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ilSTROIWlr.Y Al'IIl £JIE n,T"ftNATIOi<AL GEOPHYSICAL YEAR 

by 

Donald A. MacRae. I 

The key-note of the Internat.ional Geoohvsical Year if' 
'1concentration ,)f effort". It i s an lnternationaJ. cooperative 
organ: zetion of scientific activity involvinv, ImlltiDle disciplines 
'm a. worl d -wide SCRle . Tonight ' ~ addresses di8r:1lSS the th r ee 
sciences of astronomy, Tl"cteor oJoro' , u.ncJ geophycics in relation 
to the lo G. Y. as i.f, perha.ps, there are sharp dividing Jine s 
between them. i1..c t uully , uf co\irs~, they C1v6'rlap, and astronollT'J 
l l"l .. arLicular spill s aver into the other scienros. C'f the 
1..\"9] Vi) diSCt"D'}i.r'es lis ted b~r- t'I8 L:anadlan r'~at iol lal COmJn1.Ltee fo r 
the I .G .Y~ 1, astr onomy is closel y oonnected with nine : 
Geomagne tism, Aurora and air glow, Ionospheric PhYSics , Solar 
Activity, Cosmic rays, Longitude and Latitude, Seismology, 
Gravity and JlJeteor studieFi_ Although it 1s not mentioned aa 
a Canadian activity, the Earth-satellite progl'Bln is of very 
great intere st t o astronomers. 

The major participeting grollps in t.he C&nndlBn Program 
are the Department of Transport , the Dominion Observatory of 
the. Department of Mines and Technical Surveys, the li:"atiomu 
Research Council and Defence Resenrch hoard, and the Urn versi ties 
of Alberta, Saskatchewan, Toronto, Queen's and Western Ontario . 

The r.reah:ult astronomical interest centres nerhaps 
on solar activi ty . 'rbe period of the I .G.Y. 'Was chosen so as 
to coincide with the maximum of tbe sun-spot cycle. Al though 
it i s sOttlewhat errn<: i c , the muximUl~ wi]l occur ahout this time ; 
current observutionr. sugges~ ~hnt the spotted ness 01 tbe sun 
may not be as great as predicted and we may a]reOOy be over the 
pf:ak. 

Sunspots are apoar ently seconda.ry phe nof'l1cna , one of 
..1 varioty D1' ~yr.\n1.o!u s Ol' c.llstm':...ed areas near ti.l !;; solar sur1'aco. 
Othc:r pbenolilenll aar;ociated wit.h "he s e d:l etllrbed 3.l"eas are strong 
local magnetic fields , increused 61!'.ission of light from areas in 

Dr~ Iv'.ucrw.1) is ProfeE cor of As L:ronomy at the University 
of 1Iol'Qnto . 
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the lOIRr corona (t.he lOIJ-ds!l6.it;y ou~:r utmotrf,herc: of -.t II Sun) I 
and Bolilr fll1TCB, OT' gITtall area(!!' of lnt.enoe brlRllVnlnr. of the 
so)ar surface . In addition, promim'nce activity is Flnhancoo and 
corpuecu] ar pmasion t.akAS p] ace oQcnslonuJ ly 

Uti oup)1 the sun is on t..bP whole st.ead:! and qu.1er. at 
optictU. wave-lenet.hs, 01. radio w8vlJ - !enr-t.be the 81 uat,1on is 
qUite dHferont. Ttle Int.ensity or emission ,,1 radio "'!lve-lengtb 
,"adionon (1 em to 1Cl metres) 1s mucl. morc v&.risble S8 the spot. 
c/cle wuxes and \lnnss, and durinl~ d1st.llI"bed neriode (mlrlUtes to 
days in dUI'o.t.lon) r,reot bursts of radjat.ion lind noine oturms cu.n 
be r ocorded by rt1.d io telesc.'opes. Activity recordod r.it a11o r t. radio 
wavc-lenp.th Is related to occurrenCss clooo to the Bolar ourfnce , 
while that at the Ioneer wave-lenrtbs OOrrJeB froM dhturbanoee In 
tho out~r coronn. Such observations are valuable indicas of eeneral 
solar activity_ They ~1ve varnanec of associated terre8~rial dis­
turbanccs too £0110\1, secor.ds to many hours 1at.f:iT. MlC"..h 88 auroral 
act.ivity, geOm4~DCt1C disturbances, cosmc ray bur&tB, l1nd dIs­
turbances Df t~c ionosohere. The pensra! circulation of the at­
IDOspbon:. ~a:; even be arr",ct.ed ~ The ttCOnB hi( 'oIt>lct- the Sun nxEJTts 
it::: influence on t.he Earth appears to be t.hro'J:.!h increased e ­
mission of l,l} t.ra-violet radiation Dt. UIG tirr.8 01' fJ4N'IB 800 the 
o1ll1esion eli' atomic particles or corpuBcl~s in l'aoldly nc.viJ'lr 
strenms Clr sf1rays tn ttl.! plane of t.ht." earth'p orbit. 

Solar TSl11st.ion has been record.e1 c:.Oflt1.nU01Jt51y for over 
ten. 2aTS by to. gl'oun at t.he J~aUonal Resec.rch Council In Otta .... a 
a t 10 em vavc-leny,th. At the Univers1L7 of Toronto a nay radiq 
tele8coue \0111] be in operation at. 6. IJ8',e-lenrtb of 0"9 metre. l2) 
Othor CunadiGn observations at. 6C c-m .. in be marle h:I thf'l O.R . D. 
TuellA stat-ionn form "art of n \oIorld-W'jue nel ..... ot'k \oIh~O!L w11J kce? 
n wat.ch on t li l'J Su n t or 21. hours Fl tlay Basod on their ohservations, 
lI Ale1'Ls" and nSpcdaJ World Interval a" \01111 bo declarerl hy the 
World Warnin!! Ar.~noy ODe-rated b:,r t.ho Bureall ot StClndal'da at Ft. 
801 voir f Virrl n1 IS. The fIt'.eteoroJ oI11r.&1 Tol DCQtn1)llUflJ ('b !.i on Networ ks 
dist.ribute theso va.rn.ines daily around noon, lJ 

1n addition to T.ne radiu obB~rvBt1ons J apt.ical oh~cr1."a­
ti0Tl8 urfl &1('10 belnp, "'lade cont.lcuouely on ~hR Sun. The Dominion 
O'oservat.ory has equlmr2nt t.o photcftraph tUI.! Sun at 0 IJovruenKth 
ot (,563 A (H-aJ'Pha) 2-n tt.e c:earcb for aO]$r fle.J'S8. 

of tohe 
Tho 

l.G, Y 
earth·satcl llte- prorrrun 11 one of 

1I.any detllils of r,ltLl ol'O.1cct \01111 
t.he hijt~. -polnts 

be !C'und 1n he 
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ref"rence cited 0 (4) The latest word is that launching of tile U.S . 
vehi cle may be delayed until early 1958; the Rus sian satel1ite, 
which is generally expected to travel over the poles, may be launched 
at the same time or earlier; fi rings may be anticipated near t he t i mes 
of ne" moon o One of the many problems to be tackled by means of 
such space-bor ne equipment will be tile measurement of t he albedo of 
the eartho This .Till. give meteorologists a measure of the fraction of 
sola r energy absorbed by the terrestrial atmosphere , a be.sic meteoro­
l ogical quantity. 

Meteorolo gists, especially t hose at relw te stations, may 
be interested to kno" thR-t simple visual observations are badly needed 
t o fill gaps i n the observations planned by some of the discioli nes 
mentioned at the begi nning of this article. I n part i cular , obser­
vations of the aurora and of meteors are most valuable , and details 
of what kind of observations should be made can be obtained by cor­
respondence 0 (5) 
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GLACIOLOOY AND TUE IN1'oilNATIOHAL nEOPH'/SICAt YEAR 

by 

J , A ~ Jacobs' 

About one tentil of' al) tre land surface (If Lhe Earth (about 
6 million square miles) is t.oda.:{ pernlancnlly novered with i ce. 
Glaciers are found on all con t inents, ~ith the mc.ceotion of Australia , 
and occur ev"!n in the 1..rooies at high altitudes ill S. America, Africa, 
and New Guinea. However, like Siberia, mucb of C'ont t ne ntal Canada, 
even thougb cold and rcltlt.ively bigh, has only smull glaciers, because 
of insurficient moisture. Glaciers are extremely sensitive to 
meteorol ogical factors, and in tUl'n~ thems.;lvss exert an appreciable 
effect on the .... eather of this planet. 

The 1.,0. y. l'>!'ogruJll1uea in meteorology J or:eanop;raphy. and 
glac i ology \oIill f or m a roordinatcd study of t.he heat, and water budget 
or the Earth ., Some of tile main purposea of the g1aclologica) 
programme are to investirate the dynamic prolJerties a nd Mass 
bodgets of' gl aciers together with the eXcl'lange of mass and energy 
between glaciers lind their environment. In pLUticular, efforts 
will be made to determine the volume of polar ice locked in t.he 
great ice sheets of Antat'ctica nnd Greenl,e.'nd and the floatin tt ice 
of Lhe Al'ctlc 08sin. If all the ico in Antarctica were to mel t, 
sea level would rise by a.bout 200 ft~ wbleh would iJa'Je tremendous 
economic and poli bc!.!1 rf'!Jercllseiona - ice locked ports in thA far 
North would be openerl, important coastal 01 ties and ) ow lyine coastal 
lands wouJd be flooded, und t.here .... ould be a redistribution of cue 
v6st arid and verdant areas of the world. Tho !U"ca of tlll:; inland 
ice of Mt&rctico 1 s ,,,ore than 5 mi)lion square miles - the Ilnkno\J11 
ia its t!!lckness ",hich w111 be measured by Sllisrrdc melil ods. 1'1.m 
bulk of the A.Yltarctic ice probably lies under the: East Antarctic 
dome - and it is antic~pated that it ~ay prov~ to be in EXC~R6 of 
15_000 J't It:"5 also est~rnaLed thnt thE' mean tLicknasB for the 
~ntire ice sneet is more than 5,000 ft A (,/.? mile traverse} rrom 
Little Americu to B;rrn. Station was t:omoi.etnd in Janl10ry 10 5? .... here 

Dr Jecubs l Professor ni r.eClDhJ'sl.C':l ut Lhe Un.:' vorRity- of 
Toronto is r:-resently (1f)57-5e) arflJ1nter1 'Witb the 
Univ~rsl y O~ British Colnlobla. 
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Lhe ieo thickness was found to be 9850 ft. Since the station 1s 
only 4950 .ft . aLove sea level, this means tha.t the surface of the 
Earth's crust on which the ice reslis in this urea is more than 
4 , 900 ft. below sea leve) . The Russians have also confirmed thnt 
the ice cap in sovernl places is below ~ea level, Bnd suggest 
that Antarctica may not be an ice capped contine~tal land mass 
but a group of islands . 

Meltine of 2~ to 35 ft. of ice £rom t~e entire surface 
of the Antarctic ice sheet wou1d raise sea level by one foot, and 
t.his amount of meltior currently occurs on glaciers in other 
parts of the worlel in a fev years. Studies durinG the I.G . Y. of 
accumulation, w~stage and other micro·meteoroJogiral factors will 
help to evaluate the poss i bility of sucb an occurrence in Ant­
arctica. Wastage of Antarctic ice occurs by TTleltinJ' , 8V8oonltioDJ 
wind arosion; and calving in the Corm or ice-bergs, althoUp'h melt ­
ing and eveporat.ion fleem to be the only wastage processes likely 
to bo much :i.nf1uenced' by climatoloGical changes. The Ant.arctic. 
1s so cold thnt a cons1derable warming cOll ld occur without not­
ably increasin~ melting and evaporation . In fact it is more than 
possible that an increase of temperature in the Antarct.ic would 
produce an expansion of the jce o~C to the increased snowfall 
r osulting from the greater 'Water vapour content in the atmos ­
phere ~ 

other ob.19ctives in the I ~ G.Y. glaciologica1 orogramme 
arc a study of snow stratigraphy, ice movement, temperature and 
topognl.nhy- or tbe ice surface an(l the land. beneatb tbe icc. A 
detailed survey of' the p,laciers of the world will also be under­
tllkun and an attempt will be made to determine tho pattern of 
regional cliro'.ltic trends nnd the bistOJ'ical pat tArn of cJ j matie 
chan~es us revealed by oreaent and past glacier activity. To 
obtain t"ull benefit of such a progrrunm8, r:leasurements should be 
repeated after an interval of so~ 10 to 20 years. 

fold -
The Canadian l ~ O~Y . programme in glaciology is tbree -

1) Expeditions to the Salmon Glacier, B.C., 1956 
and 1957. 

2) Expeditions to -Lake Hazen on Ellesmere Island, 
1957 and 19,)8. 

3) Extension of" the present CaYladlan Snow Survey. 

Tbese projects were not entirely developed because of the I.C.Y. 
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ry'h"'l exoeditions were carried out as part of an intensi.fied devel ­
opment of Canadian science in Glaciology and it ie hoped that the 
I . C.Y . will provide the ~mpetus for a cont lnuine programme in this 
field. The area chosen for til first expeditions was tbe Salnon 
and Leduc glaci ers together with the sllrrouodinp; SOO,", fields wbich 
are situated near the coast of British Columbia oonosite the southern 
tip of Alaska {approximately lat. 56D 10 ' "N, long . 1300 15' W}. 
This area lies between tho- f,J acfer9 from tbe Juneau ice. field to 
the North which are retreat.ing and those of the Wnshingtoo Cascade 
and Olympic l-iountaino to the Hauth which are advancing. EJeven men 
took part in the 1956 expedit10n which lasted frot'! -,;.tJe middle of 
May until the end of Allgust . It .... as sponsored by the National 
Research Council and .... as under T,be leadership of Professor J. A. 
Jncobs. The maln part of the programme wes given oyer to extensive 
seismic and gravity- surveys ~ In all 354 seismir:. profiles were 
shott t.he work being grently fflcilitated by tito ri:rannllc Mining 
Company .... hich provided air- borne support and the lonn of 0 s no-
cut tractor. Prelilrlinary CalCUllltiollS indicate that the deeth 
of ice is in general a bout ono-half t.he width of the glacier -
amounting to 2,000 - 2,400 ft . A very detailed grnvity survey 
"Was carrIed out on the Salmon G-lacier and the surrounding 500 .... 

field 0 At lirst the survey was carried out in loops tied to a 
chained and levelled base line which extendod over 20 miles with 
atations every 600 ft . As tbe tirn l~ne r eceded, sev~re cre-
vassing made tbe work d1!'fiC"ult lind a survey was carried out using 
two transits located on adjacent mountains controlled by a system 
of visual signnls~ Absolute f'lovelTlent of t.ho glacier surfa~e was 
determined from the movement of stnkes and was of the oruc r of 8 
inches 9. day~ Samples of ice at various depths down to 80 ft . 
were collected for an analysis of their tri ti1.Wl cont~nt. 

The ]957 expedlt~on to the Salmon Clacier was under the 
joint. leadership of Dr~ R. R~ Doell and Dr ~ Gb Garland. The work 
this year \oI B.S mainly met.eorolog'ical including studies of the ab­
solute movement of tho glacier., This Jatter work was dona byob­
serving tbe movement of st.akes and by detailed photogramrnetri c 
t.echniques I.o'hicb w11.1 also yield recent chnnges in the volume of 
the glacier. Further gravity work war. carried out and the vertical 
component of the Earth I 5 magnetic field was also moasurer]. otber 
work included accumulation and ablation records from pit studies, 
strerul ~auging of the main r1vers [loving r rom the glaeier and geo­
morphological work in the surrounding ice·free araas~ 



• 7 -

An expedition to Lake Hazen on El l esmere Island was made 
1.0 1957. This expedi tion '\.las under t he direot super vision of the 
Defence Research Board, and was led by Dr. HattersJey- Smith . 
Geophysical work included gravity and s(>ismic traverses Oil the 
ice cap north or Luke Hazen . l'eteorological obS8rvat, i ons were 
carried out in connection 'With glaciolop:icf! l r.tudies antl another 
party will spend the winte.!' nt tile main baae on the Nort.h shore 
of Lake Hazen so that. a continuona record of the weat,her may he 
obtained for one yea:r. Geolor,ists acccrmani",d tho Qarty and 
illvcstfgl-l.ted the stratigraphy, oetrol or,y and I1t-ructures of the 
region as we) ) t!::i ~~lacial Ce01of"Y f:l.nd IhtnoIog! ~ These 1 at tel' 
~j'tudies iD('~ll1ded erosion by the glacj ere in the ara a , trllns­
port3tion and deposi t.ion of dr1 ft h,Y ice J melt \laters from the 
glaciers and wind ~ Physical fJ,nd chemica) processes of wDtlthering 
under arctic conditions were also studied. It. is hoped to run 
another larGer exnedition t.o this area in 19S9 1 the party to i n ­
clude a biologist and 6n archeologisto 

The snoW' co'/<:!r survey sponsored by the National Research 
Council has been active in Canada since 1947 s od observations at 
7 additional stations vill be made durins the I . G. Y. There are 
three mai n ob jectives -

1) The determinution ot' the l"el!ltion of visibiH t.y wUh 
respect to bl awin,.. snow, !"''ind velocity c:.nd Anew Burface 
characteristic8 ~ 

2) The determin~tiDn of tho oGnsity of new snow and its relation 
to th~ metaoroloeica1 variables measllred • 

.3) The initiati on of an i nvestigation into grounr1 terperatures 
near tllo surfnce and thej,r dependence on t.hp s now cover and 
measured T'l9 teoroloeica1 variables ~ 
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CANADIAN HETEOROLOGrCAL PROGRAN 

FOR THE 

INTERNATIONAL GEOPHYSICAL YEAR 

by 

W. L. Godson 

World meteorologists have decided that. Intornational 
Geophysicb} Year investigations should be directed toward the 
laree - scule physical , dynamic and thermodynamic processes of 
the general oirculatiol' of the 4ttnosnhere~ It is certainly true 
t hllt our knowledge nnd understanding of the gener:l1 circulation 
are quite incon:plete at pr~sent. However, jt irs quite probable 
that the behavi:::: ur of t.he .... tmosphere on :!l broad scale can be assossed 
adequately by an flnalys15 01' data from an expanded observa tional 
network. 

Wi th specific reference to the Canadian meteorological 
program, the expansion of observational networks will take many 
for/fls o The basic data concorn1nc the gener al circulation are ob­
servations of wind and temperature fields . OUr nresen~ networks 
cannot reasonably be extended in space or in time but can be ex­
tended in the vertical to permit the acquisition of data from 
re l atively hie1i levels . Near the standard meridian o f BOoW, we 
wil l try to r each or exceed the 80,000 foot level , at least once 
a day , at a chain of seven stations. Even though only 2'- I)er cent. 
of the atmosphere lies a/Jove this level , it is no .... realiz.ed that 
phenomena at such levsls ar~ distinl'tive as weI).. !lS j nterestil."!g, 
and may \JelJ he si~niC~cant as fsr as dave] opmants beJ ow are con­
cerned. 

Limit.ed stud i es of rne taorolog-ic!iJ cha.rta a t ]00 mb 
(near 16 km) and 50 nib (near 20 1011) bave shown curious diIi'erences 
between these rlo~ patterns a nd those a~ )awor )eve1s. Especially 
at 50 mb and abovE- , there are found .fairly extensive cyclones and 
anticyclones whjch mavs slowly and are Doorly correlated with flow 
patterns at normal. lev~J B . In the winter Arctic st:rar.osphero , 
the mean positl_ons of the cyclones ani! a.nticyolones seem to vary 

I Dr . Godson is Superintendent of Atmospheric Research at 
Headquarters of the Veteorologlcal Services of Cunada at Toronto ~ 
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f r om one yaur to ~,he other. Cyclones are relatIvely cold , Irlth 
temperatures of the order of - 70 to -80°C. Tbe coldest tem­
peratures are found in the S-W quadr ant of the cycloOP.s and 
here no wall-defined tropopause exists. Anticyclones , on the 
other hand, are relatively warm, with temosratures of the order 
of - 1,0 to -50oe. Thus} in winter, the Arcti c stratosphere is 
col d or warm accordin~ to whether tbe circulation 19 cyclonic 
or anticyclonic& The isotherm Dlll..Cerns seelT' to inuir:ute that 
these temperature contrastn are chiefly maintained by vertical 
motions, but it is clearly necessary to invoke non - adiabatic 
processes to explain the deveJoument of these c.ontrasts through 
the .full raonths and their decay through the lnte winter and 
spring mont.hs. The logical mAcbanism involves the differential 
radiative cooling and l1cet.ing across the boundary of polnr night 
as thi 5 boundary moves southward during t he autumn months and 
northward dUrlng t.he wlnter months~ The chief absorber of solar 
['udia.t.1on at these !Jig!';, levels is ozone, whe r eas tills ctlief 
agent; promoting infrared radiative cooling is carbon dioxide. 
Since o?one is variable io the horizontal nnd vertical, as welt 
as in time, ozone observat i ons, especially 1n JU'ctic regions, 
will .form a vi tal link io our IGY.-p;t:op;ram. 

In the Research Section of t.he ~eteoro1ogical Service , 
we have been studying these phenomena in various ways. The tlme ­
smoothed temperatlJre data at the 100 I11b level have proven par­
tl.cularl y re~aJ. inti j and two \-tinter sequences for- four Arctic 
stataons ne~r the 800 W meridian nre sho",," in Fig, 1 0 Here are 
shown lO-day running- mean 100 mb temperat ures for Alert , on the 
northorn tir of' Ellesmer e Islll.nd, Eurel(a~ Resolllt.e and Coral 
Harbour, on Sdut.hllmpt.on Island ~ .for the winters Df 195A- 55 and 
1955- 56 The t~empeJ'Dture soales extend .from -40 to -75° C. 

The moat st.riking feature of t.his r,raDr is thr:} ex ­
treme dtssimllaril.y o f LhrySd :"1.10 wint.ers. DnTil'l l-! l.1, Cl 1~~4- 55 
winter ... arctic strClto~nhere te[~oerat.ure8 \"'ere gene rally rel ­
atively warm,:r typical of aoticycJ Or.1C condi tions. During the 
1\ 55-56 winter. arct1c stratosphere tO~p6r5tures were e8n ­
erally relatively cold , LYP1Ca] of cyc:onlc cond i tions. A 
detailed st.udy of these curves reveals man~ other dif~erences 
beLween the tllD winter s DudnJ lato autumn 195~, there was 
ao cooling, on the llver;lge, a.t Cornl Harbour, and l). r:oolinS at 
Aler'L only until tho end of t! 6 year ~ A moderate N - 5 tempor ­
!lture eradient developed} accompanied by neriodic temperature 
£luctuutions \>I1t.h a ner10d of about 20 day:;~ Shorter- period 
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flucr.uatlons llr'A, of course, ~eat1:r dwr,ped by t.he \I:;e of lO-d8'3 
running llJBRna. A pronounced chCltlge occ:urs 1n early January t v1th 
o.U station!! \IUrUIlng to relatively high tClllper!tt.urea . U- S tem­
perature gradients beco~ insignifichnt and, simultaneously, 
large - ampl itude tetf.peTtlture '.laves dlsappea.r.. One haa the 1M­
prussian of ~n ln8~auility phenomenon, generated by n maximum 
field of barocl1nicity, -rollowd by ,. thrU8t nor hvard into the 
Arctic of wurm stratosnneric nil' fro' , 8un-Arct1e or northerly 
temperate area~. 

Tho follo\J1nc year displays 8 tilliS 8t!quew::e which is 
"urpriainaly different. Dur1n13 la.t.e aul.umn 1955~ all stat.iona 
cool quite rsoidly until near the end of t.hr year. DurinR Lh1s 
poriod~ only a. wank Tl - S temperat.ure gradient. davoJoned nnd no 
marked quaaJ-r.eriodlc t.emperature fl, ctuntlon:J werG cv1dt'nt. 
The uniformly cold temperaturos at tho vintf'T tlo] st 1 eo rop­
resent s eynoptic situr.t1on qu1t.e d1fforent frO!!! that. a year 
previou!!. AlT1ne tbe first two r.'Onths of 1950, th'J c(!nt.,-8.1 
ArCl.ic r-nma..inG very cold at 100 mb 7 wllile further ~out.h there 
18 a slow t8~lalur8 recovery.. As tllc i~-S t.emperalure gr.adient 
bunda up. there develop quasi-oeriod1c t·oftloorature nUctuations 
of' lncroa~l!lg o.mrl1t.udl:! snd ~ period of SOOut )0 d(lYs. rhe 
mllXinum borcel1n1c:1ty at the end of February W48 !ollo\lad b)r 6n 
unslable \lavo behaviour 1.n Vi1icb ccld air plunrea aouthward 
from thl central Arotic into t.he Itairl Arct.1c and Bub-Arctic 
areas. By add -March, the normal wint.er N~S tat'l'lfleTat.u:"O r,radient 
WaD te~oTarl11 reversed , but ~hi8 s1tuation only laated for 
".bout. 10 days.. During the last two weks 1n f/.aroh temporat.ur es 
warmod very Tnp.1dl:l ut all sta t tons and levoilcd off in April 
Mar -45°C. Thill warrrun,! !'!:ld occurrert over 2.;- I'I'IOnt.l l ~ earlier 
in 1955 , but in the or!:vious .... inter lwd Tlot. boe~ assodutod with 
0. prior fJJunse oou\.rn-l8rcl af very cold air' 

These quite di1~rerent evolutions of tho tLermodyn81nir. 
t.lllld of Leruoera't.ure were accof1lparued by marltl::dly dlBF1tnilar 
dynuudc: developments In pu.rt!~ul6.l', ono can IdcHltif,y areas 
and ~1~B of 8~ronc temperature @rad~ent as being associated 
vit.h pJ'onouncod vertIcal \lind :shear If wind velocit1es shoW' 
a claal'cut O'\8.JI:iltLll, 1n e lhree.-dimenslonill,y narrow current , we 
6~ tohut a Jet stream in pr9~Dt.. Onl! ;J'Ould tt:arefoTe 8Xl)8ct 
~hA ~tronRly barocllnie QeTiods 1n tho Arctic Vintar 8trntoBph~re 
1..0 nroduce An 1ntenae h1gh- level jet. stream. Late December 1951. 
"as ono such period , and v1nd speedf\' !UI b1rh 88 140 knots vere 
Obssl.°ved ttL thaI. t.l.me~ An excellent 'l'Xer.mle of Bu~l' • . 1e:~ stream 
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was observed in lote February,. 1956. and ie to be i'01l1Kl 1n the ApriJ, 
lS"'S?, Journtil of Meteorology (p 131) .. 

TId 6 vertical cross-section contains wind and temperat.ure 
data .for February 26, 1956, 1500 G.I~.T ., alone e line from Alert, 
on the left, to Whitehorse, on t.he rir,ht. The stroncest winds 
were NW to NNW, roughly at rir,ht an~les to the section, the vector 
winds beina represented symbolically on t,he plot . Tile solid lines 
are i:oopletll:J or wind spoed in kno ts . the dashed lines are isotherms 
in degrees Celsius" rbe highee!. reported wind on this cross so(:tloD 
is about 160 knots, n~ar the 80,000 foot level ut Eureka~ The 
strong concentrated tOll'paratl1re r,radlent he10\1 tho jet streBJ)1 is clearly 
evident; the temperature increases from -70° C to - 50° 0 in a distance 
of 700 nautical miles.. Southwest of ReaoJute, tho stratosnhere is 
nearly isotlJsrmal botll h1 the vertical f:!.nd horizont.aL It is also 
apparent from thi:-; cross-sect~on that the wiT!o strur>ture below the 
tropopause, near 300 If!b~ is poorly correlated .. 1it.hthlJ.t at. ltigh 
levels . 

There seems to be good evid enoe UJst tne Arcti c. area in 
winter exbibits a mllXirrrum i ndependence of low-level I-..nd high-leve] 
circulations ~ Tbe existence of the ArctiC winter stratospheric jet 
strcBJ!I offerr; By-cellent !)roof of thiE bf'-lief. It ia 'Ol'obab]e t11at 
differential solar heating of t.he ozone layer, across t.he boundary­
of poJsr night, is the primary physical " .. 'ocess initlatina the ,iet 
stream in the rDD ~ and intensifyinG it in the. winter. The sim­
ultaneous develooment of .!ltrong burool1nicity and quaai-Deriod1c 
large-amplitude tempel'll.tura fluctuations is undoubtedJy closely 
related tr) tilt;) intlOl nslfication cf tile Jet streamG The breakdown 
of all t ,'rec was observed in both thc vinters so far studied and 
appear::: "to be n fort'!. of bnrnr.lintc instabiJity, D.sMciated with 
11 circ1.Jle:tion chan€:e to 11 marked celJular oattern - anticyclonic 
in e6l'1y 1955 and cyclonjc h 1956. The data. collected to date 
are not, bowevcT . adequate to present i1 clear picture of the wi-nd 
anu tel~peratllre structnre abolrG the] 00 mb levol . The.25 mb, or 
25 km~ level is nenT t,he middle of the ozone layer and probably 
nbove the !'lsd1!:l,O leveL It 1s hers that, the primary effects of 
di£ferential Golar heutinr sho~Jd be sour-ht, and correlated with 
ozone amounts and vcrt:1..c31 diEtribut.1ons . Studies such !l.5 these 
will ~ it is hopeu j be possibJe with t.he data to ue gathered durinc 
the IGY 1 so that the J'l'echaoisJDs uTl.v1nr these hiVI-level circula­
tions may be elucidated. 

It; rrrus"t. not oe thought that we will ner:leet studies of" 
t,he dynwnics and thermodynamlcP of the Imler-level elrou) stions. 
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Here, kno'wledge of the circulations thomselves is relatively 
adequate, but t.his is not true of the drivi11r. fo r ces involved .. 
Of particular importance are studies of the budgets at the eart.h ! 5 

surface 0.£ heat, water v!1pour and momentum. Eq\lS1Jy i mportant will 
be the assessment of the effects or topography and state of the 
ground on vgrtical fluxes of heat, wat.er nllb~tance and momentum. 
Canadian studies such as tbese will be concentrated mainly on Arctic 
r egions since tbe IGY offers a rara apool'tunity to carry out in­
tensive and expensive programs in loglstically-difficult areas. 

It would be foll;y 1:.0 try to estiJllnte the long- I'snge reaul t8 
01' analyses of Canadian meteorological IGY data . It is our hope J 

however, thnt, wLen we have unr avelled the mysteries of the physical 
motivutions of the atmosphere's general cir culation J ~e will be in a 
position to make a frontal attack on problems of extended-range and 
long- ran(;'e .rorecastinr.~ We are coovin c:ed t.hut such I"C I'e casts are of 
grslit. potential vcliue to the nation's ecOnOllW., and we are most anxious 
to overcome t.he scientific and manpower deficien~ies ""hi ell presently 
ilrJpede progress 1n this direction . 



1914 

."'" DECI " .. JAN I fEB I 

- 13 

M"" .,,' MAY ' JUNE I 




