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An Editorial
The auturnn,1963, issue of "Atmosphere" contained
a message frorn the President describing a revival of concern
over the reorganization of the professional meteorological
association in Canada. Quoting

"

Briefly , it is proposed that the name should be changed
to I The Canadian Meteorological Society I and that our Society
should be affiliated with, rather than a Branch of, the Royal
Meteorological Society".
In March,1964, all members of the Canadian Branch
received a tentative proposal for a general framework of reorganization. The Executive asked two things; for a mandate to
proceed with a plan for reorganization, and for replies to a
questionnaire designed to guide the Executive in its thinking.
Many members have answered. By IMay 138
replies had been received . The response to some of the specii"ic
questions asked are given below. The Executive will submit a
proposal to the Annual Meeting on 11 June 1964, and it is hoped
that members will give serious thought to the many problems
which must be faced in connection with a reorganization of our
Society.

************************
Some answers to the questionnaire, received up to 1 May
Are you in favour of a
Canadian meteorological Society?

Yes (114)

No(19 )

Are you presently a member of the
American Meteorological Society?

Yes (55)

No(83)

If a Canadian meteorological society
were constituted with which societies
would you personally associate?

RMS (97)

AMS (100) None(5)

Should the Canadian meteorological
society be a professional or a
learned society?

P '.

L

In favour of a plan for or ganization
of a Canadian meteorological society

Yes (119)
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(48)

(82)

No( 18 )

i Editorial
Dans la revue "Atmosphere", parution d'automne 1963,
I le Pr~sident faisait mentiondu renouveau d'inter~t dans la reorgani: sation de l'association meteorologique professionne11e au Canada.
'11 ecrivait : "En r~sume, il est propose que le nom 'La Soci~te
Canadienne de M~teorologie' devrait \;tre adopte et que notre societe
devrait 'Eltre affiliee
la So'ci~t~ Royale de Meteorologie plutiSt que
d'~tre une section de cette derniere. "

a

En mars 1964, to us les membres de la Section Canadienne
, en guise d'essai, un plan de reorganisation. Le
, conlieil executif demandait deux choses : la permission de poursuivre
le plan de reorganisation et des reponses au questionnaire destine
'i le guider dans l' ~laboration de ce plan.

I recevaient

·

Au ler mai, 138 membres avaient repondu. Quelquesunes des reponses sont prElsentees ci-dessous. Le conseil executif
· soumettra une proposition
la r6"union annue11e, le 11 juin 1964, et
:nous esperons que les membres considereront serieusement les
;probl~mes auxquels nous devons faire face quant
la reorganisation
ide notre societe.
I

a

a

********************
Voici quelques-unes des r.eponses re'(ues jusqu'au ler mai
·

.1

,

Etes-vous en faveur d' une societe
canadienne de meteorologie ?

Qui (114)

Non (19 )

,Etes-vous pre'sentement membre
'de la Societe Ame'ricaine de
Meteorologie ?

Qui (55)

Non (83 )

RMS (97)

AMS (100) Aucune (5)

I

I

'Si une societe canadienne de
meteorologie existait,
que11es
societes vous joindriez-vous ?

a

La Societe Canadienne de M,at~orologie
devrait-e11e ~tre une societe
professionelle ou savante ?
P
Etes-vous en faveur d'un plan de
r~organisation d'une societe
canadienne de m~teorologie ?

(48)

Qui (119)
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S

(82)

Non (18 )

CANADIAN BRANCH
ROYAL METEOROLOGICAL SOCIETY
MINUTES OF THE 23RD ANNUAL BUSINESS MEETING, JUNE 5,1963
As the result of a decision made at the 22nd Annual
Business Meeting and a subsequent ballot on appropriate changes
to By-Law 51, the 23rd Annual Business Meeting of the Branch was
held during the 1963 National Meteorological Congress at Laval
University, Quebec. Following a luncheon at the Grand Boulevard
Restaurant, attended by approximately 80 members and several
guests, the meeting was called ·to order at 1 :45 p. m.
The Pre"ident, Professor B. W. Boville, briefly
addressed the meeting in French during which he welcomed those
present and expres sed appreciation for the arrangements and
courtesy extended by Laval University.
The minutes of the 22nd Annual Business Meeting
held May 14th, 1962,at the Faculty Club, McGill University, were
available to the membership.
It was moved by Mr. J. Tissot
and seconded by Professor W. Hitschfeld that they be adopted as
printed in ATMOSPHERE: carried.
NOTE: Attention is drawn to ATMOSPHERE, Vol. 1, No. 2
pp. 4 -10 in connection with these minutes.
The President reported that all members who had
returned ballots were in favour of the amendment to By-Law 51
which provided greater flexibility in the dates for the Annual
General Meeting.
In submitting the Annual Report of the Executive Committee for 1962-63 , Professor Boville outlined the history of the
B ranch during the past few year s, with partic ular reference to
activitie s of the past year which saw the introduction of the publication ATMOSPHERE, and stated that the future of the organisation appears bright. A motion for adoption of the report was made
by Mr. A. Robert: seconded by Mr. L. W. Hubbert: carried.
Mr. M. Kwizak presented the r~port of the Prize ·
Committee and moved its adoption; seconded by Professor J. S.
Marshall; carried.
Accordingly, Professor .Boville presented
the Pre sident' s Prize to Mr. George Gilbert, and the Prize in
Applied Mei:eorology to Mr. W. L. Gutzman. Mr. K. Hardy, the
recipient of the Canadian Darton Prize, sent his apologies for not
being able to be pre sent.
Mr. H.M. Hutchon presented the Treasurer's Report and
-4-

drew attention to an error in Assets as printed at page 9 of
ATMOSPHERE. The book value of $ 300.00 G. of C. Bonds is
$ 281. 26 vice $ 381. 26, and the total Assets should therefore be
'$ 2,384.36.
After surveying the financial situation of the Branch
and stating that, On the assumption of a continued stable exchange
rate and an unchanged fee structure within the Parent Society,
the current annual fees are considered adequate at this time, Mr.
Hutchon moved the adoption of the report: seconded b y Mr. A.
Robert; Carried.
.,
Mr. Hutchon's motion that the annual fees remain at
$12 . 00 for 1964 was seconded by Mr. J. Tis sot; Carried.
It was moved by Mr. Hutchon that Mr. A. High, who
had been approached in this regard, be appointed Auditor again
for 1963-64 and that a vote of thanks be tendered t.O Mr. High for
his valuable services to the Branch, seconded by Mr J.M. Leaver;
Carried.
Profe ssor R. H. Douglas, Chairman of the Planning
Committee for the NMC, addressed the meeting. He stated that it
was most heartening to have received such a good re.sponse to his
call for papers for presentation at the Congress and to see such an
excellent turnout at the meetings.
In closing he paid tribute to the
member s of his committee, all of whom had worked hard to make
the meetings a success.
Professor K. L. S. Gunn presented the report of the
Nominating Committee. This contained a recommendation that the
Executive for 1964-65 be drawn from the Toronto area, and a
suggestion that the in-corning Executive take early action to appoint
a Nominating Committee for the following year. Included in Professor
Gunn's motion for adoption was the appointment of Professor
R. H. Douglas as Vice-President for Canada.. The motion was
seconded by Mr. M. Kwizak : Carried.
The Executive Committee for 1963-64
President
Vice-President
Treasurer
Corresponding Secretary
Recording Secretary
Vice-President for Canada

Prof. B. W. Boville
Mr. H. H. Hutchon
Mr. D. E. McClellan '
Mr. D.K. Smith
Mr. A. Robert
Prof. R. H. Douglas

Councillors

Mr. R. V. Dexter(Halifax)
Prof. R. W. Longley (Edmonton)
Mr. G. H. Gilbert (Ottawa)
Mr. J. B. Wright (Vancouver)

Chairmen

Montreal Centre
Tbrontd Centre
Winnipeg Centre
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Having been appointed to a second term as President,
Professor Boville addressed the meeting, thanking those members
of the Executive who were retiring and welcoming their replacements.
In the cour se of his remarks he noted the satisfactory development
of the Branch in the past and expressed the hope that something
more concrete could be accomplished in the future in the field of
internal organisation.
.
Mr. A. G. MacVicar noted that a recent issue of the
Bulletin of the AMS made reference to a proposed Canadian
Meteorological Society and a possible affiliation with the AMS. He
enquired if any statement could be made on this item. Professor
Marshall explained that this is still in an exploratory stage, that
its status is rather vague, and that careful consideration would be
given to all aspects before any action is taken . The originators
felt that a contribution would be made to the welfare of Meteorology
on an international basis through the exchange of publications so
that multiple membership in a number of soc"ieties would not be
necessary in order to receive the publications.
It was stated that the meetings of the Royal Society were

to be held at Charlottetown next year and doubt was expressed that
a satisfactory NMC and AIUlual Meeting of the Branch could be held
there due to the distance and travelling costs involved. Profef;sor
Marshall recommended that a National Meeting be held next year
but at a point nearer the "centre of gravity". After discussion, it
was moved by Professor Marshall that the Executive make
arrangements for an NMC next year and that they investigate
carefully whether this should be held at Charlottetown or at some
other location; seconded by Mr. Kwizak: Carried.
On behalf of the Branch, the President thanked all those
who had made the effort to attend the current meetings, expecially
those from distant points. In closing, he made a plea to the
Councillors and Centre Chairmen to write occasionally to members
of the Executive. Their views and suggestion~ are always welcome
and helpful.
'.
The meeting adjourned at 2: 20 p. m.
C. L. Johnstone
Recording Secretary

B. W. B ovUle
President
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ANNUAL REPORT OF THE EXECUTIVE COMMITTEE
FOR 1963-64
Report from the President
With increased support from the Universities, the
Meteorological Branch, and our membership-at-large, Congress
activities reached a \ new high in picturesque Quebec City last June.
"Atmosphere" has survived the first one and a half years of stress
and strain and will continue its growth through active and broader
support from the rest of us.
The executive took another definitive step by formulating and circulating a q.uestionnaire and
ballot on organisation. The answer s should provide the basis
for a comprehensive report with recommendations at the Annual
Meeting in Halifax.
The location of the Executive Committee this year will
move upstream from the Seaway Metropolis to the industrial
"Golden Horseshoe". We welcome this influx of new blood and
new ideas and are confident that new weight will be added to the
National Meteorological Congress, "Atmosphere", and tha.t more
will be heard about reor ganisation.
The Executive Committee
. Meetings were held regularly during the 1963-64 period
to consider the business of the Branch. The quorum at each
meeting again consisted of resident Montreal members.
Members, 1963-64
President
Vice -Pre sident
Treasurer
Recording Secretary
Correspondi.n g Secretary
Vice President for
Canada
Councillors

Chairmen of the Centres

Prof. B. W. Boville
Mr. H. M. Hutchon
Mr. D. E. McClellan
Mr. A. Robert
Mr. D. K. Smith
Prof. R. H. Douglas
Mr. R. V. Dexter (Halifax)
Prof. R. W. Longley(Edmonton)
Mr. G.H. Gilbert (Ottawa)
Mr. J.B. Wright (Vancouv~r)
Prof. W. Hitschfeld (Montreal)
Dr. R. E. Munn (Toronto)
Mr. D . McGea.ry (Winnipeg)

Committee s
Nominating Committee

-7 -

Mr. J.P. Bruce
Dr. D. P. McIntyre

Prize Committee

Dr. J. Clodman
Prof. A. W. Brewer

Planning Committee
National Meteorological
Congress

Mr. H. M. Hutchon
Mr. R. Y. Dexter
Prof. .W.Hitschfeld
Mr. D. E. McClellan

Editorial Committee

Prof. S. Orvig (Editor)
Prof. W. Hitschfeld
Mr. J. L. Galloway
Mr. R. Lee

Membership Statistics
31 Dec 62
Life Fellow
Fellow
Student member

5
358
1

364

31Dec 63
:5
364
1

Changes during 1963
Elected
.Withdrawn
30

24

-370

REPORTS FROM CENTRES
Report of the Montreal Centre
Five meetings were held during 1963. Topics included
"Quantitative Precipitation Forecasting" by Mr. R. Lee, "Micrometeorology without Mathematics" by Dr. H.L. Penman,
"Surface Airflow in the Arctic" by Mr. H.P. Wilson and" The
26-month and similar mysterious Periodicities in Meteorological
Data" by Dr. W. L. Godson. One meeting featured a demonstration of the Bendix G-20 electronic computer in the Central Analysis
Office of the Meteorological Service of Canada. Various phases
of the operational r un were described by staff member s of the
Numerical Weather Prediction unit.
Officers for the year we .r e: Chairman, Prof. W.
Hitschfeld; Secretary, Mr. B. E. O'Reilly; Treasurer · , Mr. P.
K. Carlson; Member, Mr. W. S. Creswick.
Report of the Toronto Centre
Officers from 1 June 1963 were:'· Chairman, Dr. R. E.
Munn; Secretary, Mr. F. B. Muller; Program Secretary, Mr:
T.L. Richards; Treasurer, Mr. G. W. Gee.
Eight meetings were held during the year. Topic s
presented were " The water vapour and ozone of the stratosphere"
by Prof. A. W. Brewer; "Weather radar and Great Lakes Storms"
by Mr. B. J. Wiggin; "Educahon and Science" by Dr. P. D. McTaggart~
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Cowan; "Measurements of the Turbulent Transfer of Water Vapour
near the 4round" by Dr. D. R. Hay; "Meteorology Today in
Relation to Sister Disciplines" by Dr. H. L. Penman; "Canadian
Technical Meteorological Assistance to Nigeria" by Mr. M. K.
Thomas and Mr. B. S. V. Cudbird; and "Recent Developments in
Hail Formation Theory" by Prof. Roland List.
One meeting
was" An Evening at the Institute of Aerophys.ics" with Dr.
G. W. Patter son, Director.
Attendance at the meetings averaged
about 60 with the exc'eption of the meeting on Nigeria which
featured a popular presentation and films and was attended by about
120 persons.
Report of the Winnipeg Centre
'Committee members for 1963 were: Chairman, Mr. D.
McGeary; Vice-Chairman, Mr. F. Sebastian; Secretary-Treasurer,
Mr. W. D. Gilmour; Honorary Chairman, Mr. D. M. Robertson.
Meetings held included a dinner meeting at which
Prof. B. W. Currie spoke on " Spectroscopic Measurement of
Temperature at the Aurora Level". A tour or the rocket assembly
line of Briston Aero Industries was followed by a dinner meeting
at which Mr. W. Isberg spoke on the Black Brant rocket program.
In October Mr. W. Clink spoke on "The propagation of sound and
problems associated with large-scale explosions". The fourth
meeting was the annual business meeting.
PRIZE COMMITTEE
The committe e ,to the best of its knowledge considered
all eligible papers. Special note is made of the following paper
which was ineligible on account of non-membership: Prof. G. T.
C sanady, "T urb ulent Diffusion of Heavy Particles in the Atmosphere"
J. Atmos Sci., 20, No.3, May 1963.
The committe recommends awarding:
The President's Prize

I
I

I
I
I

!I
I

I
I

to 'Dr. R. E. Munn in reference
to the paper
. "A Reappraisal of Sutton's Parameter, n." J.Appl. Met. 2,No.4
August 1963.

The Prize in Applied Meteorology to Mr. W. T.R. Allen
in reference to the paper
"Precipitation measurements at
Ocean Weather Station "P" . '
Meteor , Br., Tec, Cir, 476, Aug. 63
The (Canadian)Darton Prize to Miss C. Wilson.
The Executive made the recommendation to the Royal
Meteorological Society that this prize be awarded to Miss Wilson
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,

,

"

II!

I:
I: .

"

"

,'

in reference to her joint paper with Dr. W. L. Godson,
"The Structure of the Arctic Winter Stratosphere over a
10-year period" Q.J.R.M.S. , 89, April 1963.
~REASURER'S

REPORT FOR YEAR ENDING
31 DECEMBER 1963

During 1963, thirty new members were added to the
list.
CouJ;>led with the fee increase effective in 1963, revenues
increased by nearly one-third. Expenses were also higher resulting fr om the increase in member ship and the inauguration of
"Atmosphere".'
Our major expenses appear stable for 1964 with no
change indicated in the fee str uctur e of the parent Society or in
exchange rates.
The national trend towards rising prices is
reflected in increasing printing costs of "Atmosphere". The outlook is for a slightly reduced surplus in 1964; no change in fees is
recornmended at this time.

\
~:

CASH ACCOUNT

..
'

",

Fees: Initiation
1962 Fellows
1963 Fellows
1964 Fellows

75.00
202.00
4212.00
108.00

Interest, Discount and
exchange on cheques
Sale of publications
Bank and Bond
Intere st
Receipt from National
Meteorological
Congress

,'

I

Receipts

.1

,'

I,

I'

I:

.53
10.60
99.70
40.50

II'

" ,

I:,

,

,

,.

TOTAL RECEIPTS

4748.33

Bank Balance Dec. 31,1962

1228.24
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5976.57

Expenditures
Bank charges
3.56
Postage
46.76
Payment to Centres:
·Toronto
49.75
Winnipeg
8.05
Stationery
25.00
Printing Costs
Atmosphere
508.00
Remission of fees
to RMS. Lond.o n
2693.01
National Meteorological Congress
(Expenses and prizes)
60. 13
Miscellaneous
8.95
TOTAL EXPENDITURES
Bank Balance, Dec.
31st,1963
Less outstanding
cheque

3403.21

2576.01
2.65

Cash Balance
Dec. 31,1963

2573.36

5976.57

BALANCE SHEET AS OF 31.DECEMBER,1963
Assets
Bank balance as at
Dec. 31,1963
Royal Bank(Montreal
Airport)
Bank of Montreal
Toronto
Bonds-(market value
+accrued interest
to Dec. 31,1963)
$ 1000 G. of C-3.3/40/0
1978
$ 300 G. of C-4-1/20/0
1983

2143.53
429.83

·2573.36
•

874.86
279.76

Inventor ie s

1154.62

nil

TOTAL ASSETS

3727.98
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Liabilities:
1961 fees pd in advance
1962 and 63 fees payable to RMS London
Surp1us- Dec. 31,1962
-for year 1963

108.00
984.90

1092.90

2384.36
250.72

2635.08

TOTAL LIABILITIES AND SURPLUS

3727.98

AUDITOR'S REPOR T
I have studied the accounts of the Canadian Branch
of the Royal Meteorological Society, and am satisfied that the
'Treasurer's Report presents a proper statement of the Branch's
financial status as of 31 December,1963.
A. High
Auditor
EDITORIAL COMMITTEE
Three issues were published in 1963, the first year.
No.1 contained sixteen pages, No.2 (the Congress issue) contained
thirty-eight pages and No.3, fifteen pages.
The only cost of producing "Atmosphere" is in connection
with the actual printing. The three issues cost $ 125, $ 248 and
$ 135. Four hundred copies were printed of Nos. 1 and 3, the
Congress issue was printed in four hundred and fifty copies.
As the membership increases,- it will be necessary to
print more copies, and the Editorial Committee would also like to
include more illustrations in the publication.
The assistance of Canadian meteorologists is needed to
make "Atmosphere" a success. The Editorial Committee is aware
of the need for a period of solitary effort before the members
generany get used to the publication. It is hoped ,that both the
contents of a research and operational nature and-'the news items
will incr ease as time goe s on.
All member s ar e ur ged to
contribute.

-12-

NOMINATIONS

"

The following slate is presented for the 1964-65 Executive
Committee:
President
- Dr. R, E, Munn
Vice-President
- Prof. A, W, Brewer
Treasurer
Mr. F, D, Thompson
Corresponding Secretary - Mr. M, K. Thomas
Recording Secretary
-Mr. E. J. Axton
Councillors
-Mr. W, E , Markham (Halifax)
- Mr. L. B. MacHattie (Ottawa)
, - Prof. R. W, Longley (Edmonton)
- Mr. S Niklava (Vancouver)

Vice-President for Canada
(N ominated by the Exe c utive
Committee to the Council
of the Society)
- B. W. B oville

NOTICE
The 24th Annual Business Meeting will be held
immediately after the luncheon at the Lord Nelson Hotel in
Halifax on Thursday June 11th, 1964. All members are invited
to attend this meeting,
A report on organisation will be considered, ln
addition to the regular business of the Branch.
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NA TIONAL METEOROLOGICAL CONGRESS
Dalhousie University
Halifax, N. S.
June 11-12,1964
As previously announced in "Atmosphere", our annual
Congress will be held this year in Halifax.
At the same time,
the Canadian Association of Physicists will be meeting at Dalhousie .
_
.
Single room accommodat ion will be available at the
University for $ 6.00 per day, including breakfast. The road
distance from Montreal is 830 miles travelling via Bangor, Maine.
The meeting dates being Thursday and Friday permit rail travel
with "bargain" fares which are, from Montreal, $ 28 . 00 one
way including meals and lower berth . The time is about 22 hour s.
T. C. A. operate some 8 flights per day and the one way fare,
economy, is $ 48.00 from Toronto. The flying time is 3-5 hours
depending upon the particular flight.
A map of Dalhousie University will be found on the
last page of this issue.
PROGRAMME
WEDNESDAY, JUNE 10
5.30 - 6.30 p.m.
THURSDAY, June 11
9.00 -11.45 a . m.

Reception by Dalhousie University

Joint Session with the Canadian Association
of Physicists.
Chairman: B. W. Boville

75*

B. W . BOVILLE, A. ROBERT, B. E O'REILLY, P. MERILEES
AND R. BYRON-SCOTT: The General Circulation.
RECESS
QUON:

Wave Forecasting, Problems and Techniques.

30

C.

30

A . W. BREWER AND A. W. WILSON: Measurement of Ozone
Production by Solar Ultraviolet Radiation
in the Stratosphere.

* Time,

including discussion.
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Noon-2.45 p . m .

Lord Nelson Hotel

Luncheon + and Annual Meeting of the Canadian Branch.
Royal Meteorological Society. and Presentation of prizes.
3.00 - 5.00 p . m.
PHYSICAL AND DYNAMIC METEOROLOGY

."

Chairman: D. P. Mclntyre

25

E. VOWINCKEL and B . TAYLOR: Evaporation and Sensible
Heat Flux over the Arctic Ocean .

25

E. VOWINCKEL and S. ORVIG: The Heat Budget over the
Arctic Ocean.
RECESS

30

J. MA YBANK and M. QURESHI: Alternative Explanations
for Precipitation Anomalies.

20

J. DEROME:

6 . 30 -8 . 30

Large -scale Vertical Motion and the
Occurrence of Severe Storms .
Tour of the Bedford Institute of
Oceanography.

FRIDAY. June 12
9 . 00 - Noon
ANAL YSIS AND PREDICTION
Chairman: J . M. Leaver
25

R. A. HORNSTEIN: Synoptic Problems of Eastern North
America.

25

D. E. McCLELLAN and D . E . PAGE : Vertical Motio'l
Computations.

25

E. C. JARVIS :

The Application of a Prediction Technique
to East Coast Cyclogehesis .
RECESS
The Problem of Short Wave Resolution in
Numerical Forecasts.

25

D. DAVIES:

25

J . . SIMLA and R . ASSELIN : Effect of Different Wind Approximations on Barotropic Forecasts .

25

W.S. CRESWICK and H . B . KRUGER : The Operational Use of
Bogus Data in Objective Analysis.

+

Registration and Lunchl'lon tickets ($ 3 . 45) at R. M. S . Table
in the Hall .
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2.00 - 4.30 p. m.
THE TROPOSPHERE
Chairman: R. E. Munn
20

R. C. SRIVASTAVA: A Model of Convection (with
Entrainment .and Precipitation ).

20

J. P. B.RUCE and U. SPORNS : Area Rainfall Frequencies
for Nova Scotia.

20

R. E. MUNN and E. J. TRUHLAR: Average Vertical Profiles
of Temperature and Mixing Ratio at
Suffield.
RECESS

25

H.J. WILSON

Atmospheric Pollution at Saint John, N. B.

20

H. F. CORK:

Low Level Inversions Near Lake Erie.

20

O. JOHNSON:

Medium Range Travel and Diffusion of
Aerosol Clouds.
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THE GENERAL CIRCULATION
B. W.Boville, A

Robert, B. O'Reilly

P. Merilees and R. Byron-Scott
McGill Univer sity, Montreal

How do the large scale dynamical (motion) systems
operate to maintain the observed long term thermal state of the
atmosphere ?
Theory suggests that in a statically stable, rotating
fluid with small vertlcal extent, quasi-horizontal eddies are
favoured over vertical overturnings and ob se.rvations confirm that
such eddies do most of the work in the atmosphere. This conclusion comes as no surprise to the synoptic meteorologist who sees
several such storms on his weather chart every day. These
storms are required to playa highly selective role, they must
convert potential ener gy into klnetic ener gy and they must feed this
kinetic energy up the spectrum into the planetary waves and the
zonal flow and down the spectrum in the usual turbulence cascade
to overcome frictional dissipation.
General circulatlOn studies concentrate mainly on
energy in its various forms, and the corresponding conversions
on a global scale.. The present survey shall attempt to lllustrate
three ' aspects of the general circulation problem. The distribution
of temperature, winds and other directly observable variables,
forms the first part. An analysis of the variability of these parameters is presented along with comparisons between winter and
summer in both hemisphere:s.
Features of the atmosphere such as vertical motion,
mean meridional circulations and the flow of heat from the equator
to the poles, remain highly speculative because they cannot be
measured directly.
The second aspect deals with the evaluation
of these and other similar quantities and uses them to prepare
detailed energy budgets of the atmosphere. At this stage, the role
played' by the various types of eddles becomes evident and discussions about the mechanism involved become possible.
Finally, the construction of analogues provides the meteorologist with a powerful means of testing proposed theories and
of assessing the efficiency of the conversion mechanisms. Recent
investigations of the deficiencie s of atmospheric models indicate
that the importance of non-linear interactions has been seriously
underestimated. The problem of non-linear wave growth must be
considered carefully in order to achieve a true understanding ot the
general circulation problem.

-17 -

WAVE FORECASTING:
PROBLEMS AND TECHNIQUES
C. Quon
Bedford Institute of Oceanography
Dartmouth, N. S.

The problems in wave forecasting arise from the extreme difficulty in obtaining accurate wind velocity profiles over
water surfaces, in the determination of a unified .e xpression for
energy spectra of ocean waves, and in the deduction of wave length
and other parameters from such spectra. One also encounters
such problems as energy dissipation due to interactions between
cross seas, and between a cross wind and an existing sea. Because
most seas are partially composed of swells which sometimes have
propagated across half an ocean, a wave forecaster is also faced ~
with the problem of wave decay in a dispersive medium.
Wave
refraction is of particular importance in coastal water s because
of the rapid change in water depth. Acc urate prediction of the
concentration or dispersion of wave energy due to refraction c;alls
for car eful computations.
Modern techniques by use of computers to solve some
of these problems will be discussed.
Some results obtained for
the Gulf of St. Lawrence and Lake Superior by using these techniques will be shown.

MEASUREMENT OF OZONE PRODUCTION
BY SOLAR ULTRAVIOLET RADIATION
IN THE STRATOSPHERE
A. W. Brewer and A. W. Wilson
University of Toronto

A balloon-borne radiometer has been used to detect
solar ultraviolet radiation in the stratosphere in the 2100 A window
between the Schumann absorption region of oxyg~n and the Hartley
absorption region of ozohe. Improved instruments, calibrated to
give an absolute measurement of the intensity of radiation in this
window at heights of 15 to 30 km , will be flown from Trinidad in
April 1964. Since absorption of this radiation by oxygen is responsible for the production of ozone, the results should give a value for
the ozone production rate in the equatorial stratosphere, and
provide a useful check on the photochemical theory.
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EVAPORATION AND SENSIBLE HEAT
FLUX OVER THE ARCTIC OCEAN
E. Vowinckel and Bea Taylor
McGill University, Montreal
.\

Apart from long wave radiation, evaporation and sensible
heat flux are the only means of transporting ener gy from the surface
into the atmosphere . They are therefore vital components in all
ener gy budget considerations. However, they are also the most
elusive elements in the energy budget. While radiation calculations
can be compared to actual observations, no method exists of measuring and observing evaporation and sensible heat flux directly.
These fluxes have been calculated for each month over the Polar
Ocean and the Norwegian-Barents Sea.
Sverdrup's evaporation formula was used, and it was
fir st examined how the K-coefficient in that formula depends on the
wind speed frequency distribution. Thus the effect of the Arctic
wind conditions could be taken into account. Seasonal maps were
constructed of mean wind speed. Previously obtained surface
temperatures were used, but some additional examinations were
carried out, 'using various assumptions for extreme surface temperatures in summer and winter.
Evaporation and sensible heat flux were calculated separately for the following areas I Central Polar Ocean, Kara-Laptev
Sea, East Siberian Sea, Beaufort Sea, and belts of 5 0 1atitude of the
Norwegian -Barents Sea.
The values for the different areas are presented in
tables and figures. Evaporation over ice surfaces has a double
maximum - in spring and fall - and a main minimum in winter.
Over open water surfaces the evaporation shows a summer minimum and a broad maximum in winter. If small parts of the ocean
were to remain open longer in fall, or during the whole winter, the •
heat loss would increase very rapidly.
Sensible heat flux is often calculated from evaporation
by the Bowen ratio. The small evaporation values over the Polar
Ocean give unreliable values for sensible heat flux, and instead
the formula by Shuleikin was used
This permits the determination of sensible heat flux independent of evaporation. The characteristic sensible heat flux curves are quite similar to the evaporation curves.
The open water areas in the Polar Ocean show
very high values for sensible heat flux. One percent open water,
from October to May, would increase the heat flux from the
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Central Polar Ocean from 3.7 to 5.2 K cal cm -2 ,year -1
Open
areas must remain small as there is not sufficient energy available
to maintain such fluxes.
Finally, a table gives the monthly values of the total
heat loss for the various areas, by evaporation and sensible heat
flux.

THE HEAT BUDGET OVER
THE ARC TIC OCEAN
E. Vowinckel and S. Orvig
McGill University, Montreal

The ener gy budget of a climatic region is of prime
importance for the understanding of its climatology and weather
developments . Determinations of the ener gy budget have generally
been restricted to particular locations. The Russian investigations
(Budyko et all have produced world-wide estimates of the various
energy budget terms at the surface.
Other authors have evaluated
individual components of the energy budget but,apart from the
Caribbean, it is difficult to find an area for which all terms have
been 'e valuated and combined.
The present investigation attempts to do this for the
Polar Ocean . The energy budget is discussed for the surface,
the troposphere, and for the earth-atmosphere as a whole.
The energy fluxes for the surface and 300 mb were
considered, and results were drawn from the evaluation of individual
terms carried out previously in our study of the Arctic heat
balance.
The annual energy budget at the surface is first discussed.
An adjustment in the calculated annual ocean transport is necessary
in order to obtain balance, but this error is quite insignificant on
a monthly basis.
The monthly surface budget is discussed next. The
radiative terms are far greater than all other s, in all areas and
months. The long wave components are the greatest. The predo';;
minance of long wave radiation towards the surface fs far more
significant in the Arctic than in other latitudes. A substantial
portion of the incoming radiative ener gy in summer is put into
storage. by absorption in the water and by warming and melting
of ice. Such storage supplies from one half (Norwegian-Barents
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Sea) to over ninety percent (East Siberian and Beaufort Seas) of
the total energy expenditure from the ocean
Next, the tropospheric budget is disw ssed
Here the
importance of the non-radiative terms increases for the incoming
side of the budget, and decreases on the expenditure side, where
radiation becomes practically the only term.
Finally\ the energy budget for the earth-atmosphere
system is discussed. The energy streams at all levels are shown
for the extreme areas. The.general appearance of such figures
is rather similar to global ayerages given by other authors, but
certain peculiarities stand out. The absorbed solar radiation is
proportionally smaller in the north,and the contribution of evaporation to the energy turn-over is also less than the globai average.

ALTERNA TlVE EXPLANA TIONS
FOR PRECIPITATION ANOMALIES

J. Maybank
Saskatchewan Research Council
and
M. Qureshi
Univer sity of Saskatchewan, Saskatoon

Since the publication by Bowen in Australia of data
purporting to show a correlation between showers of meteoritic
material and the occurrence, 30 days later, of an increase in daily
precipitation at widely scattered observation points, numerous
papers have appear ed both in support of and in opposition to this
hypothesis.
While certain of Bowen's peaks have been found to be
statistically significant with good correspondence between different
geographical regions, the delay time between the meteor shower
dates and the precipitation peaks has not been fully established and
is open to serious objections on physical grounds.
A program has been carried out to investigate this
problem along the following lines:
(a)
Intercomparison of daily precipitation totals for 11
stations on the Canadian prairies between two twenty-year periods
in order to determine if there are in fact any persistent anon"lalies.
(b)
Comparison of the precipitation totals from forty years'
records at the eleven stations with the median dates of known meteor
showers.
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(c)
Five day precipitation forecasts have been obtained
from three meteorological forecasters. These we,re based on longterm average pressure and pressure tendency maps compiled by
the U. S. Weather Office,' and after suitable numerical weighting
were combined and plotted for comparison with the actual precipitation data.
The results may be summarised briefly as follows:
(a)
Precipitation anomalies have been observed, some of
which are statistically significant and persistent, as shown by
their presence in the data of both record periods.
(b)
Those peaks observed in January and February correspond fairly well with ones observed by Bowen for this period. The
fact that they occur during the northern winter for a continental type climate would rule out the suggestion that the meteoritic
material, if responsible, act!! by enhancing droplet coalescence
within clouds rather than as freezing nuclei.
(c)
The winter peaks and some of the summer ones correspond - with a 30 day delay time - to the mean dates of meteor
showers. However, most of the summer meteor occurrences have
lifetimes ranging from several days to two weeks so this correlation is not very surprising. More important, rainfall anomalies
are present in April and early May, a period preceded by complete
absence of meteor shower activity.
(d)
Precipitation probability, based on forecasting from
the long term pressure maps gives rise to peaks which correlate
fairly well - but not, perhaps, as well as the meteor data - with
the observed precipitation anomalies.
.
Despite this somewhat lower level of correlation, it is
concluded that a more satisfactory explanation - from the physical
standpoint at least - of precipitation anomalies may be found from
these composite pressure patterns. These would presumably
originate in world-wide radiation-temperature imbalances in the
atmOSphere, initiated during or following the sols·tices, and giving
rise to periodic pressure fluctuations. From data on pressure,
temperature and precipitation patterns it would seem that a frequency
of around 18/year would be reasonable for these pressure cycles.
The fact that there are approximately the same number of fairly
reliable meteor showers in a year could easily result in the
presence of a coincidental temporal relationship.
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LARGE-SCALE VER TICAL MOTION
AND THE OCCURRENCE OF SEVERE STORMS
\

J. Derome

McGill Univer sity, Montreal

The three -dimensional patterns of the large-scale
diver gence of the wind and. of vertical motion are derived over
North America for a one-week period beginning May 22, 1962, at
twelve-hour intervals.
The distribution of severe storms in
central and eastern United State s during that period is examined
and related to the patterns of vertical motion.
The mean profile of large-scale vertical motion near
early-morning storms is compared with that near late-afternoon
storms; the two profiles are found to be quite different.
The
morning storms correlate highly with the dynamic patterns of
upward motion; the afternoon storms do not, presumably because
other factors such as local heating are of comparable importance.

SYNOPTIC PROBLEMS OF
EASTERN NORTH AMERICA
R. A. Hornstein
Meteorological Service of Canada, Halifax

Weather prediction is notoriously difficult in the
Canadian Atlantic Provinces, especially during the winter half of
the year. The major factor responsible for the difficultie s is the
frequency of development of East Coast cyclones
It is necessary
to forecast the exact location of cyclogenesis, the subsequent speed
and direction of motion and the degree of intensification of the new
cyclone, the ' size and shape of the precipitation shield and the
temperature pattern that controls the state of the precipitation. In
this paper a review of the 1963-64 winter season will illustrate
the magnitude of the forecasting problem.
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VERTICAL MOTION COMPUTATIONS
D. E

McClellan and

n

E. Page

Meteorological Service of Canada, Montreal

The prediction of precipitation two days in advance
is"attempted by methods based on Sutcliffe's development theory.
Prognostic thickness patterns for the layer 1000-700 mb are
routinely prepared in 24-hour time steps at the Extended Forecast
Unit as an aid in temperature prediction.
These patterns are
superimposed on the Numerical Prediction Unit 500 mb vorticity
patterns.
From each overlay, in less than a quarter of an hour,
a diagnosis can be made of the amount of development and vertical
motion.
This knowledge permits an evaluation of precipitation
rates.
Limitations lie in the use of a model with a fixed level of
non-divergence and in the lack of precision in the forecast patterns
of thickness and vorticity. The vertical motion patterns obtained
are compared with those deduced from observed precipitation
rates and with those obtained from the Cressman three-level model.

THE APPLICATION OF A PREDICTION TECHNIQUE
TO EAST COAST CYCLOGENESIS
E. C. Jarvis
Meteorological Service

of Canada, Toronto

A simplified numerical prediction equation is adapted to
the Wilson grid for forecasting the location and central pressure
of east coast cyclones. Secondary displacements resulting from
sensible heat exchange at the sea-air interface, ter'rain induced
vertical velocity, and the variation of coriolis fo\:ce with latitude,
are accounted for by an adjustment of the initial 500-mb height
field. Initial and forecast 500 -mb height fields are used to obtain
estimates of central pressure. An example of a 24-hour forecast
of east coast cyclogenesis is presented.
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THE PROBLEM OF SHORT-WAVE RESOLUTION
IN NUMERICAL FORECASTS
D . Davies
Meteorological Service of Canada, Montreal

A subjective assessment of predicted charts from an
experimental four-level model at the Central Analysis Office, over
a 342 -point grid, suggests that a major weakness is the inability
to handle developments smaller than about eight grid-lengths in
dimensions.
Superficially, this is not unexpected in view of the
many simplifications incorporated into the basic meteorological
equations.
Attempts are being made to improve the quality of the
predicted charts by making secondary passes at each time-step,
in which 'values in the neighbourhood of such developments are
adjusted or "patched".
This is essentially being done by performing
short-wave biased integrations in the secondary pass, ~sing the
primary pass to provide boundary conditions.
On the initial chart
suitable objective criteria for locating the centre of the area to be
patched, with 37 -point octagonal patches, are:
a)
A maximum 700 mb vertical ascending motion (or
possibly some .feature of the vorticity advection fields);
b)

A 500 mb mean flow from the south-west quadrant;

c)"
A nearby significant front, i. e. a nearby region of
intense 1000-500 mb thickness gradient.
Unfortunately, these criteri'1- do not seem to be applicable to
time-steps subsequent to the first few.
The reasons for this
difficulty are being investigated.
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EFFECT OF DIFFERENT WIND APPROXIMA'II ONS
ON BAROTROPIC FORECASTS
J. Simla and R. As selin
Meteorological Service Of Canada., Montreal

Operational forecasts using a linearized balance
stream function in the barotropic model at the Central Analysis
Office revealed a tendency for excessive anticyclogenesis. Corrective action in the form of improved objective analysis and elimination of negative absolute vorticity wa.s only partially successful.
It was found that spurious anticyc10genesis was alleviated by the
use of a stream field obtained from the solution of the complete
balance equation.
Results from ,a series ,o f forecasts are
presented and a typical case illustrates the behaviour of forecasts
when a linearized stream function (with and without the application
of the ellipticity criterion) is used and when the balance stream
function is used.
It is suggested that the reason for anticyc1ogenesis in geostrophic wind approximations is du,e ,to the characteristic overestimate of the winds in troughs.

THE OPERATIONAL USE OF BOGUS DATA
IN OBJECTIVE ANALYSIS
W. S. Creswick and H. B. Kruger
Meteorological Service of Canada, Montreal
Bogus data are counterfeit or synthetic observations
provided to an objective .analysis routine to compensate for deficiencies in actual observations.
The machine analysis program in u.se .
at the CAO permits bogus data either to modify the trial field prior
to the commencemeht . of objective analysis (repair bogus) or to be
treated simultaneously with real data and subject to the same rejection
criteria (analysis bogus data).
While the primary purpose of bogus
data is to fill gaps in the observational network it is also useful in
eliminating peculiarities which might otherwise be introduced into
the analysis by isolated observations or by strong. winds at the edge
of th.e data area. Irregularities which tend to dev:e lop near the borders
of the grid can be removed throl:lgh the use of bogus data. Operationally ,a major problem is that the monitoring analyst does not
know precisely what real ob 8~rvations will be available and may
accidentally introduce spurious vorticity centres through incompatible bogus values. Examples of the use of bogus data and some
common errors ilre shown.
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A MODEL OF CONVECTION
( WITH ENTRAINMENT AND PRECIPITATION )
R. C.

Srivastava

McGill University, Montreal

A numerical model of cunlulus convection has been
formulated, on the as s umption of steady-state conditions and a
horizontally uniform cross-section of updraft. Entrainrnent of
environmental air is considered to follow Morton, Taylor and
Turner's hypothesis, namely, that the fractional increase in the
mass flux over unit depth is inversely proportional to the jet radius,
the constant of proportionality being O. 2
The entrainment hypothe sis together with the conditions
of conservati'On of water substance, energy and vertical monlentum
are used to calculate the cloud properties for a variety of initial
and environmental conditions.
The initial rad,ius of the jet. is
found to be an important parameter determining the behaviour of
the cloud. After slight initialcontractl6n, the jet spreads ra.pidly
near the top; thus an updraft column of 1 km in radius at base,
might' typically contract by 30% at first, but reach 1. 4 kID radius
at a height about 5 km apfve base where the cloud liquid water
cOntent is about 2.2 g m
. (Without entrainment, a similar cloud
would contract by 60% , and reach 1 km radius only 9.5 km above
base, with a liquid water content of about 4g m- 3 .)
Important changes occur when coalescence among cloud
droplets takes place : concentrations of rain as high as 109 m -3
•
can develop in the middle and upper levels of the cloud while the
-3
concentration of cloud water is reduced to a small fraction of 19 m
The great weight of this rain concentration reduces the updraft
speed and height of cloud top, but only by relatively small amounts.
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AREA RAINFALL FREQUENCIES
FOR NOVA SCOTIA

J. P. Bruce and U. Sporns
Meteorological Service of Canada, Toronto

A major co-operative study of flood flows of Nova
Scotia rivers is being conducted by the federal Water Resources
Branch, the Meteorological Branch and the Nova Scotia Power
Comnlission.
As a first part of the study, depth-area duration
anal yse s have been undertaken of the rainfall of more than 60
severe storms which occurred over Nova Scotia in the period
1921-63.
Using these analyzed data, frequency analyses have
been completed of heavy rainfalls over Nova Scotia, averaged over
areas ranging from 500 to 5,000 sq. mi.
The question of the
probability of a severe Nova Scotia ·storm occurring over a specific drainage basin within the region is also discussed.

AVERAGE VERTICAL PROFILES OF
TEMPERATURE AND MIXING RATIO
AT SUFFIELD, ALBERTA IN MARCH, 1946
R. E. Munn and E. J.

Truhlar

Meteorological Service of Canada, Toronto

As part of a radio-wave propagation study at Suffield,
Alberta in March, 1946, hourly vertical profiles of temperature and
mixing ratio were obtained at 10-feet intervals from a 100-feet
tower. Vertical profiles of humidity are relatively rare in the
lowest 100 feet of the atmosphere; the Suffield data are therefore
of some interest.
c

Mean hourly temperatures and mixing ratios have been
computed to show the diurnal trends. The nlean values have then
been used to calculate the vertical flux divergences of sensible and
latent heat. Finally, an estimate of radiative flux divergence has
been made from which it has been possible to infer the relative
contributions of radiative and turbulent flux divergences in determining the diurnal tenlperature cycle.
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ATMOSPHERIC POLLUTION AT
SAINT JOHN, N. B.
H. J. Wilson
Meteorol,?gital Service of Canada, Toronto

The data from two smoke sampling stations at Saint
John, N. B. for the period July 1961 - February 1963 are analysed.
The dependence of air quality on wind speed, wind direction and
time-of-day is shown. ' A case study of the largest smoke values
for the period of record demonstrates the meteorological parameters contributing to poor air quality.

LOW LEVEL INVERSIONS NEAR LAKE ERIE
H. F. Cork
Meteorological Service of Canada, Toronto

' Temperatures at 100 feet and 20 feet and wind at 100 feet
for summer nights near the north shore of Lake Erie are examined
to explore some relationships between wind and night-time inver sions.
It is shown that if the dividing line between "inver sian" and "noninver sion" is chosen to be the isotherrnal condition, that ther e was
little relationship between wind strength and time of inver sion
formation; however, strong winds delayed or prevented forrnation
of strong inversions. Median inversion intensities varied little for
the nine hours between 2000 and 0500 EST, although they fluctuated
widely on individual nights.
Wind speed greatly affected the range
of inversion intensity, and it is found that the run of the wind for the
night time hour's was ,related to an upper limit for a mean inversion
intensity. Winds from the lake are shown to have affected inversion
intensity in a somewhat different manner than winds from the land, ",
but differences in wind direction affected inver sion intensity les s
than differences in wind speed.
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MEDIUM RANGE TRAVEL
AND DIFFUSION OF AEROSOL CLOUDS
O. Johnson
Meteorological Service of Canada '
and
Defence Research Board
Suffield Experimental Station
Ralston, Alta.

While there are considerable data on the travel and
diffusion of gases or aerosols from g~ound level sources to
distances of several hundred metres, relatively little experimental work has been done on travel over longer distances . Results
of an analysis of sampling data to distances of five to ten miles
from instantaneous ground level aerosol sources will be presented.
The ground level concentration as a function of distance down wind
has been determined and conlpared with values computed from
diffusion theory. Data ort the width and length of the cloud have
al so been obtained.
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