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Foreword / Avant-Propos 

This issue of Climatological Bulletin contains an article on wind modell ing over 
rough terrain , a review of severe local glomI research in Canada, and a dimalc­
change impact assessment for the forest regions of Quebec- Labrador , A balance of 
Ihis kind is only possible when a good now ofmanusclipts is mai ntained, 
something whicb does not always happen. I would encourage readers 10 submit 
manuscriptS and to promOic the jOWllal among their colleagues. We continue to 
strjve to improve the Bulletin, and good manuscripL" on cl imatolog ical research 
arc always welcome. 

Ce numero du Bulletin dimal%gique se compose d ' un article sur la modciisation 
du vent au-dessus d'un terrain accident': , d'une revue des recherches concernant 
les tempetes esti vales au Canada, ef d ' une etude de l' jmpacf polentie l d 'un 
changement c1imatique pour les regions foreslieres du Quebec-Labrador. Un tel 
eQuil ibre depend de l'abondance de manuscri!s , une chose qui ne nous arri ve piiS 
lo ujo urs, J 'encourage done Ie.'i leetcurs a oous sownettre des maouscrits et a 
promouvoir la revue parmi leurs collegues. On essaie wujours d'ameliorcr lc 
Bulletin en accue illant des manuscrits de bonne quaJ ite qui portenl sur des 
recherches climatologiques, 
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Alec Paul 
Editor/RiducteJlr t il chef 
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Simple Guidelines for Estimating 
Wind Speed Variations due to 
Small-scale Topographic Features­
An Update 
J.L. Walmsleyl 
P.A. Taylor·') 
J.R. Salmmz l 

[Original manuscripl n:!ccived 24 February 1988; 
in revised fOml 1'2 December 19881 

j\ IISTItACT 

The paper by Taylor and Lcc ( 1984), describing simple guidelines for cSLirnurmg wind 

speeds on hilltops and at similar complex terrain locutions, has Dltracted COilS ide Table 
attention and the. methods arc bei ng widely apptiod. In our use of these guidel ines we have 

found it desirable to make minor chaRges 3110 addi[ions to the procedures, und to code the 

guidelines as an imcraelivc progr.am for usc. on IBM compatible micro-C<lIllpuICrs . The 
present article docum.:nts the changes. describes the computer code and presents a simp]!! 

application a~ an example of its use. 

~ES fJ Mf. 

L'art iclc de Taylor ct Lee (1984) qui porte sur des proccdcs simplifie..'i pour I'esiinullion des 

vitcsscs du venl par-dessus des eollincs el d 'nalres lieux semblables de topugf:lphie 

comple"e, aete bien regardc, 8eaucoup de mondescservenl des mClhode~ y presentees. En 

utilisam nous-meme ces pmcwcs, nOus aVons prHere fail\: de petits changements et 

additions, ct cnsuilC coder Ics procedes com!1lC programme interactif cOllvcnllble iI un 

micro-cOmJlUler IBM-compaliblc. CCI an ieie-ci precise Ics changements, decritlc cod.:: 

infom lalique el pn!Senle un exemple d'unc appliclltion simple. 

I Boundary-Layer RC5eilfCh Di~i5ion t i\lm0Spht:ric EnVHtmJ1lenl Service, 
4905 Dufferin Stret'I, Dowl1svkw, Onlafl(), Carulil~ M3H 5T4. 
74 ~Icslop Drive., Toronlo, Ontario, Canada MlIW 4R I. 
Pl\lscut a01liation, Department u( Earth ~I\d AtmospllCri.: Sdcnn., 
York Universny, 4700 Ku.k Street. Nurth York, Onl:mo. Caf\ilda MJJ IPJ. 
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I . IN 'rROO UC TlON 

Taylor and Lee (1984) present simple guidelines for estimating wind speed 
variations due to small-scale topographic features. These gu idelines arc based on 
the ideas of Hunt ( 1980) for flow over low hills and Ellioll (1958) for flow 
downwind of a stcp change in roughness. Taylor and Teunissell1l984) also d iscuss 
tbe guidelines with emphasis on Ihe estimation of design wind speeds wh ile 
Lemelin et al. ( 1988) have used them as a basis for further studies leading to thei r 
'LSD' model. The Applications and Impact Division of the Canadian Climate 
Centre has used the guidelines extensively to assist in the estimation of design 
wind loads for structures, e.g. antenna towers, to be built in complex lerrain . The 
Boundary-Layer Research Division of AES has also used the guidelines in ajoint 
study with Hydro-Quebec 10 estimate the wind energy potential of hiUtop siles in 
the iles-de-Ia-Madcleine (Taylor et at., 1986) and in studies of the representa­
tiveness of island"based wind data fo r the surrounding waters (Walmsley el aI., 
1985). 

During the course of these appl icat ions, the authors of this papcr have 
identiried and correcled some minor ambiguities in Ihe original documentation. 
We have also added an option to allow the usc of wind data from a nearby reference 
~ ite if there are none available for a location just upwind of lhe !Opographic feature 
o r roughnc.ssehangc undcrcunsideration. In addition. the present anicledeseribes 
guide lines software for IBM-compatible micro-computers. 

We should remark that similar guidelines or 'rules of lhumb' have 
been described by other authors. Jensen el II/. ( 1984) present methods which are 
similar to those in Taylor and Lee's guidelines while Businger (1987) discusses 
models of the roughness-change situation. Businger's modcl includes thennally 
~tratified cases. Lemelin el al. ( 1988) have developed detailed approximations for 
flow over tOpOgraphic features which include upper bound estimates for wind 
speed variations aJ locations a60ve hil lsides and escarpllJent slopes a.~ well as 
above the summ it. These upper bounds may be consc~ativc in some i n~lances . 

and Tay lor and Lee's suggestion (p. 19) of I.inear interpolation between an 
upstream slow-down allhe base of the hi ll and the hil ilop spced-up may be 
preferable . For detailed wind speed estimates at general locations in complex 
terrain, we recommend the use of the MS3DJH model wherever feas ible. The 
model is decribed in Taylor el at. (1983) and Walmsley I1lt1/. (1986) and a 
micro-compulcrcode is now available(Salmonand Morris. 1987). However, this 
requires a substantially larger effon to apply than do Taylorand Lee '5 guide lines or 
tbe LSD model , and may not yet be practical fm day-to-day appl ications. AsGlSs 
(Geogr'dphic Infonnation Systems) and high resolutjon DEMs (Digital Elevation 
Models) become available, however, the need to digitise topographic maps may be 
avoided and theeffon reduced. Lemelin el af. ( 1988) also adopl a different 
approximation for the decay of the fractionaJ specd-up ratio, 6S, with height 
above terrain. b,. Z, to thai assumed by Taylor and Lee (1984) in Iheir equation 
( 14). The LSD algebraic form forthe vertical variation of f:::. S appears to be a bcuer 
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fit to wind-tunnel and MS3DJH numerical model results at large and small heights, 
bur Taylor and Lee's exponential approximation malches the height variation of 
Askervein hi lllOp fielo dllta (Mickle et al. 1988) slightly better. Both appear 
satisFactory over the height mnge required For typical applications. We commend 
Ihc work of Lemelin el al. but have chosen here to retain the original exponential 
approximation oFTaylor and Lee and to restrict OUf attention, in the presenl 
guidelines, to summillocations where we believe thc esti mates 10 be Illost 
accurate. 

2. II.E VI EW O F TA Y LOR AN D Ll!l;: 's GU ID ELl N ES 

Consider the idealised situation shown schematically in Figure I . Three locations 
are depicted: a reFcrence site, R, an upstream site, U, and a prediction site, P. The 
upstream site sbould be nat, of uniFonn roughness. z'>lI' and directly upwind o f P. 

The objective of Taylor and u 'C's (1984) guidelines is to compute Ihe 
wind speed, Up' atlhc prediction height above local ground level,.6.~ (Or at a 
series of heights to fornl a velocity profile) at P, The guidelines provide an estimate 
for Up re lative to UII(~z,., ) , the upstream velocity at thc same he igh l al U. Two 
e ffects are allowed for: 

a) Wind spce<.lchanges, ~.u.r. due to flow over the topographit: featu re, 
of height. h. The change may be speed-up for hills (h positive) or a reduct ion in 
speed if the feature is a val ley or hollow (h negative). The length scale, L, of the 
topogruphic feature is taken as Ihe upwind distance from the hilhop, or other 
extreme poi nt, to the point whose he ight above the surrounding terrain is h/2. This 
is sometimes referred to as the ' halF-width at half-height'. 

b) Wind speed changes , ~Uk, due to a change in roughness between 
U and P at a distance r upwind o f P. 

The key equations. as described by Taylor and Lee, are: 

C, UT ~ C, s U. (C, z,) 

where 

.6.S = ~Sru ..... exp(-A~z!L), 

with 

(1 ) 

(2) 

C,S= ~ Bh/l-, (3) 

and, for.6.Zp < bt, 

UII. = f II n(6. 7-r/z..)/ 1 n( 61/z...) III n( at/z....)J1 n{~:r,J l"1Iu)J - I j U<l(~~) (4) 

where the depth of the internal boundary-Jayer, 61> is given by 

"tlz., = O. 75(r!Zo'P 8. (5) 

This is Ell iott"s (1958) approximation for /II "" z.,h"1lu = I and was considered 

1.L. Walmsley et at.! Wind ,fpeed anti Topographic Features 5 
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satisfactory by Taylor and Lee for modest roughness changes. For general usc. 
however, we now suggest Panofsky and Dutlon 's (1984) equation 

r ' =a (6·'(l n 6 '- 1) + I) , (6) 

where r ' = r/Zo , 6' = 6J~ and a = 2. This equation is solved itcratively for 61 hy 
Newton's Method \Ising a modified fonn of (5) as an initial guess . II gives better 
agreement with observations (Walmsley, 1989) and is uscd in the guidelines 
sonware 10 be described below. Eq. (6) is derived from d6ddr = ow/u(6J }. where 
Ow = 1.25 u* (Panofsky and Dutton , I 984) and u(a I) = (u* I I()I n(61/1,,), wilh the 
von Karman constant , /( = 0.4 and 6, = z" at r = o. 

Note mal we have made some slighll1otation changes for 
compatibility with the computer program 10 be described later. Table I gives the 
recommended values for the coefficients A and B for different types of 
topographic feature . We usethc guidelines to compute me velocity corrections due 
to each effect sepanncly and then just add them, i ,e. 6U = .6UT+ 6UR. In doing 
this. there is an implied assumption mal the corrections are small and that linear 
superposition is appropriate. III practice thecorrcctions may bequite large (- 80% 
to + 120% of Ui.6Zp» and lhe assumption less valid than for small corrections. 

The guidelines assume neutral thennal Slratit"icallon and were 
developed fo r use in moderate-to-high wind situations. They also assume 
logarilhmic upstrcanl and reference site velocity protiies. This makes them most 
appropriate for topography and roughness variations on horizontal scales (L,r) 
which are less than about 2000m. Taylor and LL'C also noted that thc estimates may 
lose accuracy for L< 100m. Recent experience has shown that we can relax this 
criterion somewhat and we now generally endorse the use of the guidelines for 
cases with L/Zo >tD2 • The range of heighis for which guidelines are considered 
appropriate is l..J«.6z< 150m, with the upper bound determined by the height to 
which the upstream profile may be considered a~ approximately logarithmic (scc 
Panofsky , 1974). Forestimating.roughness change effects from EJliou'sschcme it 
is also desimble to have 6t < 150m at the prediction site, although the consequences 
of exceeding this Slightly (perhaps as far as 1i 1 <5OOm) should not be too severe, 
given Taylor's (1969) fmdings that surface- layer and Planetary Boundary Layer 
(PBl) models of now over roughness changes givc similar results ncar the surface. 
The essential point is that the internal boundary layer should remain significantly 
shallower than the entire PBL. 

TA B L£ I. CocITkients rot use with guidelines c.~timll.tes of wind speed C'hll.llgt!S due to topography. 

Terrain type A 0 

20 hill3 (ridges) l .O 2.0 
30hiUs 4.0 I.. 
20 escarpmeut~ 2.' 0.8 
2D rolling terrain l.' t.55 
3D rolling terrain 4 .4 1.1 
Raj terrain 0.0 0.0 

J.L. Walmsley el at. I Wind speed and Topographic Fearure.~ 7 



Call for Papers 
CANADIAN SOCIETY OF AGROMETEOROLOGY 
1990 TECHNICAL SESSION 

The Canadian Society of Agrometeorology (CSAM) is planning a one-day 
technical session for Tuesday July 24, 1990. The meeting will lie part of the 
Agricultural Institute of Canada (AIC) 1990 Annual Conference 10 be held at the 
Convention Centre in Penticton, British Columbia. The CSAM technical session 
provides an opportunity for members to meet and exchange information on 
research, extension, and service activities from micrometeoroiogy to climatology . 
The theme of this conference is Agri-Resource interfaces. You are encouraged to 
share your information and experiences , and invited to attend the other Ale 
sessions from July 22- 26 to better understand what is happening in the agricultural 
industry in Canada. 

Poster presentations and equipment or instrumentation displays are 
invited. Please send a proposed title of your paper(s) by December31 , 1989 and a 
200 word abstract with the finalized title by March I, 1990 to: 

R.1. Williams, Agricultural Climatologist 
B.C. Ministry of Environment 
1873 Spall Road, Kelowna, B.C. V I Y 4R2 
(604) 861-7211 

TROISIEME ATELIER DE TRAVAIL S U R LA 
METEOROLOGIE OPERATIONNELLE 

Cet atelier de la SCMO aura lieu a I'Universite du Quebec a Montreal , 2- 4 mai 
1990. Renseignements de: 

ERRATA 

Pierre Bourgouin, Section de formation/SEA 
100 blvd. Alexis-Nihon , #300, Saint-Laurent (Que. ) H4M 2N8 
Tel.: (514) 283- 1167 

Simple Guidelines for Estimating Wind Speed Variations 
due to Small-scale Topographic Features - An Update 
l.L. Walmsley' , PA. Taylor' and l .R. Salmon' 

The authors would like to point out the typographic errors in Equation (7) of their 
recent paper, Walmsley el al. (1989) . The correct form of the equation should have 
been: 

(7) 
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where K = 0.4, a = 4 and b = 2. The corresponding equation inour "Guidelines" 
software was and is correct. 

In the references of the paper, the spelling of Tampieri was incorrect. 
We would like to thank Tsoi-Ching Yip for spotting the missing power 

of 2 on the constant, a. 
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AUSTRALIAN WORKSHOP ON BUSHFIRE METEOROLOGY 
AND DYNAMICS 

The topic of "Bushfires: Meteorology and Dynamics" was the subject of a 
workshop held in Canberra, Australian Capital Territory (A.C.T.), on September 
28~29, 1989. The Australian National University (ANU) was the venue. Close to 
75 people attended the workshop which was held in conjuction with the Simulation 
Society of Australia 's (SSA) Eighth Biennial Conference, 

The workshop, which was preceded by the three-day conference, was 
sponsored by the Australian Meteorological and Oceanographic Society, the 
Australian Mathematical Society, and the National Bushfire Research Unit 
(NBRU) of the Commonwealth Scientific and Industrial Research Organization 
(CSIRO). Dr. Tom Beer, CSIRO Division of Atmospheric Research, Private Mail 
Bag No. I, MordiaHoc, Victoria 3195, served as the workshop's principal 
organizer. 

The workshop was designed to bring together meteorologists, 
mathematicians and fire modellers. Furthermore, it aimed to act as a forum for the 
discussion of future analytical , theoretical and experimental requirements for a 
better understanding of the dynamics of bushfues, the effects of meteorology on 
fires and the effects of fires on meteorology. 

Fifteen presentations were made during the two-day workshop. 
Preprints for nine of the papers and abstracts for three others were made available 
to registered participants on arrival in the form of an appendix to the SSA 
conference proceedings printed by ANU. Authors had approximately 30~40 
minutes for presentation oftheirpapers. The program was arranged to allow ample 
time for discussion on each paper. The workshop concluded with an open forum on 
research needs in bushfire meteorology and dynamics. The editor of the Pergamon 
Press journal Mathematical and Computer ModeLLing has agreed to a special issue 
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3 .. ACCOUNTING fOR A NOf'l' W EA L REFERENCE SIT!! 

The ideal situation for:lpplication of the guidelines is when dalaarcavailablc for a 
reference location directly upwind of P. This wiJl not always be the case, however, 
and if we want an estimate of the wind speed at P, either as tl shon term (say I h) 
average or as a climatological average or climatological extreme , we will have to 
use data from a reference si le, R, which may be some distance from the prediction 
sileo In addition, Ihe reference site /Day be characterised by a surface roughness, 
z"" which is diffe rent from Zoo . In these circumstances, we have adopted a 
procedure based ou the use of " Resistance Laws" for the nelllrally,s tratified 
planetary boundary-layer (see for examplcJenscn el aL, 1984, p. 34 or Taylor, 
1987) and the assumption that the geostrophic wind, U&. is the same above U as it 
is above R. This assumcs an equilibrium relationShip bclwen Ihe surface friction 
ve locities, U*, and the sealar magnitude of the gcoslrophic wind, U" at each 
location. Denoting the Coriolis parameter by f and with = 0.4, the Resistance 
Law is 

(7) 

with coefficients a = 4 and b = 2. This is assumed to hold with values of z" and u* 
appropriate to eilher R or U. Given the refe rence site wind speed , U" al height6.z,. 
(often 10m) we complllc u"', assuming a logarith.mic surface layer profile, use 
equation (7) 10 determine U8 and then again to detennine the U. o correspondi ng to 
z.,o. This allows us to compute the upstream velocity Vo at any prediction height. 
6. '"p ' again assuming a logarithmic profile . An alte rnative schcme has been 
proposed by Wicringa (1986) based on an assumed constancy of a 60m 
" mesowind". The calculations in thiscasearcsl ightly simplcr, but the60m height 
is somewhat arbitrary and we prefcr the more general Resistance Law fonnulation 
lor this application. 

4 . THE TKE .... TM I; NTOF ROLLING TERR A I N 

In the present version of the guidelines, we treat rolling terrain cases slightly 
d ifferently from Taylor and Lee ( 1984). Equations ( I) to (3) above are now used to 
estimate hilltop or valley bottom wind speed penurbations , 6u.r. The upstream 
wind Uo(6Zp) is taken as an areaUy averaged wind over similar, rolling tcrrain 
with uniform surface roughness, z"." and replaces (VII + Uv)/2 in Taylor and 
Lce 'sequation ( II). We take h as thc hilhop-to-va lley-bottom elevation difference 
and L as one half of the hilltop-to-valley bottom distance in the upstream now 
direction. For use in equation (3) we set h positive for hilltops but negalive for 
valley bottoms. Values sugge.'Hed for the coeffi cient B in equation (3) above are 
1.55 and 1. 1 for 2Dand 3D cases, respecti vely . Venical decay of 6 S is assumed to 

follow the same cxponential curve postulated by Taylor and Lee , i.e., eq uation (2) 
above with A = 3.50r4.4 for 2Dand 3Droliingterrain respectively, as indicated 
in Table J . These numerical values of A were obtaincd by approx imalcJy fitting 
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equation (2) 10 the hcightdecay ofsolutionsobtained with the MS3DJH model. As 
in the case of isolated topography, the fit is best for 6.z<O.3L. 

5. THEGUIDELlNESSOFTWAIU:. 

We have recently coded an interactive version of the guidelines in Microsoft 
Quick.BAS1C version 4 .0 for useon IBM-compatible computers running under the 
MS-DOS operali.ng system. A source code and executable programs for usc on 
machines with or without math coprocessors (8087.80287 etc.) areavailableat no 
charge from J.L. Walmsley - but please send a blank 5.25 inch, double-sided 
double-density or 3.5 inch high denSity diskel[c with your requesl. 

The programs usc the revised guidelincs with esscntially the S<lme 
constraints as those indicated by Taylor and Lee, Figure 13 , except that: 

3) The upper limit of terrain slope is increased from h/ L = 0.5toO.6, in 
the light of recent wind tunnel studies and Salmon et (If. 's (1988) 
comparisons with Askcrvein fielddata.lfh/L>0.6Ihcn L is adjusted, 
set equal to h/O.6 and execution continues. We adopt this procedure 
because limiting hlL keeps I.::::. Smax realistic (equation (3), and 
increasing L to h/0.6 causes a slower exponential decay of6S with 
height (cquatiolJ (2). The two effects combine to give what we 
believe are reasonable estimates for Sleep terrain although they will be 
less reliable than those for gentler slopes. 

b) For valleys or hollows we require Ihal h./L> - OA since the now 
would alrnost certainly separate over valleys which were as sleep as 
this (see Tampieri . 1987), and the wi nd estimates would then be 
unrel.iable. 

c) The programs will accept reference sile wind speeds Ie.~s than 3ms· l , 

but a caution is issued to remind the user that the guidelines are 
primari ly intended for use in high wind situations. 

d) Stratification effects are not considered explicitly. and users are 
expected to make assessments of these for themselves. 

e) Inner layer depths, r. from Taylor and Lee, equation (5), arc not 
computed and the height decay of the frac tional speed-up ratio, 6S. 
from Taylor and Lee, equation ( 14), is applied al all heights . 

£) A warning is given that the measurement and prediction heights, 6z. 
and I.::::. Zp. respectively, must be much greater than the roughness 
lengths (z"r, lou and z.:,) and checks arc matJc to ensure that 
I.::::.z,'>lo< and 6t,J>Zou. Zo. Checks are also made to see whcther 6:(.,., 
6"", or il are greater than 150m and warnings are issued if this 
condition OCCUnl. 

The structure of the programs is slightly different from Taylor a.nd 
Lee's Ilow chan (Figure 13) so that separaLC reference and upwind siles can be 
treated as discussed above. We have also SCI up the program to alJow computations 
at a sequence of heights al the prediction sile without repetition of the full input 
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procedure. The programs arc intcndcd to be "uscr+fricndly" and relatively 
foolproof - but we make no guarantees ! 

6. "$ IM P LR A PPLI CA TION 

As an illustration of the use of the guidelines program, we have chosen a 
two+d imensional ridge of hei ght , h = 50m and horizontal scale , i.e. half-width at 
half-height, l = 250m. The roughness lcngths al the reference, upstream and 
prediction sites are assumed to be O.03m, O.Dlm and 0, 1m, respectively, making 
this an cltample of a smooth-to-rough transition with reference wind data available 
at a site with different roughness from thaI of the upwind terrain . The upwind 
distance from the prediction site to the changc in roughness is r = 400m. The 
reference wind speed is taken as IOms· 1 at a he ight of 20m above the ground. Since 
the reference and upstream roughness lengths are not equal , the program applies 
the neutrill PBl Resistance law and requires the site latitude (45°) as input. 

Table 2 displays the printcd uutput from this sample run . Header 
infomlation includes a user-defined label in line 2 and a user-specified file to 
conUlin the output in line 3. Subsequent lines list all input data, the results of some 
intermediate calculations and the final predicted wind speeds. These arc given to 
the nearest O.Olms·1 but they are only estimates and should not be considered as 
reliable as this ! In this eltample Ihe geoslrophic speed was delennincd to be 
16.85ms·1 and the internal boundary layer (lBl) height , S •• wa~ 40.04m at the 
pred iction si te. Prediction heights were specified as 5, 10 and 20m. Upstream 
speeds at those heights ranged from 8.8 to 1O.8ms·' , increasing with height abovc 
g round . The ridge induced a speed-up of about 3ms·l at all three levels, whereas 
the changll in roughness caused a slow-down of 1. 13ms·1 al5m, decreasing with 
height to O.3!Sms·' u120m. The combined effects gave a wind profile with speeds 
varying from I I. Oms·1 3t 501to 12.Sms· 1 allOm and l3.8ms-1 at 20m. 

In Figure 2 we d isplay the results of the above calculations, 
augmented by additional evaluations at other elevations. Here one can clearly sec 
that the roughness effects become negligible (less than O.Sms· l ) at about 20m , the 
topogr'dphic effect has a maltimum ncar 10m and the prediction site profile has a 
local maximum near60m . Significant speed-up , say >2ms· l , occun; between Sm 
and 6Om. 

7. CONCLUSIONS 

Taylor and Lee's "simple guidelines" have provided a useful, practical tool for 
estimating wi nd speed variationS eau~ed by small scale topogrnphy and roughness 
changes. The guidelines have been elttended to al low thc wind prorile at the 
upwind location to be estimated from a wi nd measurement al a separale reference 
s ite, using the PBL Resistance Law , Also, the treatment of lwo- and three­
d imensional rolling tenain has been improved. These factors should increase the 
usefulness of the guidelines. Moreover, with the availability orlhe user-friendly 
computer progmm , they will now be easier to apply. 
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fA. II Lli 2 , fucerpo; from an Output FUe from the Guidcline.'i Progr.ll11 . 

GUIDELINES ESTIMATES FOR WIND SPEED AT COMPLEX TERRAIN SITE 
SAMPLE RUN 
File SAMPLE, OUT Mu-Da·Year,()2· ISo.I988Ti'\IIl: 13:23:24 

REFERENCE SITE INPUT 
Wind spced 
Anemumeter heighl 
Wind dirl.'(!\ioll 
Roughllen ICllgth 

UPSTREAM AREA 
Roughness length 
Ncutrotl PSL Rcsislance Law ust<! 10 compule 
upstream wind ~pccds since l.oudi fferenl from l or­
Latilude 
Geostrophi(! wind speed 

PREDICTION S]TE INPUT - TOPOGRAPHIC 
2·dimcnsional ridge or valley 
Height (h) 
Horiwntal lenglh scale (L) 
hlL 

PREDlc n ON SITE INPUT - RO UGIINESS 
Roughness length at pn:diclion sile 

INTERNAL BOUNDARY L.A YER (IBL.)CAL.CULA'rIONS 
Up!ilream dislllllCC to roughnC51i change 

IBL beight at prediction ~i tc 

Upstream ~pecd al IBI . heighl 
Wind speed lit IBL heighl al prediction ~ite 

Prediction height 
WIND SPEED PREDICfJON 

Upwewn specd al prediction heighl 

Wind speed corrcction_ mpogmphic 
Wind speed oorrtction - roughness 
Wind speed at prediction height 

Prediction height 
WIND SPEED PREDIC riON 

Upstream speed at prediction t1eighl 

Wind speed com.-c tion - lOpogr:lphic 
Wind speed correction - rollghlli:,~s 

Wind speed al predictloll height 

Prediction height 
WIND SPEE.D PREDICTION 

Upstrt:am speed at prediction height 

Wind. speed cOrTeClion - topogrllphlc 
Wind speed correction - rou ghrn:s.~ 

Wind speed at prediction lIeight 
- --------------- ----. 

]0 m's 
20m 
21Odc~ 

.03 m 

.0] III 

45 degrees 
16,85 mls 

A""' } B= 2 
50m 
250m 

0.200 

. Im 

400111 

40,04 m 

11.74mls 
14.64 m/s 

S m 

~ .79 !Ills 

3.3J m/s 
- L Drnts 

10.98 mls 

tOm 

9.78 mls 

) ,47 mJ~ 
-O.75m/~ 

12.49 mls 

20m 

10. 76 ,n/~ 

3.38 ml~ 
-O.Jl!mh 

]3,76 !TIls 

------------
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FIGURE 2. Wind speed profilCl; tor s~mplc om with calcula tions at additional prediction hcigh1.!i . 
Curve I Wind speed reduction due to roughness change. 
Curve 2 Wind speed increment due La effC<:1 of ridge. 
Curve 3 Wind speed profile at upstream site ( ...... = 0.01 Ill) , 
Curve 4 Willd speed profile at plYdiclion site{l.o = 0, 1m). 
Curve 5 Gi.'{)Slrophic wind specd (4SG latiu)(!e) 
~Refcren.x wind ~p(:cll (2 .... = O.03m). 
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Understanding the Severe 
Local Storm Hazard in Canada: 
Where do we go From Here? 
Michael J . Newark 
Atmospheric Environment Servil:e, 
Downsv iew,Onlario 

[Original manuscript received 12 May 1988; 
in revised fonn 13 October 1988J 

" IlSTRACT 

The history or d imatoJogic(l1 research ill severe local summer StomlS ~hows that progrc...s has 

been made in understanding the distribution across Canada or cenain phenomena such as 

hailstorms and tornadoes. However, this work is still in i L~ infancy and much remains to be 

done to advance ourundcrslanding of the hazards duc to sut:h s\onlls. This paper brielly 
reviews what has been done, and examines the challenges yet to come. 

Conccmanlles tempelcscsliv:l les, I 'histoirede Ja recherche climatologiquc au Canada nous 

inrlique que nous aVOIlS fai t des progres pour compn:lldre la distribution tempordlc ci 
gcographiquc des phenomcnes tels que les tomadcs ct les tempetcs de grele. Toulefois, ce 

travail-ci est dans son bas agect i1 reste beIlUCOUP.i faire pour avancer notreconnaissancedes 
dangers de tellcs tcmpCte,~ . eel anic1e revolt cn bref J'histoirede la rechcrche el examine!es 
dcfi.~ de I 'avenir. 

INTRODUCTION 

Thundersto nns wh ich C/lUSe damage due to tornadoes, hail , strong non-tomauic 
winds, or heavy r.J.in can be defined as severe local stomlS. A knowledge of their 
climatology and their impact upon society fonns the basis for understanding this 
natural hazard. The average annual losses due to such storms in Canada are not 
known, but as an order of magnitude estimate they must amount to some $109 in 
crop and propcny damage. Additionally, over the last 5 years, there has been an 
average of \0 fatalities and approx.imately 90 injuries caused by severe storms each 
year. 

Although study of the climatology of severe Slorms is not weIJ 
organized on a national :;calc in Canada, there has been some regional activity in 
the compilation of severe local summer storm statistics. Forcltamplc. data on hail 
climatOlogy exist for parts of Albena (30 years), and Saskatchewan (5 years). 
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Also, individual effons haveresuhed in various .sets oftomado statistics across the. 
country , and for approximately the last decade, sets of annual severe local stom} 
stat istics of various types have been compiled by several oflhe AES regional 
organizations. 

From a climatological point ofvicw, the challenges that lie ahead can 
be categorized as follows: 

I . Data Management , 'j .e. to locate and col late all these existing data, 10 
develop common fonoats , design a standard database , maintain and 
update the archive, and 10 usc consistent definitions of the severe 
SlOnn phenomena: 

2 . Data Collection mid Analysis. i.e. to collect Ihe mesoscule 
infonnation (botb o ld and new) necessary to fillihe gaps in time and 
space. and to analyze the data at an appropriate. scale; 

3. CIiIlUlfoiogica{ Re~·earch . for example to compare the analyzed data 
with other climatological parameters in order 10 examine their in ter~ 

relationships; 
4. Impact Assessment, i.e. todetemlinethc impactofscvere slOlms upon 

Canadian society in order to allow for the development of appropriate 
emergency strategies and fiscal planning. 

H ISTORY 

Compared to the United States , where the first comprehenSive labuhltion of 
tornadoes was made in [884 (in Court, 1970). and the first active hail research 
began in the Iale 1930's(Changnon, 1977), Canada has been very slow in realizing 
the magnitude and nalUre of the severe local sionn hazard . Not until the pioneering 
work of McKay and Luwe in Western Canada during the mid to late 1950's was 
any progress made in understanding the scope of the tornado problem in this 
country. Not until 197 [ wa.~ the tirst attempt made to examine Ihe climatology and 
impact of all types of severe storm in the context of " all -hazards-at-a-place" 
(Hewitt and Burton. 1971) . The first summary of the scvere local stonu season on 
a national scale was for the year 1980 (Newark , 198 1). 

Tomadoe.f 
Before 1978. Before the first AES volunteer weather watcher network was 
organized in 1978, tornado (and most other severe local SlOnn) infonnation was 
coHee ted in an intermittent and infrequent fashion and was usually published in the 
fonn of a casc study. Dala gathering was mainly an individual effort. As a result 
there was no clear picture of the climatology of tornadoes in Canada; nor was it 
known how they related to the general physical controls of weulherand climate ; 
and little was known about their impact upon society in tem}s of damage, injury, 
and death. 

In the late 1950's a determined individual effort was made to S1..'Ck 
infonnation from unconventional sources concerning the climatology oftomadocs 
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in Western Ca.nada (McKay and Lowe. 1960). and similar individual auernpts 
were begun in thcearly 70's to eltpand the infonnation for particular regions (East, 
1974; Huge, 1987; Milton and LaDochy. 19R I; Newark. 1977; iilair and Paul , 
1982; Raddatz el al., 1983: Shannon, 1976), and for the country as a whole. 

After 1978. After the AES volunteer weather watcher network was organized . 
severe stonn statistics were routinely col lected by Regional Weather Centres 
mainly for the purpose of verifying severe local stonn watches and warnings. This 
institutional activity cOlltinues and annual reports l:ontaini ng climatological 
statistics are regularly pr~pared by the WcathcrCcntres. At the AES Headquruters 
leve l. the tornado project of 1982 resulted in the first national climatology of 
tornadoes in Canada (Newark, 1984), 

Hail 
Ln 1956, the Stornw Weather Group at McGill University initiated (at therequest 
of the Alberta government) the first intensive regional study of hail in Canada. 
Known as the Alberta Hail Studies ProjCCt (ALHAS), its major goals were to 
gather detailed infonnation on hait climatology and hail dynamics. As a result of 
the project (whk:h was tenllinatcd in 1987), there is today an elt te llsive knowledge 
of the structure, behaviour, climawlogy, and impact of hailstorms in iI pan of 
Alberta (Wojtiw 1975, 1981). However, statistically conclusive evidence of tile 
ability to modify hailstonns has been elusive. 

The Saskatchewan Hail Research Project (S HARP) was initiated in 
1973 by A.H . Paul of the University of Regi na . He made the point that 
Saskatchewan alone suffers 10% of the Wtal crop-hail losses in North America, 
and published the results of 5 years of data gathering in the southcastern ponion of 
the province (Paul, 1980). 

For other regions in Canada. very liute is known about the magnitude 
of hail swaths, the distribution of hail size, the temporal and spatial characteristics 
of hai lstonns. the frequency of scvere hailstonns or their impact upon the 
economy. The fact however that severe hallstonns (with hailstones of golf ball size 
or larger) occur annually in many parts of the country is clear from the anecdotal 
evidencc. 

Locally Heavy Rain 
Agencies concerned with hydrometeorology have shown an interest in gathering 
infonnation concerning extremely heavy local downpours. The collection of this 
type of data is usually res tricted to individual cases. Early case studies were 
typical ly anecdotal, but since 1961 an informal agreement between agencies 
including AES, the Inland Waters Directorate, and various provincial water 
resource groups has resulted in "bucket" surveys (i.e. quantitative rainfa ll 
estimales made from the contents of whatever containers can be found, and 
s~stematic mapping of rainfall areas and limes of occurrence) of the more 
damaging events. TIle results of th is type of work are available in publ ished fonn 
(Environment Canada, 1984 for eumple). 
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Some literalure concerning Ihc regional climatology of locall y heavy 
rain ex ists (e.g. Storr 1963 . Wojliw and Versehuren , 198 1) and national lists of 
days with locally heavy summer rains have also been made (e.g. Newark et al. , 
1987). 

Of all the various clements of the severe local stann, locally heavy 
rain is thc most amenable to study by means of radar. While AES nmintains an 
archive of digital radar data which is cycled every five years when the storage tapes 
are filled , there is no radar climatology progr.m1 such as that proposed by Hogg 
(1 978) 10 analyze the stored data . 

Damaging Tllllllderstorrn Winds 
Data concerni ng this type of non-tomadic stoml are very sparse. Some anecdotal 
infonnation is available from uncon ventional meteorological SQurces such as 
newspapers, and some case studies of damage have been made. Since the late 
1970's, AES Regional Weather Centres have compiled frequency statistics 
(mainly from newspapcrc1ippings. but also from volunteer stonn watchers and 
field investigations) as a result of thcir severe weathcr waming veri fication 
acti vi ties. Rudiment~ regional climatological analysis of such statistics has I:x.'cn 
attempted (e.g. Newark 1982, 1983), and nationallisls o f days with damaging 
winds have also been compiled (Newark elol., 1987) . 

INfORMATION REQUIREMENTS 

Public injormatiOfI 
During the past decade there has been a growing public demand (or infonnation on 
the characteristics and climato logy ol'severe local stonns and particularly 
tornadoes. In general , the areas o f interest can be categorized as follows: 

1. Emergency Prelmredness, for example, the development of 
contingency plans on different scalcs (ind ividual, insti tutional . 
community, provincial, national); flood forecasti ng and water level 
management. 

2. Public Education , for example, media programming and an kles; 
school and university project~; publ ic lectures and talks . 

3. Building Codes, for example. the Fann Code, Provincial and National 
Building codes ; the design of hydrologic structures. 

4 . Legal and £collomit'. for example , the insurance industry requirement 
fo r damage probability. Liability litigalion. 

5. Energy, for example., the dc.~ign of electrical transmission lines; the 
risk to nuclear energy fac ilities. 
Clearly, not all of these demands can be met at a regionallcvel. Even 

when they can , there is sometimes the requirement for a national perspective in 
order to help the user to bener understand the problem at hand. 
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Watch and Warning Verification 
There is an ongoing requirement for statistics in order to verify warning programs. 
At present there is no national standard for collecting the data used to estimate such 
stat istics. nor is there a common data base or archive. As a resull . verification 
statistics (and the climatology of severe storms which is based on such statistics) 
are incompatible from one AES region to an(l{her. There is also difficulty in 
dealing wi th events which straddle regional and intcrnational boundaIies. These 
problems have been recogn ized for some time, and were identified by Lhe AES (at 
the first national Workshop on summer severe weather in January 1988) as items in 
need of action . 

Research 
There is a need for research in order 10 understand: (a) the behaviour of severe 
stonns in relation to each Dlher (for example, is damaging hail more or less like ly 
than to rnadoes, and if so. where and when); (b) the behaviour of Canad ian severe 
stonns in a North American context; (c) to relate the climatological behaviour of 
severe local storms to other climatological variables in order to beller define thc ir 
temporal and spatlallikeJi hood; (d) the effect of cli matic change. 

Although LaDuchy (1985) related the climatology of severe storms in 
Manitoba to the synoptic weather conditions conducive to their devc!opment , 
there is very little of this type of research being carried out at present. cither in 
uni vcrsities or by governme nt agencies. II should be noted, however, that the 
Albena Research Council recently began exploring ways of establishing a 
mesoscale research centre in their province. 

Impact Monitoring 
There is a need to monitor the impactof severe local storms primarily to detcrm ine 
their effect upon the Canadian ecollomy and the security of Canadians (thUS 
finding the best way of responding to tnc hazard), and secondarily to help 
detennine the effectiveness of AES warn ing programs in tenns of cost and util ity. 

SUMMA ltV 

As yet, the re is no overall co-ordination ofthe collection of severe local stonn 
statistics to ensure uniformity of the data bases, to identify the objectives of the 
collection acti vities, or to analyze Ihc data and impact" on a national scale . Nor 
have the data used in the AES tornado project been updatcd. The longer this 
si tuation continues, the harder it wi ll be to reconcile the diverging activities of the 
various agencies and to make up for lost ground, and the more difficull lO respond 
to a grow ing user demand. 

Hand in hand with the need forco-ordinated severe storm activities, 
there has been a growing interest in tornadoes and an increasing public demand for 
tornado data for a variety of uses. The great value of knowledge of severe stonn 
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return periods, probabil ity, distribution, magnitude, severity etc., to the economy 
and security ol"Canadians is ind isputable even if il cannot be quanlifi icd. 

I'ROI'OSA I. 

In o rder to properly understand the scope, nature, and effeet of sevcre local stomlS 
in Canada, a large and complcx task awaits. The collection , archiving , analysis 
and d issemination of severe local s(()nn data are activities which should be carried 
oul in an o rganized , co-operative fashion by all participants . It will be necessary 
(a), to fe-examine the methods by which data is gathered, (b) toestablish aeentml 
data bank and (e), to establish the·mcchanilims that wi ll foster co-oper'J.tion and 
allow the exchange and d issemination of ideas, research resulls, and infonnation. 

To faci litale these ai ms, a number of initiatives arc proposed as 
follows: 

I. bring Ihe participants togethe r by means of a special interest group , 
(for example, a CMOS special interest group) and by means of regular 
workshops. seminars and training courses; 

2. identify the users of the infomUltion; 
3. define the terms and objectives of the activities; 
4. develop common data base fomlats; 
5. establish a ccnl.ral archive; 
6. establish centralizeu co·ordination of the procedures; 
7. establish a vehicle for the dissemination of infon llation; 
8. develop international co-operalion, and liaison between participating 

agenc ies. 
The results of such activities should be easil y accessible and readily 

available dala selS of good quality that can be applied 10 the diverse needs of 
society. 
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II ISTORICI\L MI LESTONES 

1613 - Champlain repOrted a windfall of uprooled l«t:S . 

1763 - Captain Cook reported waterspollts on Queen Cl\arJOlle Sound. 

1792 - First report of a tornado in Canada (in Ihe Township of Thorold, Ontario). 

1826 - !"irSt eyewitness report of a tornado in Western Canada (in present day Winnipeg. 

Manitoba). 

1829 - Firsl eyewitness report of a tornado in Eastern Canllda (in Guelph , Ontario). 

1839 - Magnetic and Meleorol"gical Ob~rvatory established in Toronto. 

1844 - First repon ed tornado death (near Galt , Ontario). 

1850 - Firsl multiple deaths in a major IOmailil (near Lake Scugog, Onlario). 

1856 - North America's first published illustration of an actual tumado (in Ihe Earl of 

Soulhesk 's journal). 

I K78 - First published field survcy oftomadodamage in Canada (ncar Norwood, Ontario). 

1879 - New Brunswick's worstlomado tragedy (5 fatalities nc:ar Buclouehe). 

1884 - First kJlown photograph of a tommlo in North America (near HowaTt.! , South 

Dakota). 

1 gSg - Quebec's worst to rnado disaster (9, possibly II fal.alities near Sl-Zoliquc). 

1892 - First published illustration of Canadian IOmadodamagc (in the M,mr,.eal Witness) . 
1898 - Fint( illustration of a Canadian tornado (in The Glube. Toronto). 

1909 - Fintt known photograph ofa Canadian tornado (at O.lk Lake, MunllOba). 

19 12 - Canada's wON;t tomll<.io tragedy (28 fatalities In Regina, SaskalaehewaoJ. 

1922 - Manitoba's worst tornado oulbreak (8 tornadoes,S fmalities). 

1926 - Brili.~h Columbia's worSltornacto (damage trail 80 !un through forest terrain in the 

Caribou [cgion. no fatalitlcs) . 

1928 - The mosl la rge animals kiUed by a hailstonn (3 horses and 750 sheep kill~t.! ncar 

Constance, SaskalChcwan). 

1943 - First meteorological use of rudar in Canuda. 

1946 - O ntario's wont tornado tragcdy (11 fatalities in Windt'lx). 

1947 - f"irst published work of the SlOnllY WealhcrGroup at McGill Umversity, Monlrcal. 

1948 - At Windigo Lake, Dnlanl). unverified (but reli3ble) report uf Canada'~ largest 

known diametcrlmllstones (weight 255 g, diameter 127 mm). 

1956 - Start ofthc Alberta Hail S tudies Project (ALi-lAS). 

1957 - First tornado warning issued by the CiiJladian Mcteorological Service (by the 

Forecast Office in Toronto for southwestern Ontario). 

1960 - Firsl published climatology oftornOOocs (by Lowe and McKay for Western Canda). 

1963 - Weathcr satellite pictures first received . 

1968 - Firs t geo~tal jonary satellitc pic tures received. 

1971 - Fi rst pub lished work 10 exl:tmine tile climatology and impac t of sewre local stonm 

in the context of all hazards at a pl::ace (by Hewin and Burton. Uni~er.; ily of 

Toronto) . 

1973 - Saskatchewan Hail Research P roject (SHARP) staned by A .H. P..iul of the 

University of Regina. 

- Thc first network of hailpads used ror hail research in Alhcna. 
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- Near Cedoux , Saskatchewan, verified observations orthc helwiest known 

hailstones (weigbt 290 g, diameter 102 mm) in Canada. 

1978 - First volunteer "severe storm" watchers recruitl!d by the Atmospheric 

Environment Servicc. 
1981 - A hailstorm in Calgary, Alberta (wi th damage costs eXL-ecding $ IOO million, tllis is 

generaUy acknowledged as the must damaging hltiistoml in Canada). 

1984 _ First Ilat iona.l climatology oflOmadoes (by Newark). 

1985 - Large~t kltOwn tornado outbreak (12 occulTed in southern Ontario, and one in 

neighbouring Quebecon May 31, 191:15, naJTOwly excccdinga one·day outbreak of 

12 10madoes insouthem Ontario ill 1968). 

- At Parkman, Saskatchewan, 380 mm of rain in J 8 houn; is the grcate~1 documented 

rainfall fmm a thunderstorm complex in Canada. 

1987 - Albena 's worst tornado tragedy (27 fatalities in Edmol\lon) . 

- First published national map of hail climatology. 

J 988 - First national workshop on severe local Storms (at Centre Meu:oroiogiquc dll 

Quebet, Montreal). 
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Prospectives d ' un changement 
cJimatique du it un doublement de C02 
atmospherique pour la distribution 
forestiere du Quebec-Labrador 
Bl!aw(1n Singh 
Departement de geographic 
Univcrsilc de Montreat 
c.P. 6128, SUl..'cursaie A 
MonuiaJ (Quebec) H3C 3J7 

rManuscril re!;u Ie 18 avril 1988; 
en fonne rcvisee Ie 3 dcccmbre 1988] 

roIiSTII.A.CT 

This study evaluates the potential areal displacements and growth rate .:hanges of the major 

forest conununitil:$ ofQucbc<:-Lahrador following a cJimate change due to a dOUbling of 

al.Jnrn;pheric COl. Area changes arc deduced using the Holdridge Life Zone classification 

whereas changes in the growth 1"',1Ie of Ihe boreal forest an: .. :1ilcuJalcd using a method 
suggested by Kauppi and Posch (1985) for Finland. The GFDL (A) and GISS tS) dim:uc 

change scenarios arc used. According to our result~ major non hward displaccment~ and o.rea 

changes are \0 be c-xpcclcd for the main fOI"t:s t communi ties of Qucbt:c-Labrador , For tht: 

boreal forest d~reased acreage is likely Ii) be compensated ru r by increased growth rates . 

Celie etude porte sur les depJacemcnts pOIcnticls. en terme de supcrficie, et le~ changcUlcnL~ 

du taux dc croissance des majeures ecosystemes forestiers du Quebec-Labrador, sui\lllnt un 

changcment climatique dii 3. un doublemc:m de C02 atmospherique. Lcs changemenL~ de 

supcrficie sont doouits a pan du systcme de classification ecoclimulique selon Holdridge 

(1947), alors que le~ changements du IIlUX de croissance de la foret boreale sont calcules 

selon une methode dcvclopp6e par Kauppi CI Posch (1985) pour la Finlaode. Les scenarios 

d' un ehangement cl imatiqUt: GFDL ct GISS om e!te utilises. Sclon nos resullats, des majeurs 

deplacements meridionaux et des mujeures modifications de superficie 0011\ altcndus pour 

Ics principaux ecosy~temes forcsliers du Quebec-Labrador. Pourlll fOrCt boreale , la perte de 

superiicic de\lmil eire comperL..ee par un plus grand taux de croissance. 
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I NTRODU C TIO N 

Un doublement possible de C02 atmosphcriquc pouTmit avoirdcs consequences 
importantes pour la vegl!Lation foreSlicre (Solomon et West, 1986). Dans ceue 
etude on va cssayer d 'cvaluer les impacts d'un changement climatique provenanl 
d'un doublement de C02 atmosphcrique au niveau de ladistribu lion spatiale des 
majeures zones fo rcstieres et en second lieu au niveau des changements du taux de 
croissance de la foret boreale pour la province de Quebec et Ie Labrador. 

Milltodologie et sources de donnees 
Afin d 'evaluer les impacts potcntiels sur les wnes forcslicres du Quebec d 'un 
changemem c1imatique dli it un doublcment de C02 atmospherique. on a retcnu 
deux approche .... En premier lieu , on a adopte Ie systeme de classitkation des 
zones ecoclimatiques (Life Zone Classification) scion Holdridge ( 1947, 1964). 
Ceci est utilise pour lester la sensibilitc de la distribution des ecosystemes 
forestiers de la province de Quebec aux changements climaliques. 

Dcuxic.mcmcnt, on a utilise une methode suggcree par Kauppi et 
Posch (1985) pour evaluer la productivitc de I'ccosystcille boreal de la province de 
Quebec, par suite d ' un changement c1imatique. 

Les donnees de base pour effectuerccs etudes d'impacts climatiques 
sont les temperatures etles precipitations nonnales (195 1- 80), leurs changements 
scion un doublement de C02 atmospheriquc, et les valcurs projclces Je 
temperature etde precipitaiion (2 X COl) pourla provincedc Quebec , d 'apres les 
mode les GPDL (General Fluid Dynanlics LabralOry) de Manabe et Stouffer 
(1980), scenario A ici , et GISS (Goddard Institute fot Space Studies) de Hansen f't 
ai, (1983), scenario B. 

A partir des trois variables climatiques, In biotemperature moyenne 
annuelle (BT 0q, la moyenne de la precipitation totale annuelle (PA , rum) et Ie 
rat io d 'evaporation potentieUe (REP), Ie schema de Holdridge pennet d ' identifier 
trente types d 'ecosystemes forestiers. Celie classifica lion vegetale a etc caJibree 
par Holdridge ( 1947 , 1964) el pard'nutres cherchcurs (Sawyer et Lindsey, 1963; 
Steila, 1966) dans des diverses regions du monde. D'ailleurs Emmanuel et al. 
( 1985) et Solomon (1986) ant dCmontre que- Ic systemc de classification 
ecoc limalique de Holdridge est une excellente methode pourevaluer I' impact des 
changements climatiques. du.s Ii une hausse de C02 atrnosphcrique, sur In 
distribution spatiale d 'ecosystcmes forestiers, surtout a cause de sa facilitc 
d 'upplication . 

Dans cette ctude , on a developpe un algorithme pour calculer les 
differents types d'associations veg~hales qui convicnnent d'apres Holdridge aux 
valeurs specifiques des indices ST, PA et REP. BT estla moyenne des 
temperatures mensuelles, PA la sommation des precipitations mensuelles, et 
(Holdridge 1947, 1964): 

REP = SH.93 x BT 
PA 

( I ) 
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ou la valeur 58.93 representc uneconstantede proportionalite. Lc REPeSldonc un 
indice de J'humidite effective. Etant donne l'absence des montagncs imponantes 
au Quebec. on a neglige iei la correction al titudinale de Holdridge. 

Ccs indices (BT, PA CI REP) sont calcules des donnees nonnales de 
195 1-80 et des valeull) projelees (2 x C02) pour les deux scenarios, A (GFDL) et 
B (GlSS). A panirde ces rcsuhals, des diverscs canographics de la disrribulion 
spatiale de In vegctalion forcst icre de la province de Quebec som produilCS. 

Le deuxieme but, c'est viser a la productivite de J'ecosystcmc roreslier 
boreal de la prov ince de Q uebec qui occupc prcsenlemenl la region e ntre 48"N et 
55°N (Morisset et p..tyettc, 1983). La forel boreale a etc retcnuc en rai!<K)n de son 
importance commerciale el en raison de la d isponibilite de donnees. 

Scion Kauppi el Posch ( 1985), la productivitf: des ecosystemes 
forc·Sliers sur une grande echelle esllimitcc par la teffipCr.lturc el non par 
I' humidite du sol. En se fiant a ceUe hypothese de dcpan Kauppi el Posch (1985) 
ontdeveloppc une relation simple entre la temperature et la productivi te de la foret 
bureale de Finlande. lis ont introduit un modele de regressio n lineaire qui calculc 
la magnitude du changement de productivite de la forct borcaJc selon Ie 
changement de la somme annueHe de la temperature effective (ETS, degres­
jours), ce qui est definie comme Ie cumul total des temperatures diumes moyennes 
qui tlepassaient une temperature de 5°C. 

Scio n Kauppi et Posch ( 1985) Ie ETS devrait incorporer dcu;t( facteurs 
imponants qui influen t sur la productivite forestiere, soit la longueur de la saison 
de croissance etle niveau d'activite (croissance) diumc de r ccosysteme de la 
saiSOll de cro issance. 

Kauppi et Posch (1985) ont developpe une equation de regression 
lim!aire qui calculc Ie taux de croissance vegetale (G: "Trec growth ratc" en 
m3 ha- 1 aonee- I) a panirde ETS. Celie equation, qui est dedu itc de la distribution 
des points de la Fig. I , s'ecrit ainsi: 

G = a X ETS - b 

au a = 0 .0066 135 el b = 3.6 11 57. 

L 'cquation (2) s 'applique facilemenl a des etudes de produClivite 
n!gionale, etant donne qu'elle decrilla croissance regionale de la foret el no~ 
sculementla croissance individuelle des arbrcs. 

(2) 

Toulefois, la prodUClivitf: forestiere n 'est pas aUribuable sculement 
aux caraclcristiques climatiques, mais aussi aux conditions wapltiques, et aWl. 
methodes d 'amenagement fore stier . Aussi Ie nuage des points de la Fig. I se limite 
aux taux de croissance (G) de 5.2m3 /ha lanneeet aux ETS de 1300 degres-jours 
environ. Pounant dans notre cas, les vaieurs de ETS et de G (tableau 3) depassaient 
ces valeurs maximaies , sunout pour les donnees projetees. Ceci attesterait aux 
problemes de recherche en ce domaine et il serait souhaitable de developper les 
indices dc croissance pour Ie Canada, tout en adoptant I'approche de Kauppi et 
Posch (1985). Cependant en raison des hausses s ignificalives de la precipitation 
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projetce pour Ie Quebec, cc qui augmenterait Ie 13UX de croissance, on a fail une 
extrapolation lineairc dans la Fig. I. II semblcrair que la relation entre G et ETS 
devrdil su ivre une equation cxponentiel le decroissanle, comme Gates (1985) a 
re rnarque en ut ilisant des simulations et des observations sur des petites plames 
dans un environnemenl contn")!e. 

D'ail lcurs , I 'application des indices de regression tic I 'equation (2) 
developpee en Finlande aux condilions qUl:becoises n'cst pas loul a fail irrealiste. 
L'eludc canad ienne In plus complete au niveau de la croissance de la foret boreale 
est par Joz.~a et at (1 984). Cene etude portail sur 13 largeur (mm) et 13 densite 
(g cm-]) des anneaux des acbrcs. Ainsi les paramelfes de croissance de Jozsa et at 
( 1984) n'ont pas les memes unites que J'cquation (2). Etant donne les 
caractcrisliques climatiques el edapbiques similaires des deux pays, J"adoption dc 
I 'approche fi nnoise n'esl pas lout a fait sans meri te. Aussi dans ceue etude n(lUS 
avons m!gligc les adjustcments de continentalitc. de Kauppi el Posch ( 1985), 
conside ranl qu ' une bonne panie du Quebec-Labr<ldorchevauche I'ocean . 
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RtL\'UftalS 
En general, les zones biogeogmphiqucs actuelles du Quebec, selon Ie Service de 
Recherche en Sols, ministere de l'Agriculture, 50111 sensiblement similaires aux 
zones ecoclimatiques de Holdridge, pour les conditions normales d 'apres les deux 
scenarios(Fig . 2aet Fig. 2b). Par cxemple la foreuempCrCe froide Ires humidc.de 
Holdridge (Fig . 2 .. et Fig. 2b) correspond aux zones occupCes par les (orelS 
erabliercs ellcs forels sapin ieres qui sc trouvent dans l'c:-;tremc sud dc la province, 
soit dans les Laurentidcs et les basses lerres du SI-Laurent. Celte correspondance 
generale pennet de procoocr avec con fiance a 1 'application du schema de 
Holdridge. 

En compar'dnlles zones ecoclimatiques de Roldridgc pour les 
conditions climatiques nomlales (Fig. 2a et Fig. 2b) avec celles pour les conditions 
c limatiques projetees (Fig. 3a et Fig. 3b), il liemble qu' il y auralt des chll.ngements 
potemielli imponanls au niveau de la distribution spatiaIe (tableaux I et2) . 

POUf ce qui est de la wne forestiere toundra subpoJairc pluvieusc. il 
dcvrait y avoir une baissc de supcrficie importantc selon Ics deux scenarios. 
(tableaux J et 2 el Figs. 2a , 2b, 3a et 3b). O'autrc part, III zone foreslicre toumlr-d 
subpolaire tres humide devrail baisser modcrement en supcrficie scion Ie scenario 
A et d ie Llevrail Ll isparllilre curupl t:tc.1l1t!1I1 SdUlI Ie: sCc!JJlIl'iu B. 

Pour la forel borcaie pluvicuse. elle devmit disparaitre completemcnl 

" ... II I. F.'" U J. Changements des pourl:cnlagcsdc S Upr:rfiC Ie!tlesdiff~n!e5 wne~ forestieres 
pour Jcs de ux sciuarius . 

SCENARJOA SCENARIOB 

Nomlalc I'rojcte Variation NOfmale PrO~h~ Variation ., % % ., ., " Toundra subpolaire 10.3 0.' - 91.8 4.6 - 100.0 
pJuvicl.J.5c 

l'oundm subplliairc 16.6 9.3 44.2 2\.7 - 100.0 
uis humide 

ForC! borealc 9.6 - 100.0 
pju~ leusc 

Fore l boreale 4if.6 46.0 - 5.3 58 ,\1 35 .6 -3!l.8 
trh humide 

forel boreale 12.1 
humide 

Foret temperCe 15.0 32.3 114.9 14.9 40.2 170.3 
fmilie. Iri:s humide 

FOrCt tempen.'c J 1.7 12,0 
froide hUmiOc. 

N,B . 100% "" 1.5 15 .233 Km1dcleJTe {normaketprojc rc ) 
Variation = projeu:'-nonnalc)l 100 

nonnale 
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alors que la foret boreale tres hum ide devrait baisser lcgcrernent en superficie. 
selon Ie scenario A. D'autre part , Ie scenario B projclc une baisse de superficie 
modcrec pour la roret borealc Ires hUmide, mais une legere haussc de supcrficie 
pour In foret boreale humide (tableau I et2 el Fig . 2a, 2b, Ja cI 3b) , 

En ce qui concerne la fore tlcmperee mixte d 'arbres francs, il 
semblerait qu 'i] y aurait une augmentation importantc de la forct temperee froide 
Ires hum ide (d 'apres Holdridge), selon les deux scenarios. Pour la forel lemperee 
fro ide humide, qui n 'ex istait pas selon les donnees climatiques nomlales. il y 
aurail des hausses de supcrficic tres importanlcs selon les deux scenarios (tableau:" 
1 et 2 e l Figs. 23, 2b, 33 et 3b). Ces resultats sont scmblablcs a ceux trouves par 
d'aulres chcrchc urs qui o nl utilise une approche sembi able (Solomon ct West, 
1986; Solomon, 1986; Shugart et al., 19H5) . 

n semblerait done que d 'apres Ie systemc de classification 
ecoclimatique de HOldridge la supcrficie de I'ecosysteme wundra subpolairc, yui 
occupe actuelle ment I 'extreme nord de 1<1 prov ince, soit la region au nord de In 
55 ieme paraJlelc cnviron (Fig. 2a cl Fig. 3a) devrail se diminuerconsidcrablcmcnt 
scion Ie scenario A, ct completcmcnt scion Ie scenario B (tableau 2). 

Pour ce qui est de 13 foret borealc qui occupc presentemenlla region 
latitudinale entre 48°N environ ct 55"N cnvimn (Morissel et Payette, 1983), il 
sem,blerait que la superficie lotale diminuerai t cOlisidcrablemcnl aussi, selon les 

rA IIl.fiA \I 2. Changements nelS de supcrficic des di ffcremes wnes fo r~licn:s 
p<)ur !c.~ lIcul<; S<.inarios. 

SCliNARJOA ScENARtOB 

Normale.~ Projetee.~ Variation" Noonalcs Projclces Vwrialion" 
( IOJKm') (lOJKml ) (tOJ Km') «(OlKm") (JO!Kml) ( WJKm') 

Toundra ~ubpoJai rc ' 56 12 - 143 '" '" plu vieu!IC 

Tournjra subpoJaire 25 1 , 4<) -110 J28 - J28 
Ires humide 

FOril bm-eaJe ' 45 '45 
plUvleUiie 

Farel borealc 135 6" ~" 892 m ~Jj' 

ui.'; humide 

Foret borealc 186 18' 
humide 

Fore! tcmpCTcc 227 <8, '" m "" 38l 
froiuc, Ires humide 

Forellcmperee 17' 17' 182 182 
froi,je humide 

.. vilri/Ili!)n co projerCe flOrmalc 
N. B. SUpcrficie wIlIl!le lerredc la province de Qu~bec el du Labrad<lr: L,5 15,2J3 Km'. 
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deux scenarios (tableau 2). Dans lesdeux cas (scenarios Aet B) , il y aurai t 3ussi un 
deplaccment vcrs Ie nord de [a foret borea[e . qui envahisserait [es regions 
anterieurement occup6es par [ ·ecosyst~ne loundra subpolairc. 

Fina[emcnt. en cc qui conccme Ja forct telilperee froidede Ho[dridge 
(furel mixte d 'arbres francs), qui se ITOUVC presentemenl dans ['extreme sud de [a 
province, i[ dcvrait en avoir une hausse de superticie Ires importanlc d'apres [es 
deux scenarios. Dans [es deux cas [a foret temperce se deplaeefail vers Ie nord 
en vahissant ains; les regions anterieuremcnt occupCcs par la foret boreale. 

TOUICfois , ces baisses de superficic de [a forct bor&ile dcvraicnt eIre 
compcnsees par des hausses du taux de croissance des arbres, elant donne un 
do ub[ement de C02 atmospheriquc, sunout vu que- des haus.scs impon3mes de la 
temperature e l de la precipitation som prevucs puur ces regions (S ingh et al., 
1987). Negligcantl 'efrci direct du C02 pour I'instant, Ie tableau 3, qui est dedui! 
des isolines de ETS et de G, pour In region entrc48uN et 55°N (Singh el (It. , 1987), 
soit la region q ue la fOrCt boreate devrait occuper. demontTe des hausse.~ 
importantes dc ETS et de G, surtout it I'extremih~ seplentrionale (55 C N) ct surtout 
scion Ie sce nario B (GISS). 

l....e ETS uevmit augmenter de I'ordre de 22-27 pourcent nux 
extrernites mcridionales (48CN) el dc I·un.l re de 27 (GFDL) 350 (G ISS) pourcent 
aux extremites septentrionales (55"N) (tableau 3). D 'autre part , Ie taux de 
croissance des arbrcs devrait augme ntcr de I'ordre de 36 pourcellt (GFDL et G ISS) 
aux extremites meridionales (48"N) el de I'urdre de 50 (GFDL) 11 125 (G1SS) 
pourcent aux extremites septentrionales (55°N) (tableau 3). 

rA n I r" .... u l . Too~ OIpprQ)lim3lirs de ETS (dcgfis-jOUcsjel J~ G tm' /ha lann.ce)pourla foril borealc 
sckm Ics lemperawrcs normaJcs ( 1951-80) et Je.'~nanos A (GFDL) eI B {GlSS). 

Latitude Nomlalcs i'mjcltes Aogmenlatioo 

GFDL GISS Gmt. GlSS GFDL GISS 

fITS G ETS G ETS G ETS 0 ETS G ErS G .l:.TS G ETS G 

48°N 2250 II 2250 II 2750 15 2850 IS j()() , 22% 36% 600 , ,,% J6% 

55~N 1100 , I~~ , 1400 6 1800 9 JOO 2 27% 50'i> 600 , 50% 125% 

Tuulefois • .selon la Figure I . de.~ valcurs de ETS au-de[iI dc 1300 
dcgres-jourf> et de G au-dela de 5.2 m l fhafnnnCe sont ince tUines et e llc.~ devraient 
done elre interpn!lees nvee reserve . 

Cependant, d'apres Gates ( 1985), s i I'on ajoute I' influence dirccte 
d ' un double mcnt de C02 atmospheriquc a ees analyses, Ie taux nel de fi xation de 
carbone et done de la croissance des arbres pourmit s'augmenter d 'un taux 
ndditionel de 25 it 50 pourcent. Les projections du tableau 3, merne si eltes sonl 
ineertaines, ne sont pas tout a fai t iCTi!alisles . 
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DISCUSSIONS 

O 'apres Ics resultats pn!SCnleS, cIanI donneun doublcmenl<le COl atmosphcrique, 
iI semble qu 'il y aurail un deplacemem vers Ie nord des ecosyslemes foreslie rs du 
Quebec (Fig. 3a el Fig. 3b). En memc lemps, il semble qu' iI y auraLt des 
moo iJications imponantes des zones foreslicres actuelles ainsi que des 
changements imponants du taux de-croissance de 13 foret borenle. 

Elanl donne l'imponance commerciale dc 13 forel boreale, sunout 
pour les industries de la pale et d u papier et du bois, ces pertcs significalivcs de 
superficie. SI cUes se praduisaienl , pourraicnl avoirdcs retombCcs 
socio-eeonomiques tres importantes. surto ut ou ces industries sonl fortes, par 
exemple. dans les regions de Trois-Rivieres-Lac SI-Jean et Val d'Or-Abitibi. 

Cependant, pour la foret borcale, el fort possiblcment pour la fore! 
tempi:ree mixte. il y aurait aussi des changements importants du taux de croissancc 
des arbres (tableau 3). Ces hauts taux de croi!lsance pourraient aussi influer sur 
I'im.lustrie fores tiere de la province de Quebec. 

Si Ics eeosystemes tempCres d 'arbres francs s' installaient dans lu 
province , 3. mesure que projelenlle!> deux scenarios. les retombees socio~ 

econo miques s'avcreraie nt Ires imponantes . ees modifications pourraient 
stimuler I' induslrie forest iere a chercherde creer des nouveaux usages d 'arbres 
francs . 

Au~i, en raison de Ja hausse des temper.ttures surtout. et des 
precipitations projetees pources zones (Singh e( al., 1987), il cst fon probable que 
la frequence des feux de forels ainsi que les operations liCcs a In coupe et au 
lranspon du bois soient affectees. Les consequences ceonomiques de ees 
changements potentiels dans I ' industrie forestiere devraient clre considerCcs . 

Toutefois, ce nc sont que des changements potenticls, bases 
essentiellement sur les conditions climatiques. Pour avoir une analyse plus 
comprehensivcet plus complete, il va fanoir tcnir comptc d 'autres faclcurs leis que 
les conditions edaphiques. les taux de migration et de generation de differentes 
communautes forestieres , etl'influence dircete d 'une hausse de COl 
atmospherique sur la croissance foresticre. D'aillcurs, les changemenL; 
climatiqucs pouITniem bien influencer Jes epidemies d'inseetes el de pathogenl!s . 
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News and Comments 
Nouvelles et commentaires 

CANADIAN SOCIETY OF AGROMETEOROLOGY 

The Canadian Society of Agrometeorology (CSAM) held its third Technical 
Session and second annual business meeting on Tuesday , August 23 , 1988 during 
the 68th annual conference of the Agricultural Institute of Canada held in Calgary, 
Alberta . The attendance varied from 20 to 34 people at the Technical Session , 
during which 15 papers were presented. There were about 15 concurrent sessions 
held by other scientific societies that same day, most with comparable attendance 
figures . 

The CSAM will hold another Technical Session and annual business 
meeting at the; 

Agricultural Institute of Canada (AlC) Annual Conference 
at 

McGill University, Montreal, Quebec 
July 9- 12,1989 

The link between agrometeorology and the AlC Conference theme of " Trade and 
Development" may be indirect but the presence of over a thousand scientists 
interested in various aspects of agricultural research and development shou,d 
provide an ideal forum to present and share information about our end of the 
discipline. The Agmet Session will include papers on research , extension and/or 
service activities in areas from micrometeorology to climatology. Whether dealing 
with advances in concepts or with applications to agronomy, pest control, 
engineering or others, we hope to use this opportunity to make ourselves and 
others aware of our activities and familiarize ourselves , at the same time, with 
what is happening in the agricultural industry in Canada on a larger scale . 

For further information on the CSAM Technical Session at AIC Montreal , contact; 

Dr. Peter Schuepp 
Department of Renewable Resources 
Macdonald College of McGill University 
Ste. Anne-de-Bellevue, Quebec H9X I CO 
Phone; (514) 398-7935 

For more infonnation about CSAM contact: 

Peter Dzikowski , P.Ag. 
Secretary-Treasurer, CSAM 
c/o Alberta Agriculture 
Room 206, 7000-113 Street 
Edmonton, Alberta T5H 5T6 
Phone; (403) 422-4385 
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TWENTY -THIRD ANNUAL CONGRESS, CMOS 

Atmospheric and Oceanic Hazards: Modelling and Observations 

The Rimouski Centre of the Canadian Meteorological and Oceanographic Society 
(CMOS) will host the Twenty-Third Annual CMOS Congress 6- 9 June 1989 at 
Universite du Quebec a Rimouski . Rimouski, Quebec. 

General theme 
January I, 1990 will see the beginning of the Hazard Reduction Decade. The 
United Nations General Assembly has designated the 1990s a decade in which the 
international community will pay special attention to natural disaster reduction. 
The Rimouski Congress follows this theme. 

Special sessions 
Besides the usual sessions in meteorology and oceanography, there will be special 
sessions on atmospheric and oceanic chemistry. biological oceanography, lagoons 
and bays , the Hazard Reduction Decade, JGOFS and WOCE, the St. Lawrence 
system, Hudson and James Bays, and EI Nino. 

The venue 
Rimouski is located on the south shore of the St. Lawrence Estuary, near the Gaspe 
peninsula. The nearest airport is located in Mont-Joli (with limousine service to all 
major hotels in Rimouski) . The local institutions include Ie Departement 
d'Oceanographie de I'Universite du Quebec a Rimouski, (DOUQAR),I ' lnstitut 
National de la Recherche Scientifique (INRS-Oceanologie), I'Institut Maurice 
Lamontagne (IML) , Ie groupe de recherche en Gestion des Ressources Maritimes 
(GERMA), and I'Institut Maritime du Quebec (IMQ). 

For additional information 
Contact Dr Vladimir G. Koutitonsky (Local Arrangements Committee), 
INRS-Oceanologie , 310 Des Ursulines, Rimouski, Quebec , Canada G5L 3A I , 
tel: 418-724-1763, or Dr Yves Gratton (Scientific Program Committee), 
Departement d'Oceanographie, UQAR, 300 Des Ursulines, Rimouski, Quebec, 
Canada G5L 3AI, tel: 418-724-1761. 
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VINGT-TROISIEME CONGRES ANNUEL, SCMO 

Les catastrophes atmospheriques et oceaniques: mode/isation el observations 

Le Centre de Rimouski de la Societe canadienne de meteorologie et 
d'oceanographie (SCMO) sera l'hote du vingt-troisieme congres annuel de la 
SCMO du 6 au 9 juin, qui aura lieu it l'Universite du Quebec it Rimouski, 
Rimouski, Quebec. 

Le theme 
La decennie debutant Ie I er janvier 1990 sera celie de la prevention des 
catastrophes. L'Assemblee Generale des Nations Unies a designe la demiere 
decennie du vingtieme siecle comme celIe au la communaute internationale devra 
se pencher en priorite sur la prevention des catastrophes naturelles. Le congn!s de 
Rimouski a adopte ce theme . 

Sessions speciales 
En plus des sessions habituelles en meteorologie et en oceanographie, nous 
prevoyons des sessions sp6ciales sur la chimie atmosphhique et oceanique, 
I' oceanographie biologique, les lagunes et les baies, la decennie de prevention des 
catastrophes, les programmes JGOFS et WOCE, Ie systeme du St-Laurent, les 
baies James et d ' Hudson, et EI Niiio. 

L'endroit 
Rimouski est situee sur la rive sud du St-Laurent, pres de la peninsule gaspesienne. 
L 'aeroport Ie plus pres est situe a Mont-Joli (avec un service de limousine 
desservant les grands hotels de Rimouski) . Les organismes locaux comprennent : 
Departement d 'Oceanographie de l'Universit6 du Quebec it Rimouski 
(DOUQAR), I'lnstitut National de la Recherche Scientifique 
(lNRS-Oceanologie), I'lnstitut Maurice Lamontagne (lML), Ie groupe de 
recherches en Gestion des Ressources Maritimes (GERMA) , et I' institut Maritime 
du Quebec (IMQ). 

Pour de plus amples informations 
Contactez Ie M. Vladimir G. Koutitonsky (Comite des arrangements locaux), 
lNRS-Oceanologie, 310 Des Ursulines, Rimouski, Quebec, Canada G5L 3A I, 
tel: 418-724-1763, ou Ie M. Yves Gratton (Comite de la programmation 
scientifique), Departement d'Oceanographie, UQAR, 300 Des Ursulines, 
Rimouski , Quebec, Canada G5L 3AI, tel: 418-742-1761. 
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MUSINGS ON THE NEWS AND COMMENTS SECTION 

As stated in the Foreword of the December 1988 issue of the Bulletin, this section 
of the journal has been reduced in size recently in response to increased financial 
pressures. I asked readers to react to the questions of (a) whether this reduction is 
acceptable, and (b) whether publication charges should be levied for at least part of 
the News and Comments section, for instance, comments of over half a page, or 
announcements of conferences, etc. Please send your opinions. 

At the time of going to press with the current issue, only two such 
reactions have been received, but the time interval since the appearance of the 
December 1988 issue has been very short. The intent is to summarize reactions in 
the August 1989 issue. 

Readers should be aware that the publication of items in this section of 
the journal depends very much on what comes in. Periodic requests for news 
and/or comments are made to the Editorial Board, which constitutes one source. 
The readership provides another, and there are also items which are sent to me 
from government agencies, other associations, and various scattered sources . 
Sometimes I have lots , sometimes not so many . 

The ultimate decision as to what is included rests largely with myself. 
Given the transfer of editorship a year and half ago from southern Ontario to 
Saskatchewan, it is not surprising that I receive more items from western than from 
eastern Canada. If you want to see more news from your region in Climatological 
Bulletin, then send it or give me a call at (306) 585-4223 . 

AlecH. Paul 
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