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Foreword / Avant-Propos 

This issue MficiillJy ma rks the fiOh an nivt!fs:lry of:m irnport,ulI event in th\; 
history o f [his publication. On 25 May 191-12, CMOS Countil Mccli nB No. 3 
WIlS held OIL the University ofOllnwn. One of the items on the agenda was n 
proposal to lake ()vcr a McGill UllivcrsilY public:Hioll, the Climatological 
Bul/elill, 

Professor U. Garnier of the Department orCicography slarted eB 
in 1967 as a sem i-annual " in-ho use" publication. Issm' no. I was published in 
January of that year. Outside contributions (from non-McGill aut hors) were 
fi rst accepted in 1970. For Iht' next 12 years, Pror. Garnier conl i/lUed to 
produce en o n a shoest ring budget. In all. there wen.' 32 issues containing 104 
research articles and reviews, and a number of news items. Many of the fo rmer 
were on radiat ion and heat balance. biodirmllology, and microclimat ology in 
urban ano rural sClIings. Students cont ribu ted abou t one-fourth of Ihe <lniclcs. 

When Prof. Garnier ;rm1()unccd in 1980 that he was planning to 
discontinue CD, due- to his pending n:t ircrm'nt in 1982, a number of 
climatologists from universities and I\ES contacted him. AES awa rded him 11 

small contract for the purpose of evalua ting Ihe fu ture slalUS of cn. Was th~n.: 

a need il1 Ca nada ror a nat ional publiclltion on climatology! Wh.H kind of 
topics shou ld be considered'! How would the public:ltion be supported? 

Over the nex t Iwo years, a number of people across C<lnadll were 
con tacted. An interim edito rial board was formed, incl uding representatives 
from CMOS. AES, and the Ca nadian Association of Geographers. During this 
period, th e Canadian Cl imate l'rogram was being o rg,mized at AES. a nd 
climatological associa tions were being rormed inl\lbcrtn and Quebec. On Ilu,'. 
international scene, [h e United N:u ions had sponsored the World Climate 
Conference ( 1977) and a conference on deserti ticat ion (1979). New journa ls 
appea red, including Clinrmir Chunge and Journal o/Climfltology, The 
Ame rica n Meteorological Society announced thl1t in 1983, the Juurl/a! 0/ 
Applied Me/co/'o!ugy would become the .Journal 0/ Clima/e (ifill Appli"tl 
MeTeorology, Clearly. interest in cl imate and clinllllOlogy WIlS growing, and ('13 
could fill a USeful role in providing a Canadian forum fO r reSearch, news, :lnd 
commen ts. 
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My Ijr~t cantlet with the interim board (active members at this 
time were O. Garnier, G. McKay. D. Phillips, J. Powell, W. Rousc, M. 
Sanderson) was in the fall of 19&1. At that time, CMOS was cautiously positive 
;lbout ca, but futurc fmancial and logistic;ll support was sti ll qm:slionable. 
The commitment made at the CMOS Council Meeting in Ottawa on thut 
fatefu l d ay in 1982 allowcd the interim hO<t rd 10 take its first tentat ive steps 
forward. I was asked 10 become the illlerim edit o r and establish a review 
process. Olher boa rd members and the CMOS execu tive assisted in publicity 
<lnd identifying potentia l authors and reviewers. AES pruvided logistical 
support for lite 19~] issues. 

There rema ined iJ vcry important question regardi ng CD's scope. 
What topics would CB publish? Would all submissions be reviewed? How 
could overlap with 11/mospilere-OC(!all be avoided'! After discussion with the. 
editors of A-O (H, Leight on, P. Merilccs) during 1983-1984,11 clea rer division 
OflOPICS was established . A-O wo uld publish arlick.-s describing climatology as 
a physic:'!1 system. en would be oriented towards art icles that considcr climatic 
issues as a physical system with biological, economic, soci;,l, or othcr physic.11 
eonncclio!ls. These wou ld include applied climatology, climatic change and 
variabi lity, climale impacts, climate. mod el appl ications, and regional studies 
(including oceun llrcas). 

In addition, it was the int erim board's intention to cominue C Il's 
mixed format by publishing. "Ne.ws and Comments." This section would 
include conference and workshop reviews, news of research in progre..<;s, 
COmment s on previo us artl'cles, and IlCW~ o f other orgllll iZUliullS' activities, 
inCluding the Alberta and Quchee climatologica l associations, the F riends of 
Clima tology, provincial ClimalC Advisory Commillecs, A[:S, and various 
scholarly societ ies within and outside the atmospheric sciences (c.g. gcography, 
agriculture, fores try. landscape ccok)gy and management, ew.). It was meant 
to provide a national rorum for comm unication between groups that may not 
otherwise ha ve rcgular contact wilh each other. 

Climatology has become an c .... 'rcmcly broad field or study, largely 
bcCHUSC of the gro wing inlert5t in climatic change and wl'ather/climutc 
impacts On tht: bio-physical and Socio-economic cllvironments. From its roots 
in physical gcogmphy and the atmospheric sciences, tile discipline has 
cxp;wded in sCOpe. Rescarchers actively involved in cl illlatology a nd climate­
related studies (c.g. natural ha7..ards, etc.) now come rrom divcrse backgrounds, 
including agriculture, bi o l ogj~'a l sciencc. .. , computer science, cconomil':;, 
engineering. forcstry. geology. history, human geography, hyd ro logy, 
mathematics. oceanography. and physics. I even know of;1 few psychologists 
and philosophers who have contributed to Ihis literaturc. With such diversity 
in pcuplc and topics , il is vital to have regular publicat ions, periodicals, that 
ca n provide a focus, ;H1d 11 window, on climatology. T he Clilllal(l/o1{iml 
Bullelill a~pires to be the focus and window in Ca nada. Will CI3 achievc this 
goal? 

Ciim:llotuglcalllullcllIl I Bullelin clim:otoJogique 21(2) 19li7 
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Since. 1982, CB has made slow bu t steady progress, In 19R4, the 
interim ed itorial board was disbanded, and cn now operates with a 
nationwide edi torial board established by C MOS Council. I was nominated for 
a 3-yenr term as editor in chief, In 1986, pUblication frequency increased from 
2LO 3 issues pcr year. In lIddilion , en received a J-year operming grant from 
the Nal uitll Sciences and Engineeri ng Research Council , a welcome sign of 
recognition from the Canadia n scientific commun ity, 

Over the next 5 years, 1 hope to see ell expand to 4 issues per year, 
I believe that lhis would provide the added visibility necessary for the joumal 
10 meet its goals, 

My term as editor expires this year. The boa rd is now in the 
process of searching fo r a new editor. Ilopefully. it wi ll be pos~ib le to 
announce (he selection in the OcLOber issue. 

Stell'III'l.!, Cohen 
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Some Temporal, Spatial and 
Climatological Aspects of 
Dust Storms in Saskatchewan 
Uuinc It Whmloll 
Saskatchewan Research Council 
IS Inlluvation BoulevanJ, Saskatoon, Saskll lchcwun S7N 2X):t 
and 
Allindn K. C/wkr(Jl'{lffi 
D,,:pil rtmct1t of Gc:ogrllphy, Univcr!;ity o f S;lsk:JlChc"vall, 

Sasbwoll, Suska tchewan S7N own 
[Origi nill manuscript rcccivctl29 May 1986; in n:v ised form 13 
NoV('mbcr r c)~61 

1J~"lipll e the lael lhal dUM ~wrms arc prcvalcnL on Ihe Can,tdwil Prairies. kw papt"fs 

hllVC brcn puhh~hcd \hul prllVlilc a .~y~ltnUJ1!C ~luUy 01' lhe nature and impacl u!' dust 

~1 'lrIllS. 

TillS pap ... :!' prul'idr.~ II !><;icllliJk dctiniliull. scope. migll1 lind cb~slllc;ILioll 

u rdusl ~tllnm ~ \Hlcd 10 the prairie clim1ltic cn\lirol1ll1~!l1. T IHs i~ a prctimillllry ~ICp in 
depicting Il'111pur. ,1 and spalial pallenls 01' dUM SIIIrIllS ill Sask;llchcwao. 

Dust ~turms {)u'ur III IC(I.~1 \1II1:e III a~ of'tell as five llilles pcl yc,lr, "n 

al'Cmgc, in agricullllr .. iI Sa~katchc\\lall . Mot'c tlwn len lilllCS the lIulubcr or dll~l storlllS 

tllke phicc il1 lhc lipring,$pl:cllil:<llly April ilild Muy, lhan Jnu~tlllha III0l11hs, The 

.~p;]lial p;lIlem or lIU~1 ~torlns rcvC:lt~ a low risk ill IltJrthcl'I1 agl'lcullllni l SII.~kllti:hc\\I:Jl I 

I";]ngi"g 10 Ihe highe~1 ri~k jll the ,~O tllh cell i 1";]1 ureu. The kllOwk-dgc of Ihc~c pa l l.-rn~ 

.hould !;I ci[illll~ tile control 01 ;lvpillunl,:C of such IllIp:u::l~ ot' 1I11~1 Sil)nm as Wind 

erosion wf l>OI ls, lfaliic accidents Hlld g~neral envirolllllcillal degradation, 

Biell que 11:$ ien1pCll!ll lie pou~,'ili:-re :;()I~nl rrclIUCIlI~l> Ihilis !:i prairie elilladielllle, p'-II 

d':Jf!lele) eOIlCl'rnalli I'clude ~yslclllahquc Ilf !em na ture Cl de lellf irnp:!cl unl etc 
publics, 

eel .. rhell' dc!inll un C<ldre "~l'l~nl i liquc puur r clude d~s 1 ~lllpCt.:~ tk 
pU\ls~icrc qui e,~t adapte it l'cllvirtlllnCI1lCnt cl ' I11Ulitju,: dl! 1:1 prairic, 1.'1 cn CX:.IIIlIIIC les 

lIspeclS suivant~: dciinidoll, r" yol) , 1'!leliOIl. originI.' CL ctas~ilic<uion , eeci col1~litu'- un 

premlCf pm. vcr~ la lI~"St:" pLU)!l tk la repartit ion l\:lI1pmelk t:l gcograplnque dc~ 

LCI1lPCICS til: pOtls~itrc CII Sask"tt:hcwlIl1 , 

I:'.L'. WIII'ol/lIIlIlII! A ,t:. CllaA!'(II'ul'lt I lIlIw Storm.\' ill ,')(t.Ikmd/clI 'w/ 5 



Lts tempetes de poussierc sc dcclenehcnt au mOllls une fois I'an ct jusqu';\ 
cinq fois 1'3n, cn Ir'loycnne, dans Ja p;lrt Ie agricolc de I:> Saskatchewan. La prooabilile 
qu'unc temp~le de poussiCrt se dcclenchc au prin tcnlp.~, en parfieuticr durant les mois 
d'nvril el I1ml, esl drl( (OIS plus grande que pour la plupart des !lutftS lIlois. L'elude de 
In repartit ion gcographique d~ lempcles de poussiere rcvcle un risque 'aible dans la 
partie nord de In Sa~katchcwan agricolc, qui va en croissant jusqu'a un risque elev~ 
dans hI panic c\'l1Irak sud. III connaissancc dc ccite rcpartihon lell1porclle ct 
gcographique dcvmit pcrlllcllre de controlef plus r .. eilement, ct I'cul-ctre meille d'cviler, 
Its impacts bien eonnus des I cmpetc.~ de poussierr: erosiOn t'olienne des sols, accidents 
dc I;;) circul.1lion, C\ degrada tion gcncruJc de J'environnemcl1t . 

I. I NTRODU CTION 

Dusl storms associated with blowing dust and soil trosion arc ca usi ng serious 
concern in the Canadian Prairits. The annual soil loss due 10 wind and wat er 
erosion is conservatively esti mated 10 be 277 mill ion tonnes (Sparrow, 1984). 
Ncarly 58 percent of this total soi l loss in the Prairie.'> is ascribed 10 wind 
erosion. Farming is suggeHcd to be one of the major activitieS affected by dust 
Stt'mnS (I'cwe, 1981). Dust storms with blowing soil pa rticles a re frequent 
during growing seasons but arc also reported during winter (Environment 
Canada, 1985; Nikiforuk and Eisler, 1986). 

There ,lI"e few st udies lhat exam ine dust storms. Goudie ( 1978, 
1983) has discussed the geomorphological implications of dust storms, 
ind uding their frequency anti distribution and exclaims that many 
climatological texts say lill ie abou l an important climatological phenomenon­
dust storms. The scientific st ud ies, including the naturc, origin and even a 
dfdinition of dust storms in the Canadian Prairies are almost negligible. Gray 
( 1978) has referred to the dust storms in th e Prairies and some or their impacts 
duri ng the thirt ics. Orgill and Schmel (1976) have analyzed the freque ncy and 
d iu rnal variation of dust fito rms in the contiguous United Stales. McCauley er 
(II. ( 198 1) provide a briel" account of the dust ~ torms throughout thc historical 
time:s on the Western Grc:lt Plains of the Uniled Staks. T hey reporl that the 
"diny thirt ies" wcrc followed by severe du!;t stormS in the [950's and again in 
the mid 1970's. Changery ( 1983) has exa mined the seasonal and annual 
episodes of dust storms in the western United S\;lICS. Nickling and Brazd 
(1984) and Brazel and Nickling (1986) studied the charactcristics of Ari7.ona 
dust storms. Anderson ( 1984) has discussed, in general , the nalure "nd Iypes of 
dust stofms as observed in the Prairit5, 

In view of Ihe growing concern about dust storms and thl! 
associated soil losses, there is an lIfgcnl need for a scientific analysi~ of dust 
storms in the Canadian Prairic. A knowledge of thcse characteristics should 
facilitate planning for Ihe mitigation or avoida nce of impacts associa ted wit h 
dust storms. There arc many im pacts of dust storms ranging fro m soil and 
crop damages 10 trafTi,· fatalities , ai r pollution and general environmental 
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degradation (Wheaton, 1984b). This preliminary study examines Ihe temporal 
and spat ial characteristics and the origin and types of dust storms in 
Saskatchewan. 

2. NATUR E, SCOPI: AND DATA AYA tLAIHL ITY 

Few books in meteorology o r cl imatology include any dd"inilion or discussion 
of dust siorms, alt.hough dust devils are mentioned more frequently. Generally, 
a defini tion of dust storms l11elllions the winds. the blowing dust and reduced 
visibi lity bIll there is no reference to any weather disturbllllce. No clear, 
generally accepted definition of dust storm as yet exists (WMO. 1983). A dust 
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hal-e also reduces visibility due to particles slIspl'ndcd in tilL' a ir. These pHrt icit's 
Ill:ly be ruiscd ~I t ~O ll1 e distance from the observer prior to the time of 
observmion. However 11 dust hal-e, unlike a dllst s torm. is 110t rlssoclaled with 
1110dt'rate \() slrong winds ami blowing clll:.L ror a sciel1lilic analysis, a morc 
precise and quantitative definition of a dust stor ill is necessa ry. Therefore in 
this puper, a dllst s torm is defined alo an ilunospheric distLlrb:Hl~~c with 
moderate (0 st ro ng winds, blowing snil p'll"licics rl nd reduced visibility to I km 
or less at eye level. 

The study area is the agricultural pari of Southern Sasb lehewrln 
lim ited ill the north by Ihe boundary of the Northern Administrative District. 
Farms :md occurrences of dust storills arc gencru lly rure norlh or this urea :IS 
indicated by lower wind speeds, extensive forest tover .• md poor soils. In 
addition. the lletwoJrk of weather sWt ion.~ with necessary data has beller 
covNagc in the agriculll1ral sOllth than "i n the north (Figure I ). 

There is no direct reporting of dust storms by the wcather stations. 
The wealher st<.ltiolls rcport blowing dust or s.wd with red uced visibilities and 
not specifically a dllst storm (Environment Cnna da, 1977). T herefore, an 
occurrence or a dust storm has been tlesignated by the authors to occur whcn 
the wCllIher s t:ltiOIl reported 1)lowing dust anti reduced visibility o r one. 
kililillctrt Dr less. Tilt: network o t w(,',I III ;:r li t:i ljon.~ Illal rcCMd lllclwing dll~l 
tlnd visibilit y dma cOIl$ists or 12 Sl:lllll1l:-; nt irly distributed aero ... s Ihe ... lUdy :1n:~ 1 

(Figure I). Vi~ibility clat:! ha ve bi:CII /lllli!lshcd illc1uctillg the IlllmlJcl' Qf d:IYs 
with blowing dust since 1977 for Ihl~c station:. (t:.llviroIlIl1CI1l Canlltiu 1977 tu 
1983). An obvious: lliind ic,lp, therefore, for a detailed analysis is the limited 
period of ' imc (seven ycars) ror which neee~sary d;lla arc readily aVflilable. 

3. rI::MPOt~AI {'I I AHM: IEI~IStl<."SOt 1>tISI S-IOI(MS 

To c\luillate the problem am.! possibly controllhe soillusses c~used by dust 
storms, ills c:.sential w eXil mine both the time and the placc ofoceurfcllce of 
d ust storms. !:loth the mean <lItllual and mean mon thly frequencies of days 
wi lh dlls t s torms imvc been ullalyzed and plolled for Saskatchewan (Figures 2 
and 3). 

T he anllual metln areal number of dust stornts was calculated by 
sIIm l11ing th~ allnllal tOlab ror 311 sta tions (t hus areal) for each year und 
dividing !he SlitH by the Ilul11ber of stut lons a~ follows. 

where : 

N 
Ya ;= (~ Daj) / N 

io::- I 

Va :J!lllual mean arcul number or dllst stnrl1l ~ 

J :0 s tation Ilumber 
N = number of slations 

( I) 

Daj =: lhe. anmml tuttll number of dust storms ul stu llon I in a given 
yea r. 
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The avui lilblc lIata ind iC:Jlc that usm'llly olle dUSI sturm \0 as: many 
as 19 l.1uSI storms occur Hnnulilly. The 1I1111uai mean areal vaillc for Ihe sevcn~ 

year period of' recoret shows thaI, o n average, dust s torms occu r 111 least o nce 
and oftcn three 10 four times an nually in agricultural Saska tchewa n. The 
Ih:qucncy of Ihe mean arcul number of days wilh dust storms, however, 
exhibits a cyclical1cnucilcy (Figure 2). There is a primary peak in 19!1 1 and a 
scooru.lary peak in 1977 and perhaps earlicr. The most recent drought years, 
19!14 and 1985, might indicate Other pCllks as well. /\ primary trough occu rred 
in 1983 and a dose sccondary trough in !97X, but d ust storms contillued 10 
occu r even in these YC:lrs. T he short record length of data is a limitation us 
only a short portlDn Dr the cycl ical variation can be slUdied, 

The mo nthly rrcqucncy of dust ~ lo rJlls reveals a d efin ite season,,1 
piltlern (FiWHe ]). ' r llc mC;Jrl monthly frequency o f dust storms was calculated 
using the follo wmg eq ua tion: 

N 
Ym - (~ Dmk)/N 

k= 1 
(21 

where: Ym the mean monthly frequency (JfUllst ,~ I orms 

k = the year nllmber in the period of record, where the fi rst 
ycur is nU lllbcred I 

N = lhe nu mher of years of monthly records. For example. II' 
th ere arc seven complctc Janua ries, N = 7 

Dm k ...;c the IOtal number of days in 11 1II0lllh with tlu!>1 storms 111 
ycar k. 

T he primary peak of dust Storm frequency generally occu rs in Iht.'. 
s pring fo r must YCil rs, Only onc YL'ar, 1983. IUlCl a primary peak in the fall. 
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Some of thc main reasons for th is seasonality an: the high wind speeds at thi~ 
time o r the yCll r. the sparse vegetative cover and thl! low precipitation amounts 
and soil moistu re (Wheato n. 1984a). T he d istriblllion o f mea n monthly dust 
sto rm frequencies has a pronounced peak in April, a wea k secondary pellk in 
September and very low 10 non-existcil t a mounts in the willler months 
(Figure 3). 

4. SI>Al' tAt PAl1 hRN OF OU~ r STORMS 

The spa! iat cha racteristics of dust storms an!' the. least exa mined reat ures or the 
d ust stann in the Canadian Pr'lIries. Orgill and Schmcl ([976). Changery 
(1983) a nd Nick ling and Bra>!cl (1984) have studied the rreq uen9 a nd 
dis tri bu tio n of d ust storms in the co ntiguo lls or western United States and 
Arizona. As fur as t.he a uthors arc aware, the spatial dist ribution or dust 
storms have nOI previollsly been mapped fo r any I()eation in the Canad ian 
Prairi e.~. 

The spa tial pattern or dust sto rms is p[oHed by using the sa me d,Ha 
a nd st:llio ns as those derived for shuwi ng the tem po ral frequenc ies (figures 2, 3 
and 4). As Figure 4 indicates. the eentm! parts o f farming land in 
Sask3lchewan within the Regi lla , Moose .law, Swift CUHellt, Saska toon, 
Wynyard and YorktQn areas ha ve the greatest mean ann ual number of dust 
stQrms (Figure 4). In th is area where grain rarming is the dominant lund use, 
as llIany as fo ur to five dust storms were recorded per year on avera ge. This 
arca is shaped like a n elli pse and reaches northward past Saskatoon and 
southward past Regina and probably on into the G reat Plai ns of the UnitcLi 
States. Regi na is the statiot, wit h the greatest mea n a nnua l number of dust 
Sto rms, with an ex treme maxim um of [9 in 198[. The average :mnual numher 
o f dust sto rms, as expet1ed , decreases northward to less than two per year 
beyond Prince I\ [btrt. A serious gap o f stations makes it difficult to determ ine 
the freq uency of dust sto rms in the southern parts where the num ber of dust 
sto rms is expected to be the highest ( Figure 4). 

Generally, it appears lhal the northem agricu[tural portion of tile 
study area has Jow dust storm risk, the southeast and central southwe,<;t have 
irlterrncd il1 te risk a nd lhe central \0 centra l south have high 10 very high risk of 
dust sto rms and the related Joss of fertile 1Opsoils. 

5. CLIM ATIC I- ACl'O({S AN]) OUST STORMS 

C lirn:llie co nditions bo th di rect ly ,3 m"! indirect ly affect dust storms in the 
Canadilln PrairiClJ. An example of the indirect effect is the climatic inn uence 
o n vegetatio n and soil properties including soil moisture. Vegetative growth is 
limited by lack of preeipitatioll. Freeze-t haw cyeics brea k down soil aggregates 
which could result in m()fe susceptible part icle sizes. Ril in d rop impacts and 
the al ternate swelling a nd drying of particles can also cnuse detachment of so il 
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part ides. Ihus rendering them more susceptible \0 crosion. 
The climatic clements thai directly affect wind t:rosion of ~oil s and 

thus dust storms include wind, precipitation and It:mpcraturc . Erosion is 
init iated when wind speeds a rc greater than tht! threshold value required to SC I 

the susceptible particles in motion. Threshold velocities vary according 10 the 
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panidl' size and the specillc gra vity of dry paniclt:s (WMO, 19S3:75). 
Continued moderate to strong winds sustain the blowing dust. Sal tatiOn, the 
bouncing. jumping motion of lhe particles driven by the wind (B:lgnoIJ, 194 1), 
abo acts 10 SUSl!Il n particle 1110w mf'll t by the forcl~ of impact o f the bouncing 
particles. When saltation is ocl.:u rrillg, the veloci ty o f wind required 10 sustain 
the dust storm is less Ill1m the threshold velocity required to initiale the storm 
(WMO. 1983:76). Bagnold (1941) firs t established that the total discharge of the 
moving particles i.~ tI function of the ,·ubc of the wind vcl~ity . 

Moisture in the soii inhibits movement of the soil particles. T he 
n:sisling forccs of cohc. .. io n and gravity arc described mathematically as bt'ing 
a funct ion Df the square of the equh/illcllt soil moisture. The eq uivalt'lJ t soi l 
moisture is defi ned as the amDunt Dr water held by the soil grains divided by 
the amount of watct" held by the soil grains at a suction of 15 atmDspheres 
(WMO, 1983:91). T he soil mOlsllll"e is determined by pr~cipil<Hion, 
evapotranspira tion as well as the soil properties. 

T he cfr~cliveness o f soil moislufe in reducing wi nd erosion tlnd 
dust storms is questionable. however, as the upper layer of soi l that is aneclcd 
by wind erosion is rapidly desiccated (WMO, 19H3:20, Wheaton 1984a: II). 

Brazel and IIs li (19X):302) conclude that rains from one thunderstorm arc nOI 
usually effective for dust .~ uppressio n for the s lIcct'cding storm unless a surfact' 
crust forms. Therefore. it ciln be seen thal wind speed is of primary importance 
in the formation of dust storms and a lso determines the quantity of the soil 
mol'("c/. Indeed, two neccssury condit ions for the origin Dfdusl s to rms are: 
modcratt' to s tro ng winds and available soi l parlicl c.~ (I~igure 5). 

DUST 

STORM 

1·I(jUKI.: 5> A b.1.ic Illiald Hl l h~ , I"~1 ~1<'Hn - \\,nd ,""II '" r""' '''~, 

Although human activi ties may havt' i llcrea.~cJ the blowing dust 
hazard (Goudie, 1982; C hangnon, 1983; Chakravarti. 1978, 1984). semiarid 
areas wert' subjected to dust storms long before settlement as pr:li r ie lires and 
drallght acted to expOse the soi l to wincl erosion (McCauley I'J (/1 .. 19HJ: Pewe, 
19l'!1). Th erefore, il app!!ar:; th:1t !here will on en bt' cxposeti soil and an 
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availability of dust on the prairies, This will resu lt in dust storms under specific 
weat her condit ions (Figure 5), 

6, CLlMA'llC ORIG IN ANI) TV r !;s OF DUST STORMS 

There are a rew $tudic~ that hnv{' discu~sed the nllture and classi fica tion of dust 
storms, Some ~tudies include classification based on sllch heterogeneous 
ractors as timing, duration, wi nd vc(ocity, origin and r,mgc of dus\. sca le and 
location (S hikuln, 1981; WM O, 1983), The synoptic and meteorological 
conditions associated with dust s torm~ have also been ex.ami ned by many 
authors (McCauley l'1 al .. 1981; Montles, 1979; Shoa-jin, 1981 ; Sheng eI al., 

1981: Burritt and Hyers, 1981: Wilslli rc n aI" 1981 ; LaDochy and A nnen, 
1982; Changnon, 1983; Lourcnsz and Abe, 198]; WMO. 1983; Garratt , 19~4 ; 

Anderson, 1984), Tht:Se studies either eX<lmined the synoptic conditions of only 
a few dust storms, oftcn only one as a case study, or only mentioned the 
sy noptic situation of several SIQTmS generally without analY7.ing the genesis. 
Hcnz and Woiccs hyn ( 1980). Wigner ami Pc::terson ( 1985) and Brazel and 
Nickling (1986) exam inC(1 more storms but did not study Call11dian co nd itions. 
Therefo re, this paper suggests a genetic classification or dust storms as 
experienced in the Canadian Prairies. T here a rc four types of d ust storms 
which may develop in the Canadian Pwirics: 

I) convective dust storms (a ir mass) 
2) front:ll dust storms (wind shifi) 
J) pressure gradient dust storms (wind storm), i'lnd 
4) mixed type dust storms (combinations of more than one of the 

above types). 
[n the above clas~i fication, thl: c(l nvective dust storm is the type 

tnggcrcd by Ihe convective winds of surface heating. This type lius a distinct 
diul u;ll pcriuuicily wit h 11 rrmJl.i rn ulIl frc4ucncy in tilt: afternoun unci a 
minimum j ust before sunrise. Convect ive dust storms arc qu ite scasona[ , bei ng 
n:stricted to the summer months, with occasional occurrences in the spring tint.! 
fall. 

Froma l dust storms lire those Iriggereu by an advancing frontal 
system, Cold fron ts arc marC' [ikcly to induce dust storms as they h<lllcstTonger 
winds than the warm. ocdudet.! or stationu ry fronts. A cold front associated 
with unstable air masses may prcxluee more frequent and severe dust SlOrms 
than the dry cold fronl depending on the wind spce{ls associa ted with the 
Ironts, Although the rain may wash out some of the dust, rain drop implrct 
tends to ddnch more particles. T he down draft associated with a th unut!rSlorm 
of the cold front may intensify the dust .~ I orm (Burrill and Il yers, 1981; Brazel 
and Hstl, 1981), Dust storms may be associated with warm fronts, especially if 
the warm ai r is unStable and thunderstorms result. 

T he press ure gradienl lype of dust storm is a r~ u ll of the st rong 
wind associa ted with the ~ t eep pressure gradient between low and high 
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pressure systems. T he pressure gradient is s teep enough to p roduce winds thaI 
a re greater than or eyualto the threshold velocit ies of the soil particles. The 
duSl storms formed with the strong outpouring of ilir in tht'Sc tra nsit ion zones 
arc the ones that can occur al any time of d ay and c,lIn have the longest 
duration~ or all the types except ror the mixed Iype. With this la tter Slo rl\1 one 
type may be dyi ng out as ,) nOther replaceS il. 

Some dust storms may occll r as a ft:s ult of a com bination of marc 
than one synoptic condi tion discussed above and Ihus lermed a mixed type. 
For Instance. the convct:t ive type could be triggered by a rrontal system or a 
cold rront in a cyclonic system milY trigger a dust Storm whiCh is sustained by 
the preSSure gradienl. T his pn,.'Ss ure gradienl is set up between the receding low 
and the advancing high pressure systems. 

For a systematic s tudy, the above classifica tion may be used for a 
m Ole detailcd analysis and evaluation of the nature, scale, frequency "nd 
intensity of dust storms and their impact on soil erosion in the Canadian 
Prai r ic.<;. 

7. CONl' LUS ION 

This paper focusses on a part icular need for a more scien1 ific study of dust 
storms and thcir impact on soi l crosion in the Canadian Pra iries. This pa per 
suggests a definition, scope, o rigin and classification o f dust storms within II 

climatological framewo rk. A preli mina ry en'or\ is made to show, for the fi rst 
lime, the tem poral va ria tion and spatial pallel'llS of dust Stor ms in 
Saskatchewan. This study should provide a roundat ion for further and marc 
detailed analyses or dust ~Horms in the Canadian Pwi rics. 
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South Plains. [' reprints, Arnerica11 Mfleorological Society Confcrell.:;c on 
Agriculture am] (-orest M~t~orology 20-24 May, 1985. Phoenix, Ari"l.on<1. 

Wilshire. I I.G .. J.K. Nakata and B. 11<1l1ct , 1911 1. Field Observations of l ht Occ<:mbcr 

1977 WindStorm, San J oaquin Valley. California. [n r.t. Pewe (cd.) 1981. 

Op r.il. 

World Meteoro[ogn::al Org:lnizatlon (WMO), 1983. Metcorologi<:;l\1 Aspt'{'ts of Certaul 

I'IOCCSSCS' AfTeeting Soil Degradation - Especially Erosinn. Technical Nnte 

No. In. Seere(arial of the WMO, Geneva. Switlerland. 
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News and Comments 
Nouvelles et commentaires 

OCEAN IC CHANGES ASSOCIATED WITH GLOBAL IN CREASES 
IN ATMOSPHER IC CARBO N DIOXID E: A PRELIMINARY 
REPORT FOR THE ATLANTIC COAST OF CANADA.' 

D. G. Wrighl. R.M. Hendry. J. W. Loder. and F. W. Dobson. 
Bedford Institute of Oceanography 
Dartmouth N .S. B2Y 4A2 

Measurements over the past few decades clearly indicate that the concentration 
of atmospheric carbo n dioxide and other so-called "greenho use" gases is on 
the risc. Model studies indicate that this trend will result in a significant 
alteration of the Earth's climate during the next cCnlury. Expected changes 
include: a global increase in atmospheric surface temperature especially in 
winter and at high latitudes; an intensified hydrological cycle including 
increased conlinent::J i run-off at high latitudes; a decrease in the strength of 
winds in the lower atmosphere; a decrease in the areal coverage and thi(;kness 
of sea ice in polar regions: an earlier seasonal snow-melt and sea-ice break-up; 
and a later freeze-up. In a scenario with the atmospheric concentration of CO2 

twice pre-industrial levels. predicted surface warming is of the order of a few 
degrees Celsius and associated cha nges in regional hydrological balances and 
wind forcing are of the order of 5 to to per cent of present-day values. These 
chang~ could have far-reaching effects. Th is report was prepared at the 
request of the Atlantic Research Directors Committee of the Department of 
Fisheries and Oceans of Canada as a resource document to begin to address 
the question of how such changes might affect conditions in the waters off 
c,astern Canada and hence the Atlantic Canadian fi heries industry. 

Our basic approach has been to present our understanding of the 
dynamics which maintain the ocean in its present Slale and, based on this 

The full repun hu~ bet:n publlsheu in 19i16 as Cal/. Tedl. Rep. Fish. Aqllllf. SCI. J426:VI1 + 78 
pp ., ,wcJ i~ uvailablt: from Supply and S~rvices Canada, Cal. No. F!> 97-6/1426E . Thi !> 
summary is lepruduceiJ with permission of the auth urs. 
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dynamical framework, to outline changes expected to accompany COrinduced 
climate changes predicted by atmospheric models. This approach does nOt 
fully account for the coupling between the atmosphere and the ocean, but it 
allows us to make reasonable predictions based on well-defined assumptions. 

Some predictions for large-scale oceanic changes are relatively 
robust. Sea-surface temperatures will generally rise with the largest changes 
expected near 6OoN; meridional gradients in surface sa linny will increase 
creating fresher northern conditions and saltier SUbtropical conditio ns; and the 
thickness, areal extent and duration of sea-ice cover will decrease. Warmer and 
fresher northern surface waters and reduced wind mixing should generally 
result in thinner and more gravitationally stable high-Iadtude surface mixed 
layers, However, in regions where and during limes when ice-cover lS removed, 
enhanced mixing may locally counteract and even rever e the tendency 
towards thinner mixed layers. Reduced wind stress magnitudes should lead to 
weakened wind-driven ocean gyres, and an imensiJication of the hydrological 
cycle should lead to slronger buoyancy-driven ocean currents. Thus the Gu lr 
Stream may relax somewhat while the Labrador Current may be enhanced. 
Reduced wind stress could also lead to a reduction in the cyclonic wind-driven 
circulation within the Labrador Sea and, combined with more gravitationally­
stable surface mixed layers. this could result in a reduction in the rate of deep­
water formation by convective processes in this region. As a response to 
warmer atmospheric temperatures, there may be a transiem increase III iceberg 
production rales, The resulting addition of water to the ocean together with 
thermal expansion could raise sea levels by several lens of centimeters per 
century. 

These predicted oceanic responses would follow climatic change 0 11 

decadal or shorter time scales and hence should be roughly synchronous with 
atmosphenc changes. In addition there may be much slower adjustments of 
abyssal ocean properties to climate change. An increase in the average value of 
evaporat ion minus precipitation over the Atlantic Ocean shou ld result in an 
increase in basin-averaged surface salinity and, coupled with increased high­
latitude air and sea-surface temperatures, should result in saltier and wa rmer 
abyssal waters. Such adjustments would probably occur over severa l centuries. 

The general high-laLitude tendenci e..<; towards wanner and fresher 
ocea n waters, thinner and more stable surface mixed layers. and reduced 
thickness, ex.tent and seasonal duration of ice cover should also hold over the 
continenta l shelves ofT eastern Canada. However. shelf-water conditions should 
also be strongly influenced by changes in the regional circulation. The ex.pected 
increases in precipitation minus evaporation, and continental run-off in high 
lat itudes should increase the strength and further reduce the sali nity of the 
relatively cold and fresh, buoyancy-driven currents which account for the 
general southward flow over these shelves. These currents lI1c1ude the 
Labrador CUTTent, wh ich has a major influ ence On water properties over the 
entire eastern Canadian coastal region . and the outflow from the G ul f ofSt. 
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Lawrence, which influences the Scotian Shelf a nd G ul f of Maine waters. The 
increased strength of these flows leads to the possibility that the shelf waters 
ofT eastern Canada may be warmed by a lesser amount tha n offshore waters a t 
similar latitudes, but enhanced warming of the high-latitude source waters may 
off.<;et this tendency. The tendencies towards reduced warming and increased 
freshening of shelf waters may be enhanced by the reduction in the strength 
a nd variability, and hence the influence, o f the relatively warm and sall y Gulf 
Stream. The increase in fres hwater run-off should also result in small offshore 
d isplacements of the coastal and shelf-break fronts th roughout the region, and 
the increased net solar radiation should lead to a reduction in the spatial extent 
o f year-rou nd tidally-mixed waters in areas such as the Gu lf of Maine. 

Associated with the warmer air a nd sea temperatures, there should 
generally be earlier seasonal snow-melts, spring thaws and ice break-ups; an 
increased occurrence or ice-free years in areas such as the Gu lf o rst. 
Lawrence; a nd a reducti on in the seasonal extent of ice in areas such as the 
Labrador Shelf. As noted earlier, such changes in seasonal ice cover may a llow 
increased wintertime mixing in these areas, opposing the genera l tendency 
towards th inner mixed layers. 

We emphasize that these predictions are preliminary in nature. 
More definite statementS will be possible with further development and 
understanding of fully coupled atmosphere-ocean-cryosphere models. detailed 
regional simUla tions, and validation of model predictions against relevant 
observations. 

R ECENT PUBLICATIONS OF T H E C ANADIAN CLI MAT E 
CENTR E 

Stewart J . Cohen 
Canadian Climate Centre 
Atmospheric Environment Service 
Downsview. Ontario 

The Canadian Climate Centre of AES IS probably best known fo r its regular 
data publications. including Climatic Perspectives. monthly and annual 
meteorological summaries, and statistical data publications. which include the 
1951- 1980 normals for tem perature, precip itat ion, and other elements. 
Recently, the Great Lakes Climatological Atlas was published (sec the October 
1986 Issue of the Bullelill). 

The eee also produces 3 series of research publicalions: eee 
Reports, eLI Circulars, and Climatological Studies (es). eee Reports are 
in ternal reports which have not been subjected ( 0 extensive editing. CCC 
Reports a re distributed at the discretion of th e authors and the Ca nadian 
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Climate Program Office, and are usually printed in small quantities. ell 
Circulars are generally on less technical subjects, are wrirten for a wider 
audience, and have larger print runs. The cs series incl udes a number of 
regional climate studies, available in english lInd/rench (anglms oufran~ais), and 
a re distributed by Supply and Services Canada. 

Recent publications in the 3 series are listed below. For furth er 
information o n these and other reports published in previous years, contact 

Climato logical Services Division 

86- 1 

86-2 

86-3 

86-4 

6-5 

86-6 

86-7 
86-8 

86-9 

86-10 

86- 11 

86- 12 

86-13 

20 

Atmosphenc Environment Service 
4905 Dufferin Street 
Downsview, On tario M3H 5T4 

ccc REPORTS 

Etkin, D., and W. Macdona ld. Annual and Seasonal 
Climate Scenarios for a Warmer Arctic 

Phillips, D. W. Economic Benefits or Climate 
Applications 

Newark, M.J., A. Cai llct, N. Bussieres, and T. Jang. 
Verification or AES Experimental Long Range 
Forecasts ror 1985 (bilingua//bilingue) 

AES Drought Study Group. An Applied Climatology 
of Drought in the Praine Provinces 

Thomson, R.B., M.P. Brennand, and J .P. Ross. Arctic 
Non-Standard Data Catalogue 

Lewis. P.J. Severe Storms over Hudson Bay-Foxe 
Basi n. A Catalogue Summary ror the Period 1957 
to 1983 

Gu llett, D. W. Smoothing Daily Climatic Normals 
Skinner, W.R. The Break- Up and Freeze-Up of Lakc 

and Sea Ice in Nonhern Canada 
Olson, R. An Assessment of Canadian A rctic Wind 

Data Sets 
Brown, R.D., N. Ba laskas, L.D. Monsch, A. 

Saulesleja, and V.R. Swail. Marine Climatological 
Atlas-Canadian West Coast 

Guiot, J. Reconstruction of Temperature and Pressure 
ror the Hudson Bay Region rrom 1700 to the Prescnt 

W.F. Baird and Assoc. Ltd., Hydrotek Inc., and J .F. 
Lawless. Review and Assessment Procedures for 
Ext reme Value Analysis ror Selected Geophysical 
Data 

Evaluation of Existing Climatologies for the Beaufort 
Sea 

$ 8.00 

5.00 

5.00 

20.80 

6.60 

31.60 

5.50 
6.20 

5.80 

37,20 

11.80 

7. 10 

13.60 
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86- 14 

86- 15 

86- 16 

86- 17 

86-18 

87- 1 

1-86 

2-86 

Brown, R.D., and K. Walsh. Canadian Seasonal 
Climale Scenarios for a CO,-Induced Global 
Wanning 

SWart , A. A Spalial Permafrosl Model for Northern 
Canada and its Application to Scenarios of Clima te 
Change 

Elkin, D., K . Higuchi , and W. Macdona ld. A NOle on 
the Semi-Annual Temperature Cycle in the Canadian 
Arctic 

MEP Co. Lid. Inlcrannual VariabililY of Climale off 
the Canadian East Coast 

Newell . J.P. , and LW. Davidson. Regional Marine 
Climate Comparisons for Offshore Dri ll ing 
Localions Worldwide. Pans I and I I. 

Brown, R.D., and V.R. Swail. The Spalial and 
Temporal Coherence of Marine Wind Observations. 

ell CIRCULARS 

Monsch, L.D., and K. Bolohan. Applied Climale 
Bibliography for Architects, Planners, Landscape 
Archilecls and Builders. (bilingual/bitingue) 

Gullell, D. W .. and D. W. Phillips. Historical Analysis 
of PopUlation Weighled Healing Degree Days for 
Ca nada, 1939-1984. 

CS S~RIES (E=cnglish, F= franl'ais) 

13.90 

10. 70 

5.00 

32.70 

47.70 

7.70 

5.00 

6.00 

35 The CIiI11"le of Ollawa-H ull, The Cli male of anada 3.50 
CanadIan Cilies Number I. Car. No. EN57-7/J5 olher 4.20 
(I:.' or F; 

36 Swail, V.R., and L.D. Monsch. A Review of Ihe Canada 10.00 

37 

State-of-the-Art in Marine Climatology on the 
Easl Coasl of Canada. Cal. No. EN57-7/ J6 
(bilingual/ btlinguc) 

The Climate of Edmonton. The Climate of 
Calladian Cilies Number 2. Cal. No. I:.N57-7/J7 
(I:.' or I) 
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olher 12.00 

Canada 6.95 
o lher 8.35 
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SOME AGROMETEOROLOGICAL ACTIVITIES 
IN SASKATCHEWAN IN 1986 

E.E. WheawII 
Saskatchewan Research Council 
Saskatoon, Saskatchewan S7N 2X8 

Several agencies were engaged in agrometeoroJogical work over the past year. 
Those mentioned here are: the University or Saskatchewan (U or S), 
Agriculture Canada (AC), Scientific Services Division or Atmospheric 
Environment Service (AES), Saskatchewan Research Council (SRC), National 
Hydrology Resea rch Centre (NHRC) and the Saskatchewan Intercouncil 
Committee on Agrometeorology (SICAM). (This news it em is a summary or 
the report to the Expert Committee on Agrometeorology. For a copy orthe 
report please contact the a uthoL) 

Some of lhe projects undertaken during the year were joi nt efforts. 
A project to simulate spring wheat yields ror the Saskatoon area using the 
CERES model and Saskatoon SRC weather data was completed by the U or S 
and SRC. Another U or Sand SRC project analyzed the temporal , spatial and 
climatological aspects or dust storms in Saskatchewan. AC/ SRC herbicide 
spray drift trials were conducted to evaluate and compare the performance of 
rour dirrerent types or sprayers. A chapter based o n a n A ES/S RC/ AC project 
to estimate the impacts of climatic change on agricullure in Saskatchewan has 
gone to the publishers. 

Other agromclcorological work at lhe U of S consisted of projects 
such as an evaluation of the precipitation trend of some climate stations, and 
the climate, water usc and productivity of savannas. Student projects with a 
definite agromelcorologicai component were also developed. 

A study was undertaken by SRC to co mpare the evaporation 
estimates from several eva pori meters at the SRC Climatological Reference 
Station. Atmospheric. soi l and crop studies to determine the chemis try and 
nutrient characteristics of the rainfaJi in the vicinity of a thermoelectric power 
plant were continued by SRC for another year. 

AC continued to collect meteorological data for use in assessing 
wheal midge characteristics. Several projects, such as the water use of 
continuous direct seeded winter wheat and the effecl of mOisture stress on 
wheat, have been undertaken by AC. 

Some studies conducted by NHRC include the asseSSment or 
precipitation distribution and variabili ty on a small agricultural watershed, for 
example. 

SICAM revised Il,e agrometeorological section or the "Guide 10 

Farm Practice". Reco mmendations concerning agrometeorologic~i1 data were 
also made. 

Thus there were several agencies/groups working on 
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agrometeorological problems in Saskatchewan during 1986. Also several 
requests for agromelcorological information to support the agricultural 
community were handled by these agencies. 

NOUVELLES DE L'A .C.L . I.Q . 

A. HuffY 
Universite Laval 
Quebec (Quebec) 

a) Un nouveau consei l a elf: clu en octobre 1986 cl les activitcs principales 
pcuvcnt se resumer comme suit: 

- des representations seront faites pour que la climatologie SOi l 

reconnue comme tine specialite dans Ie fichier central des 
fournisseurs du gouvernemcm du Quebec. 
Ie Comite cont inue a participer au COmile consuhalif national sur 
les donnees et les applications c1imHtiques. 
Ie rapporl sur Ie bilan de recherche en climatologie au Quebec a etc 
presente. L'analyse du financemenl a penn is de constater que Ja 
c1imalologie en tant que telle esl peu visible el que la pluparl des 
recherches subventionm!es Ie sont de maniere indircclc, quand la 
climatologie est associee a un autre domaine (meteorologie. genie 
civil , ecologie, etc.), La quasi lOlalilc des projets (uliliscm des 
donnees climatiques) au eennent dans la categoric "recherche 
appliquee", dont tn:s peu de recherche fondamentalc 
subvcntiol1nee. 

Parmi les recommandations du comite: 
- Continuer a faire des projets ayant des applications socio­

economiques, en y interessant des ministeres ou des experts dans Ie 
domaine d'app lication. 

- Augmcnter la "v is ibilih~" de la climatologie dans les congres, les 
exposit ions scientifiques et aupres des clUdiants du secondaire et du 
CEGEP. (L'ACLlQ participera cette annee encore ill'ACFAS, qui 
se tiendra it Ottawa en mai 1987. Roger Barry sera Ie conferencier 
invite.)1 

- Faire des press ions aupn:s des universites et des organismes 
subventionnaires pour que des recherches en climatologic en tant 
que telle puissent se poursuivre. 

J Ed . Note: The ACFAS meetIng d:Jtes were published 10 the February 19M7 issue. 
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b) La revue "Le Cli mat " progresse avec la nominat ion d'un comilC;~ de leclUre 
pour les anicles sciemiliques; elle rcmplit. un role de liaison qui commence a 
etrc reconnu (adhesion de nOuveaux m~mbres corponuifs) et une subven ti on 
sera demandee pour I'annee 1987-88, 

CONGRES INTERNAT IONAL DE GEOGRAP HI E, 1988 

A. Huf1y 
Universite Lav£l1 
Quebec (Quebec) 

Pendant Ie prochain Congres international de geographie, qui aura lieu en 
Australie ct en Nouvcllc-Zelande en aou t 1988, plusi~lIrs cOlloques reunirol1l 
des climatologues autour des themes suivants: climatologie tropicale et habitats 
humains, changements climatiques, topoclimalOiogie. En particulier: 

a) Ie groupe d'etudes sur les "changements climatiques recentS" 
(Adelaide, aalit 1988), S'adresser.: 

Pr. S. Gregory 
Dept. of Geography, Universit y or Sheffield 
Sheffield, S 10 2TN, England, 

b) Ie groupe d 'etudes en ciim"tologie (Christchurch (Nouvelle­
Ulande) du 10 au 20 aout 1988): trois sous-themes: 

I. Topoclimatologie responsablc: 
theorie , mOdelisat ion. cartographie~ 
Prof. J . Pa,zynski (Pologne) et 
Dr. W. Endlicher (Allemagne federale). 

2. Climatologie urbaine res ponsa ble: 
H, Wanner (Suisse). 

3. Agrotopoclil11atologic rcsponsa ble: 
A. Hufty (Ca nada), 

Pour presenter une comm unicat ion au groupe de ropoclimatologie, il taut y 
penser d'avance, a partir du printemps 1987. Comme les resumes (ent re 200 el 
400 mots) seronL publies avant Ie congres, il falldra les envoyer en Nouvelle­
Zelande pour Ie ler oetobre 1987. Si vous avez I'intention de participer a ee 
coHoque, vous pouvez ccrire directement avanlle 30 avril 1987 a l'adresse 
suivanle: 

24 

Dr. A . Stu rman 
Dept. or Geography 
Universi ty or Canterbury 
Ch ristchurch, New Zealand. 
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ALBERTA CLIMATOLOGICAL ASSOCIATION 
ANN UAL MEETING 

Palli Papimik 
Research Managemen t Divis ion 
Alberta Envi ronment 
Edmonton Alberta 

The Alberta C limatological Association celebrated its eleventh anniversary at 
its annual meeting on February 24, 1987 in Edmonton, Alberta, The meeting 
was hosted by the Northern Forest Research Centre. Approximately 30 people 
attended. 

The keyno te address w<!s delivered by Dr. Bob Humphries of the 
Alberta Resea rch Council. He spoke on the fu ture directions of climatology in 
Alberta. He suggested thaI regional impacts of climate change needed lO be 
researched and greater planning for climate change should be pro lTIOled. 

A brief business meeting was held. A new executive was chosen 
and agency reports of climate related activities were given. For the first time. 
the ACA discussed its role as a communicator or provider of climate 
info rmation LO the public with lhe intent of increasing public awareness and 
interes t in climato logy. T hiS Issue will be discussed agai n at future mectings. 

The technical sess ion was comprised of five papers deali ng with 
topics ranging from evapotranspiration 10 applications o f climatological 
information in Saskatchewan. Dr. John Wilson from the University of Albena 
reviewed methods of es timating Or measuring evapotranspiration. Techniques 
to oblain evaporation from measuremenl..S of related a tmospheric parameters 
were presented. Dr. Wilson summarized by noting that many methods arc 
easily desc ri bed mathematically and are well-founded physically but a re very 
tedi ous ro use in field applications. followi ng Dr. Wilson, Dr. Barry Grace of 
Agriculture Ca nada in Lethbridge described his experiences with applica tion of 
the many licld techniques for estimating evaporat io n. Resuhs of tests using 
actual data did not identify one method as particularly better than another. 
The sp read of data was rather remarkable. Dr. Grace did demonstrate that all 
or the estimates maintained the general trend of evaporation over the lest 

penod and that values calculated during light wind sit uations were much better 
than those during windy cases. 

Mr. Manfred Drews from Atmospheric Environment Service, 
Edmonton reviewed the hydrometeorological events that led up to the nooding 
of the Pembina, North Saskatchewan and Red Deer rivers during mid-July of 
1986. The main thrust 01" the paper was to demonstrate that rainfall and 
snowfall can cause record flooding wi th oUl breaking precipitation records. A 
long wel peflod leading up to the mid-July storm appeared to saturate the 
river basins providing ldeal conditions for flooding. 

Topic.. .. in applied climatology addressed by the Saskatchewan 
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Research Council were presented by Dr. Elaine Wheaton. Activities were 
segregated into two categories: those provided by professional starf within SRC 
and those provided to various users of climatological data. Dr. Wheaton 
impressed on the audience the need for climatologists to examine the potential 
uses o f basic climate data in solving problems in the various resource 
industries. Many limes basic data have been used directly or combined with 
related info rmation a nd experience to provide very useful answers to client 
requests. However, much more effort is required in this area to make 
maximum use out of climatological data . 

A unique appl ication of precipitation data was discussed by Dr. 
Terry Krauss from the Alberta Research Council. Alberta Government 
Telephones has proposed a backup communications system that involves the 
transmission of information using microwaves. Unfortunately, microwaves are 
attenuated by rainfall. Dr. Krauss provided resu lts from t.es ts using radar data 
to determine rainfa ll intensity and how these data relate to altenuation of the 
signal. The outcome was very sllccessful. However, lhe requirement for more 
information on rainfall intensity and the climatology of rain events was 
obvious. Dr. Krauss emphasized that this was o nly one of many examples 
where climatology can be used in the resolution of problems in seemingly 
unrelated areas. 

McG I LL UN IVERSITY 'S C LIMAT E R ES EAR C H GROUP 

Lawrence A. Mysak 
Di rector, Climate Research Group 
Departmenl of Meleorology 
McGill UniversilY 
805 Sherbrooke Sl. W, 
Montreal , Quebec 
H3A 2K6 

McGi ll University has recently formed Canada's lirst university Climate 
Research Group in cooperation with the Natural Science and Engineering 
Research Council and the Atmospheric Environment Service of Environment 
Canada. In response to a proposal prepared under the direction of Professor 
R.R. Rogers, Meteorology Department Chairman, a major grant 0 1' $ 1.1 
million over 5 years has been awarded by these agencies to McGill to support 
the Group, includ ing two new faculty positions in the Department of 
Meteorology as Industrial Research Chairs in Climatology. Appoinled to Ihe 
chairs are Dr. Char les A. Lin, a specialist in atmospheric dynamics, and Dr. 
Lawrence A. Mysak, a physical ocea nographer, wh o has also been named 
Director of the Climate Research Group (eRG). 
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The CRG will be the centre of the research activities not only of 
Drs. Lin and Mysak but a lso of other McGill researchers from the 
Department of Meteorology (Drs. Jacques Derome, Kevin Hamilton and 
Svenn Orvig), the Institute of Oceanography (Drs. Max Dunbar and Grant 
Ingram), and the Department of Geography (Dr. John Lewis). One of the 
goals of this multidisciplinary group will be to develop an ocean circulation 
model which will be coupled to the atmospheric general circulation model 
(AGCM) of the Ca nadian Climate Centre, Atmospheric Environment Service 
in Downsvicw. Ontario. Other current and planned activities of the CRG 
include st udies of atmospheric blocking, high-latitude land surface processes, 
isopycnal and interdecadal fluctuations in air/sea and air/ ice/sea interactions, 
and the study of climate cycles in relation to the abundance of marine 
organisms. 

The C RG will publish a Newsletter with which we hope to inform 
interested members of the world climate research community about the 
activities of lhe Group. Anyone wishing LO receive the Newsletter. 10 be issued 
approximately quarterly, sho uld notify the secretary of the CRG. For further 
information about the activities of the eRG, please write to the Director. 

DFO CLIMATE RESEARCH WORKSHOP 

S. Tabata 
Institute or Ocean Sciences 
Sidney, B.c. 

The Department of Fisheries and Oceans Climate Research Workshop was 
held on January 21-23, 1987, at the Institute of Ocean Sciences in Sidney, B.C. 
Its purpose was to exchange information and ideas on climate issues important 
to lhe Canadian and World Climate Programs. Objectives included: 
description of linkages between global scale pheno mena studied by the World 
Climate Research Program and regional impacts important to Canada; outline 
of the activities necessary to relate the global scale observations to Canadian 
regional concerns; and development of a framework of a national plan for 
DFO climate related research. 

Proceedings will be published later lhis year by DFO. Contact 
DFO Headquarters, 200 Kent St., Ottawa, Ol1tario, K I A OE6. 
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INTERNATIONAL WATER RESOURCES ASSOCIATION 
WORLD CONGRESS 

The Sixth I WRA Wo rld Congress on Water Resources will take place from 29 
May - 3 June 1988 in O ttawa, The Congress will dea l with "Water i'or World 
Development" with three major themes: Policies and Strategies. Planning, and 
Operation. One of the topics to be considered i climate, including climate 
impacts. Papers arc being sought thaI address both environmental a nd socio­
economic aspects. The I WRA membership comes from a broad range of 
disciplines, including hydrology, engineering, waLer managemen t, agnculture. 
and economics. Severa l UN agencies are co-operating sponso($, including 
WMO, 

The deadline for abs tracts has been exte nded to August 15. 1987. 
For morc info rmation 011 the Congress, COtHact: 

The Secretarial 
Sixth I WRA World Congress o n Water Resources 
University of Onawa 
631 King Edward Avenue 
Ottawa, Ontario 
KIN 6N5 
(613-564-3902) 

SYMPOSIUM / WORKSHOP ON 
IMPACTS OF C LIMATE VARIABILITY AND 
CHANGE IN Tl-IE CANAD IAN PRAIRIES 

There is a growing awareness of the potential economic, erwlfonmcntal, and 
social impacts of climate variability and change. Shon·term climate variabili ty 
has and will continue to affect the resources and economy of the Canadia n 
Prairies. The management and development of our human and economic 
resources arc signific.:'lntly affected by climate variability and change. II is 
important to determine the interrelationships between climate and ou r 
resources and whether climate variabi lity and change can be reliably predicted. 
In the coming years, governments will have LO develop and implement stra tegic 
plans to minimize the potentia lly adverse impacts and maximize the posi tive 
impacts of climate change and variability. To this end, many questions must be 
resolved and directions for research set. 

The Alberta Climate Advisory ommitlce in cooperallon wllh the 
Saskatchewan and Manitoba Climate Advisory Comm ittees and Ihe Canadian 
Climate Centre will be sponsoring a Symposium/ Workshop 10 consider the 
issue of cl imate variabi lity and change. The Symposium/Workshop will span 
three days, 09- 11 September 1987, 
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The Sym posi um will be one and a half days long and will provide 
a formal forum for the presentation and discussion of cl imate research 
activities relevant to the Canadian Prairies. The objective of the symposium is 
to provide perspective on climate variability and change; to enhance public 
and political awareness of the need for climate research; to exchange 
information on climate research; and to discuss the causes and impacts of a 
changing and variable climate on the Canadian Prairies. 

Dr. Kenneth Hare will give the opening address. We arc hoping 
10 extend invitations to internationally known scientists (0 address the ensuing 
major theme sessions: 

I. Physical comrols and model si mulation of globa l and regional 
climate change; 

2. Socia-economic impacts of climate change and variability on 
our resources and economy (e.g., agriculture/food production. 
forestry . water resource availability/ management, tourism, 
recreation, energy, construction, land use planning, etc.); and 

3. Po licy implications. 
The Workshop, covering the remaining o nc and a half days, will 

provide the o pportunity for intensive discussions o f the issues arising from the 
symposium and fo r the formulation of recommendal1ons for futu re research. 
The objectives of the Workshops are to identify issues and concerns related to 
climate variability and change and to identify and provide the rationale for 
fUlure research and resource planning strategies. 

For further information please contact Bonnie L. Magill at (403) . 
422-2070. 

CANADIAN CHEMI CAL CONFERENCE AND EXHIBITION 

The Canadian Society for C hemistry will hold th ei r 70th Con feren ce 7-11 June 
1987, at Universitc Laval. The program includes a symposium entit led 
"Chemistry of Acidic Dry Deposition ." There will be sessions on measurement 
techniques, sa mpling networks, modelling, and source identification. For more 
information, contact: 

Ghislain Jacques 
MlOistere de l'Environnement 
2360, Chemin Sainte-Foy 
Sainte-Foy, Que. 
GIV 4H2 
(418-644-3482) 
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Book Review / Critique de livre 

WATER BALA NCE AND ITS A PPLI CATI ONS (With Special Reference to India). 
by V.P. Subrahmanyam, Andhra University Se ries No. 173 Anclhra Univers ity 
Press & Publications, Waitair, Visakhapatnam, 530 003, A.P. Illdia, 1982, xiv 
& 102 pages, Rs. 34/-. 

This monograph is dedicated 10 the applicalion of the Thornthwaite water 
balance procedure in an Indian seui ng. It is divided into three parts: the 
thermal regime. the moisture regime and applications. Each part is developed 
in an historical framework, followed by exam ples, tables and nomograms. 
Very clear guidance is provided on computational procedures. 

The book emphasizes both India's water balance and climatic 
classification. The author's style is professional, clear and interes ting. His 
interpretation of Indja's water balance and of (he evolUl ion of climate 
classification makes fasci nating reading. There are typing and labelling errOlrs, 
imprecisions in word use, etc., but these do not obscure or detract fro m the 
important message the author has to convey. The author advises that they are 
to be rectified, presumably in a new edition. 

India's climates range from desert to among the wettest in the 
world. Tuning its agriculture to that range of climates, to its variable 
monsoonal rainfall, and also planning for bo th drought and flood are major 
challenges. The author, Dr. Subrahmanyam, has pioneered in Indian climatic 
wa ter balance studies, dedicated to that goal for over two decades. This book 
is based on his research and experiences. 

Part I of the monograph starts with a discussion of the thermal 
regi me, rather than the water balance, because of the prime importance of 
temperature in climate classification . Historical concepts are reviewed, leading 
ultimately to Thornthwaite's thermal classification. Arguments are presented 
concerning formulat ion a nd changes in classification systems used over most 
of the 19th and 20th centuries. 

A review of the importance of 'thermal efficiency' and historical 
evolutio n of its expression leads to Thornthwaite's concept of "potential 
evapotranspiration" - which ..... Thornthwaite considered as an index of 
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thermal efficiency. too, for many phytobiological purposes." Thermal 
efficiency is then used to develop maps that show India's re lative 
continenta li ty, oceanicity (isocontinentals) and basic climate types 
(megalhermal. mesOl hcrlllal and microthermal). FealUres of India's agriculture 
and silvicullure arc described on the basis of thai classification . 

In Pan 11 the role of moisture in ecoclimatc classification is traced 
back to Dove ( 1846). As with temperature. the au thor describes many 3nempls 
to use precipitation effectiveness as an index of plant production . 
Thorthwaitc's search for an appropriate moiMure index is traced from 1931. By 
1948 the concept of potential evapOlranspiration and both humidity and 
aridity indices based on water balance estimates were widely acceptcd. 

The nature and computation of the moisture index, and seasonal 
variation of effecti ve moisture are introduced a long with their expression in 
Thoflllhwaite's classi lication system. Finally, maps of India's climate zones a rc 
presented along with zonal water balances to illustrate the large differences 
that ex ist across the peninsula. 

Part III combines [he thermal and moisture regimes. It starts with 
the concept of 'ecoc1i male.' That is followed by a histo ry of biogeographical 
concepts that led to Thomthwaitc's classification, Accord is shown between 
India's vegeta tion and computed thermal efficiency and moisture indices. a nd 
between the distribution of rice, wheat and millet cu ltu re and estimates of 
moisture adequacy. 

Among other applications, the utility of water balance accounting 
is shown in defining irrigation need and scheduling. and in estimating soil 
tractionability. The aridity index is used to show intensity as well as ti me a nd 
space patterns of drought. Successive maps of com puted deficiencies are used 
to show migration or spatial changes in intensity of drought. Empirica l 
approaches arc used to transform computed wa ter balance surpluses into basin 
runoff and its variation. 

The high points of the book are the practical message concerni ng 
the usc of Thofllthwaitc's water balance and the historical perspective ror its 
development. The problems addressed are common to many developing 
countries. The description of India's water balance will interest both 
geographers and climatologists concerned wiLh ils climate. The detail provided 
on computations Will be appreciated by students. 

C. McKay 
Thornhill, Ontario 
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