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ASTRONOMY AND I'NE INTERNATIONAL GEOPHYSICAL YEAR

by
Donald A. lMacRae.'

The keynote of thie International Geonhyaical Year ig
Neonecentration of effort". It is an Internatiopal cooperative
orgpanizetion of secientific activity involving multinle disciplines
o a world-wide scale, Tenipght's addresses digeuss the three
sciences of agtronomy, meteorolopy, and geophyeies in reletion
bo the I.G.Y. as if, perhaps, there are sharp dividing lines
between them. dctually, of coursz, they overlap, and astronomy
ip particular gpills over into the other sciences. Cf ths
el ve diﬁc%m}ihea listed by tle Canadian Wational Committse for
the 1.G.Y. 1/, astronomy is closely connected with nine:
Geomagnetism, Aurora and airglow, Ionospheric Physles, Solar
Activity, Cosmic rays, Longitude and Latitude, Seismology,
Gravity and Meteor studies. Although it is not mentioned as
a Canadian activity, the Barth-satellite program is of very
great interest to astronomers.

The major participating groups iu the Canadian Program
are the Department of Transport, the Dominion Observatory of
the Department of Mines and Teclinical Surveys, the Mational
Heseavch Council and Defence Research loard, a&nd the Universities
of Alberts, Saskatehewan, Toronto, Queen's and Western Ontario.

The prestest astronomical interest centres nperhaps
on solar activity. The period of the I.G.Y. was chosen so as
to coineide with the maximum of the sun-spot cyele. Although
it is sorewhat erratic, the meximum will occur about this time;
current observations suggest that the spottedness of the sun
may not be as great as predicted and we may already Le over the
peak o

Sunspote are apparently secondary phenomena, one of
4 varicty of gymotons ol disturbed areas near Lhe solar surface.
Otlier phencuena assoclated with these digturbed areas are strong
local magnetic fields, increased emission of lipht lrom areas in

Dr. Macdac ig Profegoor of Astronomy at the University
of Toronto,



the lower corona (the low-dansity outer atmosphers of tbe Sun),
end solar flares, or small arsas of intense brightening of the
solar surface. In addition, prominence activity is eanhanced =nd
corpuscular emission takes piace occasionully.

Althoupgh the sun is on the vhole steady and quiet at
opticdal wave~lengtlis, at redic wave-lengtbe the situation is
guite different. The intensity of emission ol radio wave-length
radistion (1 em to 10 metres) is much more variable as the spot
eycle waxes and wanes, and during disturbed pericds (minutes to
daye in duration) preat bursts of radiotion and noise storms cen
be recorded by radlv telescopes. Activity recorded al short radio
wave-length 18 related to cceurrences close to the solar purface,
while that at the longer wave-lengtlie comes from disturbances in
the outer corona, Such observations are valuable indices of general
solar activity. They pgive varnings of associated terrestrial dis-
turbances to follow, seconds toc many hours later, such as auroral
activity, peomagnetic disturbances, cosmic ray bursts, and dis-
turbsnceg of the ionosphere. The peneral circulation of the at-
mosphere may even be affected. The means by which the Sun exerts
its influence on the Earth appesars to be throuszh increased e-
mission of ultra-viclet radiation at the time of flares and the
opmigsion of atomic particles or corouscles in rapidly moving
streams or sprays in the plane of the earth's orbit.

Solar radiation has Lsen recorded contimuously for over
ten years by & group at the National Research Council in Ottava
at 10 cm wave-length, At the University of Toronto a new rndi?
telescope will be in operation at s wave~lenrth of one metre, 2)
Other Canadian observations at 60 em will be made hy the D.R.B.
These stations form vart of a world-wide network whiell will keep
a wateh on the Sun for 24 hours a day. Based on their ohservations,
"Alerts" and "Speeial World Intervals" wil) be declared by the
World Warning Agency operated by tlio Bureau of Standarde at Ft,
Belveir, Virginia, The Meteorelopgical Tolac?mTuuicahinn Networks
distribute these warnings daily around noon.\3

In addition to the radio observations, optical obgerva-
iong ure also being mede contipuously on the Sun. The Dominion
Observatory has equipment to pbotograph the Sun at a wvayolength
of 6563 A (H-alpha) in the search for asolar flares.

The earth-satellite program is one of the high-points
of the 1.G.Y. Many detsils of the project will ba found in the
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GLACIOLOGY AND T'HE INTERNATTONAL GEOPHYSICAL YEAR
by

J. A, Jacobs'

About one tenth of all the land surface of the Earth (ebout
6 million square miles) is today permanently covered with ies,
Glaciera ares found on all continents, with the exception of Australia,
and ceeur even in the trooies at ligh altitudes in 8. Ameries, Africs,
and New Guinea. Howeyer, like Siberisa, much of contirental Canada,
even though cold and relatively high, has only small glaciers, becaus=
of insufficient moisture, Glaciers are extremely sensitive to
meteorological factors, and in turn, themselves exert am appreciable
effect on the weather of this planst.

The I.G.Y. programmes in meteorology, oceanography, and
glaciology will form a vcoordinated study of the heat and water budget
of the Earth, Some of the main purposes of the glaclological
programme are to invegtipate the dynamic pronerties and mass
budgets of glaciers together with the exchange of mass and energy
betwsen glaciers and their enviromment. In purticular, efforts
will be made to determine the velume of polar ice locked in the
great ice sheets of Antarctica and Greenland and the {loating ice
of the Arctie vasin. If all the ice in Antarctica were to melt,
gsea level would rise by about 200 ft. which would have tremendous
economlec and politicel repercussions = ice locked ports in the far
North would be opened, important comstal cities and Jow lying coastal
lands would be looded, and there would be a redistribution of the
vast arid and verdant areas of the world. The area of the inland
ice of Antarctica is more than & million square miles = the unknown
is its thiclmess which will be measurad by seismie methods. The
bulk of the Antarctic ice probably lies under the TBast Antarctic
dome - and it is anticipated that it may prove to be in exesss of
15,000 t, It is also estanppted that the mean thickness for the
entire ice sheet is more than 5,000 ©t. A 647 mile traverse from
Little Americu to Byrd Station was compieted in Jamuary 1257 where

' Dr. Jaecobg, Professor nf Geophysics ut the lin!versity of
Toronic 1s oresently (1957-58) afriliasted with the
Univergity of British Colnnbia.



the iee thickness was found to be 9850 ft. Since the station is
only 4250 ff. above sea level, this means that the surface of the
Barth's erust on which the ice rests in this area is more than
4,500 ft. below sca level. The Russians have also confirmed that
the ice cap in several places is below sea level, and sugpest
that Antarctica may not be an ice capped continental land mass
but a group of islands.

Melting of 25 to 35 ft. of ice from the entire surface
of the Antarctic ice sheet would raise sea level by one foot, and
this amount of melting currently occurs on glaciers in other
parts of the world in a few years. Studies during the I.G.Y. of
accumilation, wastage and other micro-meteorological factors will
help to evaluate the pogsibility of such an occurrence in Ant-
arctica. Wastage of Antarctic ice occurs by meltine, evanorationm,
wind erosion; and calving in the form of ice-bergs, although melt-
ing and evaporation seem to be the only wastage processes likely
to be muech influenced by elimatological changes. The Antarctic
is so cold that a considerable warming conld occur without not-
ably increasing melting and evaporation., In fact if is more than
possible that an incrsase of temperature in the Antaretie would
produce an expansion of the ice owing to the inereaged snowfall
resulting from the preater water vapour content in the atmos-
phere

Other objectives in the I.G.Y. placiolopical programme
are a gtudy of snow ptratizraphy, ice movement, temperature and
topography of' the ice surface and the land heneath the ice. A
detailed survey of the glaciers of the world will also Le under=-
twaken and an abttempt will be made fto determine the paltern of
regional climatic trends and the hiestorical pattern of olimatic
changes as revealed by oresent and past glacier activity., To
obtain full benef'it of such a programme, measurements should he
repeated after an interval of some 10 to 20 years.

The Canadian 1.G.Y, programme in glaciology is three-
Lold =

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

2) Expeditiona to Lake Hazen on Ellesmere Island,
1957 and 1958.

3) BExtension of the present Canadian Snow Survey.

These projects wers not entirely developed because of the I.G.X.



Tha axpeditions were carried out as part of an intensified devel-
opment of Canadian science in Glaciology and it is hoped that the
1.G.Y. will provide the impetus for a contimuing programme in this
field. The area chosen for th: first expeditions was the Salmon
and Leduc glacisre together with the surrounding snow fields which
are situated near the coast of British Columbia opposite the southern
tip of Alaska (approximately lat, 56° 10' N, long. 130° 15' W).
Thie area lies between the glaciers {rom the Juneau ice field to
the North which are retreating and theose of the Washington Casecade
and Olympic Mountains to the sooth which are advancing. Eleaven men
took part in the 1956 expedition which lasted from the middle of
May until the end of August. It was sponsored by the Nabtional
Researcl Council and was under the lesadership of Professor J. A.
Jaccbs, The main part of the programme wass given over to extensive
seismic and gravity surveys. In all 354 seismir profiles were
shot, the work being greatly facilitated by the Granduc Mining
Company which provided air-borne support and the loan of a sno=

cat tractor, Preliluminary calculations indicate that the deoth

of iee is in general about one=half the width of the glacier -
amounting to 2,000 = 2,400 ft. A very detailed gravity survey

was carried out on the Salmon Glacier and the surrounding snow
fiegld. At first the survey was carried out in loops tied teo a
chained and levelled base line which extended over 20 miles with
gtations every 600 ft, As the firn line receded, severs cre-
vassing made the work dAifficult and a survey was carried out using
two transits located on adjacent mountains controlled by a system
of visual signals. Absolute movement of ithe placier surface was
determined from the movement of stakes and was of the order of &
inches 2 day. BSamples of ice at various depths down to BO ft,

were collected for an analysis of their tritium content.

The 19457 expedition to the Salmon Glacier was under the
joint leadership of Dr, R, R. Doell &nd Dr, G. Garland, The work
this year was mainly meteorolopical including studisg of the ah-
solute movement of the glaciar, This Jatter work was dona by ab=-
serving the movemsnt of stakes and by detailed photogrammetric
techniques which will also yield recent changes in the volume of
the glacier. PFurther gravity work was carried ocut and the vertical
component of the Barth's magnetic field was alsc measured, Other
work included accumulstion ard szblation records from pit studies,
stream gauging ol the main rivers flowing [rom the glacier and geo-
morphological work in the surrounding ice-free arsas.



An expedition to Lake Hazen on Ellesmere Island was made
in 1957, Thie expedition wes under the direct supervision of the
Defence Research Board, and was led by Dr. Hattersley-Smith.
Geophysical work included gravity and seismiec traverses on the
ice ecap north of Luke lazen. Meteorological observations wers
carrisd out in connection with glaciolopical studies and another
party will spend the winter at tlhe main base on the North shore
of Lake Hazen so that a conbinuons record of the weather may he
cbtained for one year., Geologists accompanied the party and
investipated the stratigraphy, ovetrolory and structures of the
region as well gs glacial geolopy and limnology. These latter
studies included erosion by the glaciers in the arca , trans-
portation and depagition of drift by ice, melt waters from the
glaciers and wind., Physical and chemical processes of weathering
under arctic conditions were also studied, It is hoped to run
another larpger exnedition to this area in 1958, the party %to in-
elude a biologist and an archeologist.

The snow cover survey spongored by the National Research
Council has been active in Canada since 1947 and nhasrvations at
7 additional stations will be made during the I.G.Y. There are
three main objectives -

1) The determination of the relation of visibility with
regpect to blowing snow, wind veloeity and snow surface
characteristics.

2) The determination of the density of new snow and its relation
to the metsorological vuriables measured.

3) The initigtion of an investigation into ground temperatures
near the surface and their dependence on the snow cover and
measured meteorclopgical variables.



CANADIAN VMETEOROLOCICAL PHROGRAM
FOR _THE

INTERNATTONAL GEOPHYSICAL YEAR
by

W, L., Godson

World metecrologists liave decided that International
(teophysical Year investigations should be directed toward the
larpe-scale physieal, dynamic and bhermodynamic processes of
the general eireulation of the atmosphere. It is certainly true
that our knowledge and understanding of the general circulation
are guite incomplete at present. However, it is quite probable

that the behavi-ur of the atmosphere on a broad scale can be assessed

edequately by an analysis of data [rom an expanded obseryational
network.

With specific reference to the Canadian meteorologieal
program, the expansion of observational networks will take many
forms, The basic data concerning the genersl cireulation are ob-
servations of wind ond temperature fields, Our present networks
cannot reasonaoly be extended in space or in time but cen be ex-
tended in the vertical to permit the acquisition of data from
relatively high lewels. Near the standard meridian of 20°W, we
will try to reach or exceed the 80,000 foot level, at least once
a day, at a chain of seven stations. [ven though only 2% ner cent.
of the atmosphere lies above this level, it is now realiazsd that
phenomena at such lsvels are distinctive as well as interesting,
and may well he significant as far as developments below are con-
cerned,

Limited studies of metsorclogical charts at 100 mb
(near 16 km) and 50 wh (near 20 Jan) have shown euriocus differences
between these flow patterns and those at lower Jevels., Especially
at 50 mb and sbove, there are found fairly extensive cyclones and
anticyelones which move slowly and are poorly correlated with flow
patterns at normal levele. In the winter Aretiec straftosphera,
the mean positions of the cyclones snd anticyclonss seem to vary

' Dr, Godson is Superintendent of Atmospheric Research at
Hsadquarters of the Meteorological Services of Cunada at Teronto



from one year to the other., OCyclones are relatively cold, with
temperatures of the order of -70 to -80°C. The coldest tem=-
peratures are found in the 8-W quadrent of the cyclonzs and
here no well-defined tropopause exists. Anticyclones, on the
other hand, are relatively warm, with temperatures of the order
of -40 to -50°C,. Thus, in winter, the Arctiec stratosphere is
cold or warm according to whether the circulation ie cyclonice
or anticyclonie. The isotherm patterns seem to indicate that
these temperature contrasts are ehiefly maintained by vertical
motions, but it is eclearly necessary to invoke non-adiabatic
processes to explain the develonment of these contrasts through
the fall months and their decay through the late winter and
gpring months., The logieal mechanism involves the differential
radiative cooling and heating across the boundary of polar night
as this boundary moves southward during the autumn months and
northward during the winter months, The chief absorber of solar
radiation at these high levels is ogzone, whereas the chief
sgent promoting infrared radiative cooling is carbon dioxide.
Since ozone is variable in the horizeontal and vertical, as well
as in time, ozone obsgervations, especially in Arctic regions,
will form & vital link in our IGY program.

In the Research Section of the Meteorological Service,
we have peen studying these phenomena in various ways, The time-
smoothed femperature data at the 100 mb level have proved par=
tienlarly rev=aling, and twe winter seguences for four Aretic
stations mear ths 20®°W meridian are shown in Fig., 1. Here are
shown 10-day running-mean 100 mb temperatures for Alert, on the
northorn tip of Ellesmere Island, Bureka, Resolule and Coral
flarbour, or Southampton Island - for the winters of 1954-55 and
1955=54. The temperature scales extend from =40 to -75°C.

The most striking feature of this praph is the ex-
treme diesimilarity of Lhesa twe winfters. During the 1964-55
winter, arctie stratosphere temperatures were ganerally rel-
atively warm, typical of anticyclonic conditions, During the
1055+56 winter, arctic stratosphere temperatures wers gen-
erally relatively cold, typiecal of cyclonic conditions. A
detailed study of these curves reveals many other differences
belween the two winters. During late autumn 1954, there wag
ne cooling, on the average, at Coral Harbour, and a cooling at
Alert only until tho end of tle year. A moderate N-S temper-
ature gradient developed, azecompanied by neriodic temperature
fluctuations with a period of about 20 days. Shorter-pericd
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fluctuations are, of course, preatly dumped by the use of 10-day
running means. A pronounced change ocours in early January, with
all stations warming to relatively high temperstures. N-S tem-
perature gradients become insignificant and, simultapeously,
large-amplitude temperature wvayes disappear. One has the im-
pression of an instavility phenomenon, generated by a maximum
field of baroclinicity, followed by a thrust northwvard into the
Arctic of warm stratospneric air from sub=Arctic or northerly
temperate areas,

The following year displays & time sequence whiech is
surprisingly different. During late autumn 1955, all stations
cool guite rapidly until near the end of the year, During this
period, only a weak N-S temperature gradient developed and no
marked quesi-periodic temperature {Jictuations were evident,

The uniformly cold temperatures at the winter solstice rop-
resent a synoptic situation quite difforent from that o year
previous. During the first two months of 1956, the central
Arctic remains very cold at 100 mb, while further south there

is a slow temperature recovery. As the H-S temperature gradient
builds up, there develop guasi-periodic tempersture [Muctuations
of incressing amplitude and e pericd of about 30 days. The
maximim barcclinicity at the end of February was folloved by an
unstable wave bshaviour in wiich cold air plunped socuthward
from tho central Arctic into the main Aretic and sub-Arctic
aress. By mid-March, the normal winter K-S temperature pgradient
wag temporarily reversed, but this situstion only laated for
about 10 days. During the last two weeks in Marcl temperatures
wvarmed very rapidly at all stations and levelled off in April
noar =45°C. This warming kad oceurred over 2! months earlier

in 1955, but in the oreviocus winter Lad not been associnted with
a prior plunge scuthward of wery cold air,

These quite different evelutions of the thermedynamic
field eof temperature wers sccompanied by markedly dissimilar
dynunic developments., In particular, one can identify areas
and times of atrong temperature gradient as being associated
with pronounced vertical wird shear. If wind velocitles show
a clearcut maximum in e three-dimensionally narrov current, we
say thut a jet stream ic present. One would therefore axpect
the strongly baroclinic ceriods in the Arctic winter stratosphere
Lo nroduce an intense high-level jet stream. Late December 1954
was one such period, and wind speeds as hiph as 140 knota were
observed at that time. An sxesllent axemple of suck & jet stream
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was observed in late February, 1956, and is to be found in the April,
1957, Journgl of Meteorology (ps I3L)s

This vertical ecross-section contains wind and temperature
data for February 26, 1956, 1500 G,M.T., along & line from Alert,
on the left, to Whitehors=z, on the right. The strongest winds
were NW to NEW, roughly at right engles to the section, the vector
winds being represented symbolically onm the plot, The solid lines
are isoplethis of wind gpeed in knots, the dashed lines are isotherms
in degrees Celsius. The highest reported wind on this cross section
is about 160 knots, near the 80,000 foot level at BEureks, The
strong concentrated temperature gradient belew the jet stream is clearly
evident; the temperature increases from =70°C to -50°C in = distance
of 700 nautical miles. BSouthwest of Resolute, the stratosphere ig
nearly isotbermel both iri the vertical &nd horizontal. It is slso
apparent from this cross=ssction that the wind structure below the
tropopause, near 300 b, is poorly correlated with -that al high
levels,

There seems Lo be good eyidence that the Aretic area in
winter exhibits a maximum independence of low-level tnd high-level
girculations. The existence of the Arctic winter stratospheric jet
stream offars exeellent proof of thie belief, It isg wrobeble that
differential solar heating of' the ozone laver; across the boundary
of polar night, is the primary physical process initiating the jet
stream in the fall, and intensifying it in the winter, The gim-
ultaneonus development of strong baroclinieity and quasi-periocdice
large~amplitude temperature fluctuations is undoubtedly closely
related to the intensifiecation of the jet stream, The hreakdown
of all tiree was observed in both the winters so far studisd and
appeare Lo be & forin of baroeclinie instability, assceiated with
g circulation chanpge to a marked cellular pattern - anticyclonie
in early 1955 and cyclonic irn 1956. The date ecollected to date
are not, bowever, adegunate to present a clear picture of the wind
and teuwpsrature structure abowe the 100 mb level. The 25 mb, or
25 Jan, level is pear the middle of the ozone layer and probably
sbove the median level. It is hers that the primary effects of
differential golar heatinpg shownld be soupght, and correlated with
ozone amounts and vertieal distributions. Studies such as these
will, 1t ie hoped, be possible with the data to be gathered during
the IGY, so that the mechanisme drivingy these high-level circula-
tiong may be elueidated.

It must not pe bhought that we will nepleet studies of
the dynamics and thermodynamize of the lower-level cireulations.
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Here, knowledge of the eircnlstions themselves is relatively
adequate, but thie is not true of the driving forces involved.

Of partiecular importance are studies of the budgets at the earth's
surface of heat, water vupour and momentum. Equally important will
be the assessment of the effects of topography and state of the
ground on yertical fluxes of heat, water substance and momentum.
Canadian studies suech as these will be concentrated nainly on Arctic
regions since the IGY offers a rare opportunity to carry out in-
tensive and expensive programs in logistieally-difficult aress.

It would be folly to try to estimate the long-range resulte
of analyses of Canadian meteorological IGY data. It is our hope,
however, that, when we have unravelled the mysteries of the physical
motivations of the atmosphere's genersl circulation, we will be in =
position to make a [rontal attack on problems of extended-range and
long-range forecasting. We are convinced that suchi ferecasts are of
great potential walue to the nation's sconomy, and we are most anxious
to overcome the scientific and manpower deficiencies which presently
impede progress in this direction.
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