. T he 
monthly heliot hermiC data were su mmed to obtain an an nual ... alue (HT). and 
an annual value (Fs) was computed by sum ming the monthly moiSture: values. 

The me of Fs find HTsepa rately showed considerably more encour­
aging results with respect to delineating regions. The Fs ra nge of2.1 4 to 2.7.1 
uniquely diS"tillguished t he short grass region. I. from all other regions. as none 
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of the others had Fs below 2.8 (Tabk 6). T here wcr~ nu overla ps in Fs va lues 
among the grnss regions 1.2 and J. bu t there were amung these with CA. Si mi­
larly HT elearly dist ingl! ished between subregion 80 . boreal dry mixedwood 
( HT 19.69 to 26.45) and the horeal suba rctic ccoregion (4.64 10 16.5 1) whereas 
there is some overlap between the C 1\ valucs for these. 

Examination of the resuhs leaves very li ttle doubt that there is a 
relations hip between Ihe nlapped ccon::gions on the one hand. and the com­
puted va lue~ on the other. for nil three variables. CA. Fs and HT. Varia nce 
analysis (Ta ble 6) suggests that the d i fTerence~ from region 10 region were ~ign i fi~ 

cant l P=-.O I). We would remark here t ha t some of t he assumplions u~ua l in 
analysis ofvn riance may nOI hold in this case. parl icularly t hat of homogeneity 
of va ria nce among the sa mples. but we feel that this would weaken Iht: argu~ 
men! only Slightly. In fUrl her analysis of variance work with these data. appro-­
priall' tests of the ass umpt ions need to be made. such a~ Bartlett's test for 
homogeneity of varia nee. and it might be desira hle to keep the Cordillera n and 
uplands regions sepa rate (fl. 7 and 10) from the other regions in the an alysis. 
The prescnt resuh s suggest that the most marked di ffe rences between rcgion~ 
:\re for Fs and HT. and these a re the: most releva nl fo r deli nea ting the regions. 

To exa mine the rela tionship among Fs. HT and t:'coregions more 
closely. HT WIlS plolted agai nst Fs on a grap h and polygons were drawn, some­
what subjectively. join ing the oUler poi nts in the: grou p fo r each ccoregion, and 
t he deta ils of lhe overlap cond itions were noted ( Figu re 10). Ecoregions 3 and 7 
a re represented by straight lillCS rat her than polygons as there werc only two 
points in each of I hese cases. 

As expected. the pOints forecoregion I. LIt the wllrm. dry end ort he 
plot, showed no overlap Witll any other. Region 6. at Ihe \Yel. cool end . was also 
relatively free of overlap. For every other region , here was at least some degree 
of owrJap or ambiguity. Withi n most polygons. however. there were severa l 
points not invo lved in any overlap. 

Wit h the aid ofl he Fs- HT plot (Figurt\ (0). each data point was 
assessed as to whet her o r nO! it rell in an overlap a re:!.. and ifso with what other 
ccoregions (Figure 7). In so me cases a single point. though not in an overlap 
a rea. was an outlier beyond an overlapping area. For exam ple. point 50 N 114 
W is in ceoregion 4G bu t on the plot it is an outlier beyond pa rt of the 9 
polygon The occurrence of such outliers mllY be a fum·tion o l' the small number 
ofsa OlpJe points u~ed here. or it may suggest the need fo r some revision of 
ecoregion boundaries. 

The graph ing of Fs against HT. <t nd OJmpone,nt I against Compo­
nent 2. resulted in the inadvertent illustration of one of the prOble ms associated 
with spal ial re.~oJ ution and representativeness. Grid poi nt 78 lies in a va lley 
which is su rrounded hy much higher mounta inous terrai n. The region sur­
rounding the point is eCOlogically classified as 'al pine'. Because the point wa.~ 
assigned both a lOwer elevat ion and an 'a lpine' designation. the graphing Qf 
Compone nts J and 2 ( Figure 6) resulted in this point appearing as an a lpint' 
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location in the midst of borcal root hills. In the graphing of Fs (igainsl HT 
(Figu re 10) point 78 was- plotted as being drier than the dry mixed wood and 
almost as warm, and very different from Ih~ only other alpine (Region 7) point. 
In further discussion here. this anomalous point will be ignored , but in fu ture 
work allention must hI! given 10 this type of problem. 

Given Fs and HT values of any point, that location could tentatively 
be identified as belonging 10 one or more ecoregions. If the data plaec the point 
in a non-overlap arca wit hin a polygon (Figure 7). this tenlative idl'"ntifieat ion is 
unambiguous. Points occurring in overlapping areas may suggest possible bio­
climatically intermcdiate transition wnes. Points falling outside the boundaries 
oraoy polygon may do so for any orthe number of reasons. including inade­
quate sa mple ~ize and local ano mal ics. 

In a few Ca.~es thc overlap was only between ~ubn:,gio ns 8M. 8D and 
SW. Disregarding such subrl'"gion oYCriaps. a diagram was drawn showing the 
areas wi ll1 points which could be d assilied un iq uel y as to ecoregion. and the 
areas wh ich would be ambiguously classified (Figure I I). 

I n mathematical terms. an overlap area reflects an intersection of 
sets. in this elise an intcr.;cct ion between the set of combinations of Fs and HT 
for one ceo region and thilt fo r an other. In ecological terms, one Interpretat i·Qn 
or thc a reas on the mup which have Fs and HT conditions that could indicate 
two or more ccoregions is Ihat these areas a rc transition zones between different 
ecol"cgion~. POSSIble interpretat ions of the overlap sit uat ion reflected in Figu re 
10 indude: 

1 The climatic specification (Fs and HT annual sums) may be inade­
quate. 1\ more-deta iled breakdown may Ix needed. e.g. month by 
month data, or other variables, or an indicalion of year-t<>-:year 
variation. 

2 There may have been some data inadequacies in the drawing of the 
eeoregion map. 

J Therc may be problems rd ati ng to scale and spalial resolution. For 
exam ple conditions at one of our data points may be atypical oflhc 
ecoregion in which thai point appears, but th is may be so local in 
nat ure that i! would not have been appropriate to show it on 3n 
ccoregion ll1ap. 

4 There may be a rcal intermediate wnc in an ambiguous a re;l , For 
instance. one could hypothesi1.e.such a "lOnc between d ry mixed­
wood and boreal northlands composed of varying proportions of 
areas typieill orl hese two ceo regions, with the dry mixedwood 
occurring most onen on soul h-facing slopes and boreal nort hland~ 

on north-facing slopes. 
All or the above interprctations may be valid 10 di FFeren! degrees in 

various parts oflhe provi nce. 
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!J1!'lCUS,\IO'lol /', 1'10 ('ONCLI!!>IONS 

Rcsuhs oflhis slUdy indicate thai: 
I. lipatial climatic mod els and the application of a grid can he used to 

general !.' ctimatic dala of p:lrticlIl;lr rclevanc!.' to ecological land 
classifical ion. particularly <II the eeoregion scale. 

2. princi]la l co mponent analysis a nd Turc's climatic index o f agricu llu· 
rnl potelltial are twO vcry diffcrent tech niq ues, each with it s own 
strengl h:: a nd characlcristics for transformi ng cl imiLtic data inlo two 
Or 11m.'(' readily mapped bioclimntic indices sui ta ble for inclusion in 
th!.' process of ecological land dassilication. and 

J. these meth ods may a lso be used \0 test. using analysis oi'vadance 
techniques. Ihe bioclim:Llicdislinclivcncss of ecoregions that have 
bl:Cn drawn primarily on the bllsis of vegetation and sofls 
informa tion, 
S uch infnrmation has ocen provided here for most of Alherta . but 

Ihe results lire probnbly nOI.~atisrae1 0ry in the Cordilleran region of the prov­
ince. a.~ out spa1 ial cl i111IlI ie models arc nOI adeq u~ lc for thaI area. 

Ikcuu.')C potemial eVBpotranspirn lion was derivcd for the Turc intJex 
cllkula l ion~ using an eq uatio n of Haier and Robertson ( 1965). the aClual '!ilrc 
ind!.'x vol ue!> fo r Aloerta will not be di rectly comparable wilh Ihose published 
for areas such tiS France which u~ed Turc'!, potential evapotranspiration rormula 
(Tu n: find Lccerf: 1972). The values are internally consistent with in the prescnt 
study. however. e nd it is valid to lise them for comparing the climatic resources 
l)r difrerent partS of Alberta. 

Principa l t'om poncnt a nalysis gives grea1est weight to those varl· 
abies thaI arc moS! interrelated wit h Olher varia hies in the set considered. t\ 
vario blc that is poorly rdllted to other climatic variables will be given litt le 
weighl , eve n though it m<ly be qu ite importa nt in the delineation and specifica­
lion of ecoregio ns. 

I n fu ture wO I'k. severa l of the varia hies Iised here could bc omitted 
at the ou t ~eI. Also. d uring the r CA Ihe cnrrelalio n mat rix CQuid he check ed and 
cases of autocorrelation removed before proceeding. 

Thl' proecdLl rf"$ for gc.nerating thc clinJaI ie da ta in Ihe CanadirUl 
Great I) ta;ns make it possi ble to use much greater spatiall"\.'Sol utioll Ihall W:IS 
used here. as un aid in ohjective mup drawing. It would nOI hc appropriale 10 do 
this in I he Cordilleran region, however. becIlllse thc$rmtial climatic models <lrc 
not adequate there. In future work perhaps COmponent loadings derived fro.lm 
r CA for the 110 poi nts co uld bl' a pplied to c1imalic data for a much larger 
number of poinlS to ohtain component scores fo r mapping pu rposes. 

In peA. the fact Ihat Com ponen t I (Figure 4) has relatively simpl!.' 
geographiclli {1a1lerns conforming larg.e ly 10 lntit Llde. while Compo ncl11 2 
( Figurl' 5) shows patlerns that lend to fo llow the contours ofl he land . is no 
doub1 rclllled to the fact that Componell t I is mainly winter temperatlJre while 2 
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is mainly a su mmer temperature faelo r. On the Canadian Great Plains alt itude 
tends to have the more imponanl effect on temperatures in summer, while lati­
tude genera lly has thl' grealcr crrect in winter ( Hopkins. 1968). 

Our usC' of climatic data generated for grid points by spalial dimatic 
models. rlllher than actual climatological slat ion dal:l. docs not seem to hllve 
caused any part icular problems in the principal com ponent analysis. 

From comparison of Figures 6 and 10 it appears that the peA gives 
resu lts that bClter d istinguis h among Alberta ecoclimates than do the Ture index: 
data. T he advantage of r eA might have bcen even greater had all the compo­
nems. notju~ t lhe tirsl twO. been incorporated into Figure 6. The PCA process 
identified temperaturc. primarily winter tcmperat ure and secondly summer 
temperature, a~ being of much greater sign ifica nce tha n precipitation. The Turc 
inLlex computat ions, on lht" mher hand, give much more balanced attention tel 

moisture and temperature. Further. because the monlhlyTurc index valuc~ are 
all sct to lero where lempertlturc,s a rc helow certain threshold conditions. 
regardless of how ra r below the thresholds they are, they tcnd not to reflect win­
IeI' severity_ which would he important in ecological land classifica tion. Ulti­
mmely it will be desi rable to idelltify the mOSt relevant weighting orthe impor­
lam.:c of tcmpenll ure 'Hld preci pitation to ecological land ciassiticlltio ll ami Ihcll 

to modify the techniqllc~ presented here. 
Principal component analysi~ involves subjectivity when the general 

set of variables to he. considered and data to be used are being determined. but is 
qui te o bjective in specirying t he precise formulation of the calculatio ns. T here is 
much 10 be saki for using 'goodjudgemellf in developing the form of the model 
for one's application. However. the cli matic implicat ions of ecoregion analysis 
arc extremely complex. and wc have no particular'dependent variable' in mind. 
Use o f subjective judgement mlly result in the personal bias oflhe a nalysts caus­
ing important va ria hies to be overlooked. It is clear that both objective met hods 
}l llri r./ln.~iderl'l hie ~ l1l)jI;Clivc. jl lrigf'menl }lTe feiJ lI iretl . 

The IO-km grid sq uare estimated precipitation norma ls for the 
pf<lirics were provided to Agriculture Canada under contract by the Shawinigan 
Enginct'ring Co .. Montreal. Que. The alllhors also wish to gratefully acknOW l­
edge the helprul eomment.s hy members of several disciplines who reviewed pre· 
timi nary dra fts orlhe prt.'l'ent paper 
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Des Erreurs Systematiques dans les 
Donnees Canadiennes de Ja Duree 
d'Ensoleillement? 

!1mlrt! 111(('-" cl Murius 7Mriaul! 

SUMMA1IV, Fundamental errors in Canadian sunshine data? 

Dala on amnUnlS or dai ly sU llshine published by Ihe Canadian Mt'lcorological Service 

should be employed wilh grell! CJft> bccausl' oftwn fundamcnlal trrors in them which arc 

nOI immediately o bvious to the user. Firs t. an error known as 1 he "horiwn rfrec," occurs 

;u ~ I alions located 10 valleys or those surrounded by tall building.~ or trees. The <lcilia l 

u mou nt or sunshine may be blocked by objects s uch as thes.;- "on the horizon" , To corree! 

this amblgully. the Meteorological Service should. at lhe very leasl. publi~h local com* 
lional coerricicnt~ for all Canlldinn stations. The ~econd error is fquiplllt'nl induced. It 
results from thl: inability of the Casella-Londoll sunshine recorder 10 measure accurately 

the amount of sunshin(' during the equinol'les because the paper used by the Meteoro­

logiclli Service is too long. It would be interesting to el'a luate the ef(ccts or this er ror. 

especi~lIy upon the precision of solar rudiution models cal ihrated using Ihese data. 

Da ns Ie cad re d'une recherche portant sur la distribution regionale et saison­
niere dll rayonnement solaire au Quebec, ent re prise depuis cinq ans au La bora­

toire de clim111 010gie de I'U niversite l.aval (voir Lecarpcntier, 1973; rcriard, 
1982; et Boutin, 1980)1, nous avons filii une etude systematiq ue des dUf(~es d'en­
soleiUemeni. Pour realiser ec travail. nOlls avons ut ilise le~ donnees depouillees a 
pArtir des enregistrcmenls des hcliographes de type Campbell-Stokes. publiees 
depuis 19 16 par Ie Service meteorologique du Canada dans Ie periodique 
Reswni 1IIf'IlSlIf'/, DOlmeps lIIitiorologiqups flOur Ie Calloda, et consignees dans 
un fi ehier informa t;que co nstitue par Ie Scrvice de la meteorologic. Elk~ onl par 
la suite ctc TC:dui tes en "norma[cs" qui ron t robjct de publicalions o rficielles 
(S. M.C., 1968; Yorke el Kenda ll, (972) et In Direction de la meleorologic. du 
M inislcre canadien des transports 11 pUblic, en 1968, des cartes mensuelles el 
an nuelles du nombrc d'heures d'insolation au Canada durant la periode 193 1-
1960. Pour [lotre recherche, nous avons rcsolu de canst ruire des carles plus 
delaillecs pour Ie Quebec en utilisan t la mcme source d'information. 

Lc~ \'llleurs mensuelles moycn nes de la periode 194 1- 1970, publiees 
(' n 1972 pllr Yorke et Kendall. ont ete poi ntees surdes cartes du reseau que becois 
4ui com pte environ 80 stations actives sit uecs cn majorilc dans la va llee du 
S;tinl-Laurcnt. Toules les lental lves d' interpoiation sur ces cartes onl conduit iJ 

"fl'.,,/ll AIfi/fUlf",, · Lal"wlltoirc de ctimawtogic. Ul5 rArtcmcnt de geo· 
j!raphi~_ Unh~N11e LA~nl. Qud",c 
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de.~ impasses en raison dc difrerenccs 1 n~s marquec~ entre des statlOl1;; d istanlcs 
de quelques d i7.aineS de kilometres. Par exem plc. dans la rtgion metropolilainc 
de Quebec. lcs autellrs publien! !cs Vii leu rs annLli.'lles pour cinq st;] tiol1s sit ~Ices 
dans un quadrilaterc d'environ.sO kilometres de cote: Quebec A; 1738 heu res: 
Vallee J onet ion: 1607 heurcs: Duchcsnay: 1819 heures; Sa int-Augustin: 20]6 
heurcs; el Quebec (Lcs plaines): 17()8 heurcs. Notons qu'il s';]git de moyennes a 
long. lcrme 1.'1 que Ics ecarb relati fs notes depassenl les 20% du loud annuc1 de la 
lOne. Puur I'cnsernble du Quebec. I'ecarl el d'environ 600 heures entre Ie nord el 
Ie ~ud de la province selon Yorke el Ke nd:ll!' Dans ces conditions. it est evid"nt 
que l'errcur d'interpolation mathematiquc Mpasse largcment t'intcrva l!c rep­
resentc par b isolignes qui figurent SlIr la c:!rte. Des essais (lnt :alms etc entre­
pris pour relier \CS diffcrencCl> note-es it des variations de~ c(mditions gcogra­
phiques regionales. lis Curcnt tOus in Cructucux . 

LJ 111: elude exhaustive des e"arts s'imposu it. La premiere ctape de 
verification dL'S donnct's impl iq ue imt: comparaison des dureesjournll lieres 
max.imalts d'ensoleil1cmel1t observCcS sur lInc longue periode avec les dun~es 
3stronomiques d'ec\ai rement (d urecs dujour). Le procede graphique suivllnt a 
etc utilise (voir figures I et 2): on a d'abord Irace Ie!; dudes theoriques dujour 
pour des hllutcurs angulaires du soleil th:- 0 a.s degrcs au-dcssus de I'horizon. 
pour tenir comple de la sell~ibilite du systcme "houle de verre-type de papier": 
on a cnsuite n:pone sur et' graphique, pour chaq ue stilt iunS du Quebec, les 
durees maximalesjournalirrc~ de l'insoJation observee pendant 10 ans. ce qu i a 
permis de dtgager les t rois ~i l u :ttions suivantes: 

lies maximajournaliers observes CO'incident avec les courbes theo­
riques, entre! el4 degres: 

2 I'ajustemcnl est s.uisfaisant ITIllis on nQte des decrochcmcnts sni­
.~onniers au printemps ct ~ I'automne: 

J I~ maxima obscrve~ so nt inf('rieurs aux cn urbes thcoriques toute 
l'annee. 
L 'a nalyse des station~ qui appartk'nncnt aux trois categories nous a 

dOnne les resultats suivanls: 
I sculcs 14 statio11s, soit moins de 20% du reseau, prcsentent des 

courbes sans corrections appreciahles-. 51 ron admet une imprecision 
de quelqueS" dcgrcs pour un solei! bas Su r rhorizon: elles sont 
cquipecs d'heliographes de marque Lambrecht et onl un tour d' ho­
riz.on degage de tout obstacle; 

2 14 stations apl13niennent au groupe 2. c'cst-il-dire aVec un decroche­
mem signH"icmiC des courbes equinoxia!cs et elles som cquipees 
d'ht!liographcs de marque Casella-London. 
En ctudiant d'au trcs stations c;I!1:!.dienncs. nOllS avons rcncontre Ie 

meme problemI.'. notammcnt a Goose B:ty (Labrador) et it Toronto Meteoro­
logical Research (Ontario)_ station pou r laquellc nous avolls pToduit Ie me me 
Iype de graphique. mais en uti lisant toulc~ les donn&:s journalicrcs de 1972 a 
1976 (figure I). Apres tnainle~ hypotMs~. nous avons fina1ement identilic 1<1 



DUlih 
POSSIBLE 

D' EfillSOlElllEMEfillT + DUIIEE 
JOIJRfIIIAlthE D'EIlISOlElllfMEJH 
OBSERVlE SUR l 'HfUDGIIAPHE 

'':'': .. ... 
, ", . " 

... .... . ; .: ' .. .. , ... ~ .. . ~ ..: -.. .. : 
.... . 

' ....... 
." . 

..~. 
• 'C 4 "\ ,,/: .. , .. '... , .' .' , .' . ',. 

.' ~ - . ...... , .. 
',' ':,.::;., ~ : .... 

, ' .. ; . ' . " , 
'',.' ~ , .. . , . ':' .. • 

. . .., . ... ., ' .. 
' • . l . ..1' ." . . ' . . ...." . 

.. 
: " ... .. .' . ' 
, .... ~" 

r .n ... , I • • " . 

.. , . . , 
' .. 
'.' , " . ,. ' .. . ::.. . , .. 

'. . ...... .. .. .. ' : . , , 
' . ' 

. .. . 

. ' . . -: 

, "I.:· ." 
., ' .. : :. :~ '~.:::: .. :::' " "': ' . 

· -' ," . · , . · ~ ...... 

' . " . ' ':~-:.' .... : '~i ' ~'. :., . . , : .~. : . . . ' 
, .;;, . '.' .~ ' : , ,. 

" . -. '.' .' 

L ................ oj ••••• _ ... " .... , ";'''''~' • •• ,,,,,,., , ..... 111' 

nGU REI 'Ioronlo (Me(eoroll)~ical Research Slaliun) Durtt journalierr d';mulalion I11csuree 
sur I'heliul.lrallhe. 1972·1976 

.1 1 



·' 

'~l.thl nil"f 
JUUluiu D~ ,."n 

.. ' .' .. ' .. .. ' 'M ' .. , .,' .,' .,' .,' .... .. ... 
... nlt .. 0'",... DIRECTIOI "~I"UlAl( 

, ··" .... 1 !.AU """'" CU""'II" , Ibu"",,, IIIIH .... '" .. , ..... Tlu.04. , .... 

.... 'M' 

•• 
'M' 

••• 11 >o .... UI ...... 'u~ 
." ...... " . . .... ,.L1 " . UI.otl ....... n 

.l " ,,!I., -... ;~ .. 

. r"'=---i l ' I&f- - ' ''': . .. . '~'" ~l'- ~.;.,,: , 
~:,=.. 
L~='-'/ •• ::...~ ... __ R'._ --- - ---~ 

'10- ".' 

1I •• ,hl niL". 
JUUUthl .. 'APlU 

II.' 'M' 
UISI •• .... 

FIGURE 2 PC)Ji,iotls du sol~il au mument d~ Ja rremiere et de la dcrnie~ briilufl:" journalitre au palli .. r SU r I'hc'hographe ;;eule la limite delermlnk par ~ 
nauteur51c<; plus baSSI$ du malIn el au SOiT eSI significative Valltt Jonc!ion. 196IH977 (latitude 4gQ 2)') 



cause du mal: il s'agit d'une crreur instrumcntale de type primairc q ut! des regles 
elemcntaircs de cont r6k auraient pu de-tceter a lout Ie: moins pour III Sla tion 
prillci pale d'un reseau na tional. O n ~ait quC' ccs hcliogr:lphes son! munis dc trois 
tables d'enrcgis trcment q ui permt'lh: nl d'ajustcr la lect ure a I'angle d'indmaison 
til! la COurse du solcila u-Jessus d u plan local. La table d u cent re es t ulilisee a llx 
cqllillOXC:S (pri nlcmps Cl ilutomne); a celie saiso n, Ie solei! se leve pres de I'est C\ 

se COllche pres dc ['ouest; ou, l'l!mploi systematique d'un papier d'enregistremenl 
IrOp long masque II:: soleil tot lc matin ct tard Ie soir, ce q ui empilche J'ap psrcil 
d'cnrcgist rer I'insolal io n (voir figure J), La perlC d'enregistrcmcil l aucin! jusqu'~ 
deux hcurcs par jour aux equinoxes (22 mars el 22 sep lcm bre) et varie ~cJon la 
lal it ude, Ce problerne cst important sur enviro n vilLb'1 poureenl du rcsl'uu 4ue­
bl!coiJ', cc q ui cree une dcscente anormnle rt "locale" dc certaines moycnnes 
pri nt31lnicrcs cl autornna les d'cnsolci llcmcnl. Si [es s lii tions el il iel1l loutes 
in~tal1ec~ 'iuivan l!CS normcs internalionn1cs (homon degage), ce probleme 
af(c<..1cr;)i\ pres de la moilie dLl reSC3 11, 

] Lc rcstc du reseau, soit 54 sllJ tions, C$t aJfeCl!! de dcu:o.: types d'cr­
reu rs et Ics dccrochements systcmatiqucs dt' in \I'oisiemc catego ric 
so nl plus deli cats it tmiler car il s'ngil de repercr tous ics obstacles 
qui gc nenlia briilu rc d u papier. Nuus avons depouille les vak:url> 
horaircs d'ensole:i llemem sLlr Ie richier inf01'matiq uc pour delermi ner 
rheure d'appari!ion du solei I su r I'appareille malin C! l'ht:ure du 
dernier en registrement Ie soir; C{'~ ht"ures onl etc ensuile ~ urlmposces 
slirdes diagrammes des coordonnees i\zimuta1cs et d'cltvatlol1 des 
('ourses suisonniercs du soleil sur In sph~re locale (fi gures 2 et 3). 
Deu:o.: "masques" di[rcrents apparuissenl: Ie masque instrumental Ue. 
papier (ligure J) qui Jaissc une.' Iritee s}'mcl rique CI !a masque Jti uux 
obstacles permanents (t roisiemc categoric, figu rc '2) qui n'af(ecte 4U1~ 
ccrtain('~ d irections m~imutalcs CI doml'efrel va rie d'une- saison 0 
I':Hllre, 
C'cst d'aillturs avec stupHac:tion 4UC nous avons eonstatc q ue Ics 

donnees d'c:nsolelllcmen! publiees el ul!hsees it date au Canada nc sernblent p~s 
a voir Ctc corrigees de I'dfet du relief local doni les repercllssions sont t res varia­
bles lI'un si te:i I'autre e[ d'unc Sa i~Qn 3 I'autre (den lacc:menls sai~onniers des 
di rect ions d u lever CI du coUcher du SOlei!): une comnllra[son des diagra mmcs 
avec ues lours d'hori10n ~va J ues au theodolite en cullaborDtion :lvce Ie Service 
de la mCtcorologit du Q uebeca conlirme nos deductions bIen qu'jl faille sc 
meficr de Ja dcfolilitlOn des arbrcs l'll hiver. des rlCmcnagement5 des statIons ct 
de 1'llJo ut de nouvelles cOn~l ructions au to ur du ~itc de mesuTC. 

S ur celte ba,e, nOlls aV::lnC()Jls I ' hyput h~se que 1t:S lravaux reali~cs ;1 
cc jour !>ur les durces d'ensoleillemcll\ uu Canada son! Ii utiliscr avec prcc:lUt io n. 
On ~Ilisa Ics implic:lllons d'u ne tclle rcmarqllc quand on I'cali.~e que eel' donnees 
;ionl u t Hiset:~ pour identifier (\1$ potentic!s agrico[cs (photo-perioue), architect u­
raux (el1crgie solaire) et dans Ics modeles u'cvalualion du bilan encrgtdCJ ue q ui 
fo nt i ntervenir la formu lc d'Angstf()m. [I y a eertaincment une l<ous-eSI i malion 
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de la H!alile [lour les i rb; belles journccs, autour des ~qui noxes; po ur IC's joornecs 
Otl tlo mincnl des nuages cUnlu lirormes, il [lcut y <lvoi,. une co mpensation entrc 
Its crrcursl: d'une parI, l'h~liogra phe sorcsl lme Ics hcures de solcil ft cau~e d'une 
brOlurf' trop gnmtlc d u papier q ualld les condit ions du ciel variem ra pidemcnt 
el, d'autrc part, iI y a su restimation des helll'es Iheoriqucmf'1l1 possibles, 
Ccpendanl, com pter sur unc COmllenSalion d'erreu rs pour oblcnir parfots une 
mesurc COrn:~clc nc remplacera ja mais une etude strieusc des correCt ions, 

En co nclusiC!n, nous adrl.'ssons Ics demandt's suivnnl t's n Environ-
ncment Canada: 

de rournir les coefficients loca ux de correction propres a retablir les 
moycnncs mCllsuclles et jQurnalicres ('Orrectes, en [lubliant non 
sculcmcnt Ics lOurs d'hori70H mais cgalemem des fu (.1eurs mcnsuels 
de correct ion, caJculcs it partir des donnees journnliercs pour les tres 
belles journccs: 
de ne pas oublier. en faisant ce travail, tie s'assurer que ces correc­
tions ~ont stables ~u r de longues periodcs (dCmenagemcnt de Slll­
tion-5. m odi fi cmions du site .~ ) ; 
de prevenir l'usagcr, da ns les notices des publicat ions tie donnces de 
rayonncmcnt solai re, de I'ahsc nce Otl non de corrccti on~, nutam­
mcn t dans les cas suiva nts: correctio n tie masque de relid et de 
m:lsque d'anneau equa torial (rayonnement difrus). 

P~nd<ln\ l(lure celie per lOde. Ie LaborattJirc de climllWI(lgic de l'Univt'~it~ 

Lay:!1 u collubori ayec Ie SerYlce' dc meleorologic de Quebec qll! pOUl~ui­
Yail cerlSInClO rl-.:hcrl~hcs Itnalogucs, Au C('lur~ dll prJn t enlr~ 1980, IIOUS leur 
!lYons sign.M l'unsencc gClllinle des MIOIHl u'homon".lacunc ~Iui n.l l com­
bk'c rapidcmcnl par leurs sums pcnuOtnll'Cle, 1\11 mcmc momenl. llOUS 
Ill'nl1~ ll'OUVe et resoru !'cr!'Cul' sys\L:mlllique commise nux equJno.u's sur til 
moilit. tk:; sttl lion ~ tlu reseau iI CtI11Se d'un mauYai~ cmploi dll pllpter: nous 
en avons de Suite Informc Ie Servlcc de rl1 ~tc(1folol!-i~ qui fl'tlllai , jamnls 
!cpere l'('ttc errcur lluparavant, R. Leduc: ct C, ClIlve\ onl public CCI I~ qul:lo­
rion donS III reYue AlmI)Jphht!·Ol'lhl'/ en 19~1 en n,meuam deCllertc Lebo­
!'i.llOirc de clill1~toloi!ir en reference. I:t~une comhlec en 1982 (voir 
bibl;Clgntphie), 

'2 Celtr rl'm~rque nous a ~Ir suggcrtlc par un des corrcctcurs de I'llrl+clc, 
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News and Comments 

RETI REMENTOF B.J. GA RNIER. McGILL UNIVERSITY 

At McG ill University's Fa ll Convocation ceremonies. held on November 24. 
1982 at P lace des Arts in Montreal. retiring Professor BJ . Garnier was 
honoured with the tit le P rofessor Emeritus. J . Brian Bird of the Department of 
Geography provided a testimonial. ciling Garnier's we ll-known work on the 
climate of ew Zealand. as well as his efforts at editing and producing the Cli­
matological Bulletin since its inception in 1967. 

A reception was held in his honour that week. The menu design was 
similarto thecovcr of the pre-1983 Bulletin. complete with the McGill crest. 
Items on Ihe menu were as follows: 

--- Isobar--­
Menu Climatoiogiqllc 

Aperitif - assiette parisienne a la la pse rale 

Vea l Cordon Sleu a la maniere du roi Garnier 
Vegetables a la Thornthwaitc 

Potato gaspcsienne 

Rolls of thunder 

Castelli Romani vin de rayonnement solai re 
Koeppen BW-S Creme de menthe parfait 

Water balance 
The. Cafe 

Post-d inner fare consisted of synopt ic view, meteorological analysi . Coriolis 
deflections and long range views. albedos and other reflect ions. precipitations 
and respo nses. climatological reviews and projections. and turbulence and 
vonicity. 

We wish Ben Garnier all the best on his retirement. and good 
weather wherever he travels. 
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GRE,\TLAK ES INSTITUTE. UNIVERSITY OF WINDSOR 

Marie Sanderson of the University of Windsor has submitted the following 
report on recent activities at the newly established Great Lakes Institute. where 
she serves as Director: 

"Of interest to the readers of the Climatological Bulletin is the recent 
establishment of a Great Lakes Institute at the University of Windsor. It is 
unique in being the only university based institute in Canada devoted to Great 
Lakes studies. Windsor's position in the centre of the Great Lakes Basin makes 
it an ideal location for such an Institute," 

"The lnstitute is multi-disciplinary. with members from twelve 
departments at the University: engineering. chemistry. biology. geology. geo­
graphy, political science. economics. law and education. as well as from the 
International Joint Commission and the Fisheries Research Station at 
Wheatley." 

"The Director. Marie Sanderson, is a climatologist with the depart­
ment of geography. The Executive Council of the Institute has members who 
are eminently qualified to give advice in environmental matters. Among these 
are James Bruce. A.n.M .. Atmospheric Environment Service. Art Collin, 
Assoc. D.M .. Energy. Mines & Resources. and Walter Giles. A.D .M .. Ontario 
Ministry of the Environment." 

'"The major current research effort of the Institute is a case study of 
selected toxic contaminants in the Essex region. T he contaminants chosen are 
two trace metals - lead and cadmium. and two organics - PCS's and octachlo­
rostyrene. The research team of twenty scientists hope to look at these contami­
nants with an ecosystem approach - emissions. transport. surface loading. 
effects on flora and fauna. cost benefit analysis. legal implications and educa­
tional issues. The research is being funded over a three-year period by the 
Department of the Environment with an $800,000 contract with the Institute." 

"The Institute plans to operate the Baie du Dore research and study 
centre on Lake Huron this year and bookings can be arranged by writing to the 
Institute office at the University of Windsor." 

"A recent successful activity of the Great Lakes Institute was the 
hosting, in January, 1983. of the special winter meeting of the International 
Association for Great Lakes Research. marking twenty-five years of Great 
Lakes conferences," 

COMMENTS ON ~CLlMATOLOGY IN CANADA - A LOOK FORWARD" 

In response to "Climatology in Canada - a Look Forward" by S.J . Cohen. 
which appeared in the October 1982 issue. Peter J. Lamb of the Illinois State 
Water Survey se nt in several items on related issues. 

One article. "Persistence of Subsaharan Drought" by I'.J. Lamb. 
reprinted from Nature. Vol. 299. presents evidence that this wcll~ known drought 
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may not have ended in 1973. His updated rainfall index for the region ind icates 
that rainfall was below average every year during the 1970-1981 period. Why 
then has there been so little publicity given to this continuing rainfall anomaly? 
Lamb speculates that the recent decline in population led to a reduction in the 
socio-economic impact of the drought. Rather than witnessing a shift in weather 
patterns. we are probably seeing the effects of a long-established strategy of 
adaptation to climate variat ions - emigration to more hospitable climatic 
regions. 

Another item of interest is "On the Present and Potential Use of 
Climate Information by the U.S. Private Agricultural Sector" by P.J . Lamb. 
S.T. Sonka. and S.A. Changnon, Jr .. which appears in Preprints of Sixteenth 
AMS Conference on Agriculture and Forcst Meteo rology. The authors con­
tend that we have yet to develop the management strat egies necessa ry to reduce 
the unfavo urable consequences of climatic variation on agriculture. This leads 
to questions regarding the usefulness of climate impact assessment programs 
init iated by the U.S .. as well as Canada. Climate data and information are used 
extensively by grain and brokerage companies. as well as seed and food can ning 
industries in the U.S. However. the agribusiness co mmunity sees little divid end 
in the sophisticated use of climate data because of ou r inability I ) to provide 
accurate long-range forecasts at local scales. 2) 10 demonstrate applications of 
available data to management problems. and 3) to "package" data and informa­
tion in formats appropriate to the users. To overcome these obstacles. the 
authors conclude that long ra nge (up to 6 months) forecasts will have to be 
improved. and considerable user education will be necessary before an indi­
vidual company or farmer will use climatic predictions on an ongoing basis. 

Corrigendum 

Author S.J. Cohen has noted the following errorS in his art icle. "Climatology in 
Canada - A Look Forward" (Climatol. BUll" 32. 1-8): 

I On p. 3, lines 10 and II should read "". literature (e.g" Masterton et 
al.. 1976: Mather, 1974: McQuigg, 1975. in Slater and Levin. 1981 : 
Allsopp et aI., 1981: Murphy, 1977: Murphy et al.. 1977: Oliver. 
1981 : Rosenberg. 1974, in Slater and Levin, 1981: Thomas. 1981) 
much ... " 

2 On p. 7. the following reference should be included: 
Daniel. H" 1980. Man and Climatic Variability: The World Climate 
Programme. World Meteorological Organization. No. 543. Geneva. 
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The new symbol for Canadian Meteorological and Oceanographic Society which is shown on 
the cover was designed at University of Toronlo Press by Beth Earl. 

The Image 
The symbol depicted is comprised of three elements of the nalUra] world: air, water and ice. The 
initial impression is of ice. then ice in water, and then atmosphere surrounding both . 

The ' arrowhead ' iceberg points upward 10 suggest growth, positive research, and mobility, and 
the clean, clear, uncomplicated lines suggest the open. new directions of the Society. The 
floating shape suggests another aspect of the membership , that of balance and stability. 

The emphasis on ice is appropriate for this Canad ian society . Canada's research position in 
atmospheric and oceanographic studies mdicate this as a pOlential area of specialization. This very 
Canadian aspect is appropriate in its uniqueness . 

The square sbape works well conceptually and graphically; il represents the unity of natural 
elements; it creates a clean, strong shape that is appropriate to many applications. 

The name of the Society, in English and French. is used al the base of the symbol in a formal. 
modem style . 

Lc nouvel embl~me de la Societe Canadicnne de Meteorologie et d'Oceanographie, qui figure sur la 
couverrure, a ete dessine aux Presses de l'Universite de Toronto par Beth Earl. 

Le Dessin 
eet embl~me se compose de trois elements du monde naturel : l'air, l'eau et la glace . Ce qui 
recicnt d 'abord I'allention C'tst la glace. puis la glace dans I'eau et enfin l'atmospMre qui les 
entoure. 

L'iceberg "en fer de lance" est dirige vcrs Ie haut, donnant ainsi une idee de croissance. de 
recherche et de mobilit~; les Iignes paraUeles simples , netles ct droites represenle la nouvelle 
direction tUs souplc prise par la Societe . L'iceberg qui HOlle se re~re fj une autre caracteristique de 
J'association: equilibre et stabilite . 

Que I'accent soil mis sur 1a glace convieDt particuli~rement fj cette socil~te canadienne. En raison 
de la place occupte par Ie Canada dans Ie cbamp des etudes atmospheriques et oceanographiques, 
il se peut que cela devienne un domaine de specialisation. C'est 11 un des aspects uniques du Canada . 

D'un point de vue concepluel et graphique Ia fonne ewe convient tout a fait: elle represeme 
I'unite des elements narurels et donne une impression de force et de nellete dont Ie symbolisme 
est plurivalent . 

Dans un style a Is fois modeme et conventionnel , Ie nom de la Societe figure. en angJais et en 
fran~ais , au bas de I'embl~me. 
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