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PROGRAM 

FIFTH ANNUAL CONGRESS 
Second Canadia.n Conference on Micrometeorology 

The Fifth Annual Congress and Annual Meeting of the Canadian Mete­
oroLogical Society will be held at Macdonald College, P.Q .• May lZ-14, 
1971 . On May 12, the Congress will hold joint sessions with the Second 
Canadian Conference on Micrometeorology which is to be held at the same 
location, May 10-12, 1971. The theme of the Congress is "Meteorology 
and the City" and the joint sessions on May 12 will be de voted to invited 
and contributed papers on thi s topic. On subsequent days, contributed 
scientific papers on other aspects of meteorological research will be 
presented. Program Cha i rman for the Congress is Dr. C. L. Mateer. 

Co-sponsors of the Second Canadian Conference on Micrometeorology 
are the Canadian Meteorological Society and the National Research Council, 
through its Associate Committee on Geodesy and Geophysics. Sub-committe' 
on Meteorology and Atmospheric Sciences. Chairman of the Conference 
Planning Committee is Dr. R.E, Munn. 

The Montrea l Centre of the eMS is host for both meetings . ChairmaJ: 
of tbe Physical Arrangements Committee is Professor R.H. Douglas, 
Macdona Id College. 

SUMMARY OF SESSIONS 

Second Canadian Confe renee on Micrometeorology (SCeM) 

Mon. 9:00 a.m. 
9: 10a.m. 
1: ) 0 p.m. 
3: 00 p . m. 
3:00 p.m. 

Tues. 8:30 a,m, 
8:30a.m. 
1:30 p . m. 
3:00p.m. 
3:00 p.m. 

Wed . 
9:00a.m. 
9:05 a.m. 
1:30 p.m. 
3:30 p . m. 
8:00 p.m. 

'thur. 8 : 30 a,m. 
1: 30 p. m. 
1: 30 p. m. 
TBA p.m. 

Frio 8:30a.m. 
1:30 p.m. 
1:30p.m. 

Opening Remarks and Welcome 
M 1: Agriculture and Forestry 
M2: Climatonomy 
M3: Air Pollution 
M4: Heat and Water Budgets of Small Lakes 

TUI: 
TUZ: 
TU3: 
TU4: 
TU5: 

Instruments - 1 
The Ekman Layer 
GARP and SmaU-Scale Meteorology 
Turbulence and Fluxes 
Instruments - Z 

FIFTH ANNUAL CONGRESS 

Joint Sessions with SCeM (May 12) 
Opening Welcome, eMS President 
WI: Urban Meteorology 
W'l.: Human Responses 
W3: Urban Air Pollution 

THI : 
THZ: 
TH3: 

FI: 
FZ: 
F3: 

Annual General Me·eting of the CMS 

Numerical Weather Prediction I 
Numerical Weather Prediction II 
Radiation 
Banquet and Award of Patterson Medal 

Hail and Fog 
Hail and Cloud Physics 
Gene ral Meteorology 

Program I 1 



SECOND CANADIAN CONFERENCE ON MICROMETEOROLOGY 

MONDAY MORNING MAY 10, 1971 9:00 a.. m. - noon 

OPENING: Pro!. A. Brewer, on behalf of the 
National Research Council 
Dr. R.E. Munn, on behalf of the 
Planning Committee 

Session Ml: Agriculture and Forestry 

Chairman: Prof. R.H. Douglas 

Invited Discussant: Prof. C. Tanner, University oC Wisconsin 

CONVECTIVE HEAT TRANSFER MEASUREMENTS OF 
PLANTS IN A WIND TUNNEL 

A. Kumar and N. Barthakur. Macdonald College 

MODEL EXPERIMENTS ON FORCED CONVECTION, HEAT 
AND MASS TRANSFER OF LEAVES; THE EFFECT OF 
FLUTTER AND LEAF SHAPE 

P. Schuepp, Macdonald College 

HORIZONTAL FLUX DIVERGENCE OF HEAT, WATER 
VAPOUR AND COZ IN A CORN FIELD; CASE STUDIES 

L. H. Allen, Jr. U.S. Department of Agriculture. 
Ithaca, New York 

Coffee (10:15 - 10:45) 

5 min. 

5 min. 

15 min. 

15 min. 

15 min. 

AVERAGE BOWEN-RATIO METHODS OF CALCULATING 
EVAPOTRANSPIRATION APPLIED TO A DOUGLAS FiR FOREST15 min. 

T.A . Black,and K.G . McNaughton, 
University of British Columbia 

COMPARISON OF PINE FOREST EVAPOTRANSPIRATION 
ESTIMATED BY ENERGY BUDGET,AERODYNAMIC AND 
PRIESTLEY METHODS 15 min. 

E. I. Mukammal, Canadian Meteorological Service. Toronto 

AN EXTENDED BOWEN-RATIO PROFILE METHOD FOR 
THE CALCULATION OF ENERGY FLUX DENSITIES 
ABOVE VEGETATION 

T.R. Sinclair, L.H. Allen. Jr. and E.R. Lemon. 
Cornell University 

15 min. 

MONDAY AFTERNOON MAY 10, 1971 1:30 - 5:00 p.m, 

Session M2: Invited Lecture 

Chairman: Prof. A. Brewer 

CLIMA TONOMY 45 min. 
H.H. Lettau. University of Wisconsin 

Coffee (Z:30 • 3:00) 

Program I Z 



Session M3: Air Pollution 3:00 - 5:00 p.m. 

Chairman: Prof. A. Brewer 

ANALYSIS OF DOWNWIND DEPOSITION OF DRIFTING 
SPRAY-CLOUD BY NEUTRON ACTIVATION AND GAMMA 
RAY SPECTROMETRY 

K. Yoshida. J. Maybank. H. Mizuma and S . Iwamoto, 
Saskatchewan Research Council, Saskatoon 

CROSS-WIND SHEAR EFFECTS ON ATMOSPHERIC 
DIFFUSION 

G. T. Csanady. University of Waterloo 

A TURBULENT DISPERSION COMPUTATION 
G.B. Frame and R.D. Rowe, University of Calgary 

BUOYANT MOIST BENT-OVER VAPOUR PLUMES AT A 
PILOT STACK FACILITY 

P. Slawson, University of Waterloo 

TURBULENCE STATISTICS AT 16, 48 AND 92 METRES AT 
DEFENCE RESEARCH ESTABLISHMENT, SUFFIELD 

O. Johnson and B.R. Larson, Suffield Experimental 
Station 

15 min .. 

15 min~ 

15 min. 

15 min. 

15 min. 

Ses$ion M4: Heat and Water Budgets of Small Lakes 3 :00 - 5:00 p.m. 

Chairman: Dr. P ~ J. Barry 

AN INTRODUCTION TO THE PERCH LAKE STUDY 
P.J. Barry, A.E.C.L .• Chalk River 

A COMPARISON OF EVAPORATION ESTIMATE METHODS 
A T PERCH LAKE 

H. L. Ferguson. Canadian Meteorological Service, 
Toronto 

THE DETERMINATION OF THE HEAT CONTENT OF 
PERCH LAKE 

R. J. Polavarapu, Canadian Meteorological 
Servi ce, Toronto 

THEORETICAL ASPECTS OF THE EVAPORATION OF 
TRITIATED WATER FROM PERCH LAKE 

W.N. Selander. A.E,C.L., CbalkRiver, Ontario 

THE HEAT AND WATER BUDGETS OF A BEAVER POND 
E. Vowinckel and S. Orvig, McGill University 

Program I 3 

10 min. 

15 min. 

IS min. 

15 min. 

IS min. 



TUESDA Y MORNING MA Y 11, 1971 8:30 a . m. - noon 

Ses8ion TUt: Instruments -

Chairman: R. Vocke roth 

THE DEVELOPMENT OF ACCURATE WIND-MEASURING 
INSTRUMENTS FOR THE RESEARCH METEOROLOGIST 

G. C. Gill, University of Michigan 

A PROPELLER-TYPE WIND SENSOR 
D. Champ, Canadian Meteorological Service, Toronto 

A "DAMPED" WIND DIRECTION DIGITIZER 
J .5. Dickson, Canadian Meteorological Service, 
Toronto 

Coffee (9:45 - 10: 15) 

A GAS EXCHANGE METER BASED ON THE EDDY 
CORRELA TION TECHNIQUE 

R. L. Des jardins, COA, Plant Research lnst .• 
Ottawa and M. Johnson, Cornell University 

MECHANICAL BALANCE - ELECTRICAL READOUT 
WEIGHING LYSIMETER 

E . l. Mukammal, G.H. McKay and V.R. Turner, 
Canadian Meteorological Service. Toronto 

THERMISTOR-BASED AVERAGING THERMOMETERS 
WITH DIGITAL OUTPUTS 

A. Bootsma and T.J . Gillespie. University of Guelph 

INSTRUMENTS FOR TURBULENCE MEASUREMENTS 
NEAR A WATER SURFACE 

F. W. Dobson. Bedford Institute. Dartmouth, N. S. 

25 min . 

15 min. 

15 min. 

15 min. 

15 min . 

15 min. 

15 min . 

Session TUZ: The Ekman Layer 8:30 a . m. - noon 

Chairman: Prof. A. Davenport 

THEORY OF THE WIND PROFILE UP TO 100-M HEIGHT 
A.K. Blackadar and H.A. Panofsky. 
The Pennsylvania State University 

THE GEOSTROPHIC DRAG COEFFICIENT OVER 
HETEROGENEOUS TERRAIN 

F. Fiedler. Munich and H.A. Panofsky. 
The PennsyLvaniao'State University 

GEOSTROPHIC DRAG, HEAT AND MASS TRANSFER 
COEFFICIENTS FOR THE DIABATIC EKMAN LAYER 

G. T. Csanady, University of Waterloo 

Coffee ( 9:40 - 10:10) 

P rogram I 4 

)5 min . 

)5 min. 

15 min. 



LABORATORY SIMULATION OF NATURAL CONVECTION 
INTO A LA YEll. OF NEUTRAL STABILITY 

n.R. Hay , University of Western Ontario 

AIRCRAFT MEASUREMENT OF TURBULENT FLUXES 
M . Miyake I University of British Columbia 

THE MICROSTRUCTURE OF DRY COLD FRONTS 
H. C. Martin, Canadian Meteorological Service. 
Toronto 

ON THE VERTICAL STRUCTURE OF EDDIES 
O. Johnson, K . Kembry and J .A. McCallum, 
Suffield Experimental Station 

15 min. 

15 min. 

15 min. 

a5 min. 

!!!!=SDAY ~RNOON MAY II, 1971 1:30 - 5:00 p.m. 

Session TU3: lnvited Lecture 

Chairman: Dr. W. L. Godson 

GA!l,P AND SMALL-SCALE METEOROLOGY 
R. W. Stewart, University of British Columbia 

Coffee (2:30 - 3:00) 

Session TU4: Turbulence and Fluxes 

Chairman: Dr. W. L. Godson 

Invi ted Discussant: Dr. W. Swinbank. NCAR, Colorado 

TURBULENT TRANSFER MECHANISMS: A TIME-DOMAIN 
ANALYSIS 

G. A. McBean, Canadian Meteorological Service. 
Toronto 

WIND STRESS OVER ICE AND OVER WATER IN 
THE BEAUFORT SEA 

S.D . Smith, Bedford Institute, Dartmouth, N.S. 

M ICROSTRUCTURE TURBULENCE AND KOLMOGOROFF 
CONSTANTS 

R. W. Burling, University of British Columbia 

CHARACTERISTICS OF TEMPERATURE FLUCTUATIONS 
A T I AND 2 METERS 

E. Ryzner and D.J. Portman. University of Michigan 

THE USSR INTER-COMPARISON EXPERIMENT 
J. McDonald and M. Miyake. University of 
Br itish Columbia 

Program I S 

45 min. 

15 min. 

15 min. 

15 min. 

IS min. 

15 min. 



Session TU5: Instruments - Z 3:00 - 5:00 p.m. 

Chairman: R. Vockeroth 

MEASUREMENTS OF EVAPOTRANSPIRATION FROM 
A DOUGLAS FIR FOREST 

T . A . Black and K.G. McNaughton, University 
of British Columbia 

A NEW SUNSHINE DETECTOR 
J. Cook, Canadian Meteorological Service, Toronto 

A SOUNDING SYSTEM FOR URBAN PROFILES 
J. Markes, H . E. Turner and M.S. Hirt, 
Canadian Meteorological Service, Toronto 

SECOND GENERATION SENSORS FOR REMOTE 
AUTOMATIC WEATHER STATIONS 

J. Whiting, Saskatchewan Research Council 

A REVIEW OF CANADIAN METEOROLOGICAL SERVICE 
INVESTIGATIONS INTO ME:ASUREMENT OF 
PRECIPITATION 

O.J. McKay, Canadian Meteorological Service, 
Toronto 

Prog ram I 6 

15 min. 

15 min. 

15 min. 

15 min. 

15 min .. 



FIFTH ANNUAL CONGRESS 

Ma y 12 - 14 

Joint Wednesday Sessi ons with the 
Se c o nd Canadian Conference on Microme teorolog y 

on 
METEOROLOGY AND THE CITY 

WEDNESDAY MORNING MAY 12, 1971 9:00 a. m .... noon 

Opening Welcome : D.N. McMullen. President, 
Canadian Meteoro logical Society 

Se ssion Wl: 

Chairman: 

Urban MeteorOlogy 

M.K. Thomas 

THE URBAN AREA AS TARGET FOR METEOROLOGICAL 
RESEARCH (Invited Paperl 

H.E. Landsberg, University of Maryland 

NOCTURNAL TEMPERATURES IN EDMONTON 
K . D. Hage, University of Alberta 

CHALEUR URBAINE A MONTREAL 
C. East , Univer8it~ de Montr~al 

Coffee (10:20 - 10:501 

COMPARISON OF URBAN/RURAL ATMOSPHERIC 
COUNTER RADJA nON 

T. R. Oke . Univer s it y of British Columbia 
R.F . Fugg le, McGill University 

SIMULATION OF THE NEUTRALLY STRATIFIED URBAN 
WIND IN CONVENTIONAL WIND TUNNELS 

N . M . Stande n and R.J. Te mplin , National 
Research Council, Ottawa 

WIND STRUCTURE IN CITIES 
A.G , Dave nport. M . Hogan, N. Isyumovand 
T. Jandali, Unive r s ity of Western Ontario 

Program I 7 

5 min. 

30 m in . 

15 min. 

15 min . 

30 min. 

15 min. 

15 min . 



WEDNESDAY AFTERNOON MAY 1Z, 1971 1:30 • 4.45 p. m. 

Session WZ: Human Responses 

Chairman! J. L. Knox 

WINTER CLOTHING REQUIREMENTS FOR CANADA 
A . Auliciems and F.K. Hare, University of Toronto 

INDICES OF WIND CHILL OF CLOTHED PERSONS 
R.G. Steadman. University of Manitoba 

VARIATION OF THE SKIN TEMPERATURE UNDER 
THE INFLUENCE OF FLUCTUATING WIND IN A COLD 
ENVIRONMENT 

F. H. Fanaki. Canadian Meteorological Se rvice. 
Toronto 

PERCEPTION OF LOCAL CLIMATE IN THE URBAN 
AREA OF ABERDEEN, SCOTLAND 

G.R. McBoyle, University of Waterloo 

Coffee (3:00 • 3:30) 

Session W3: Urban Air Pollution 

Chairman: J. L . }(nox 

A SIMULATION MODEL FOR AIR POLLUTION OVER 
TORONTO 

N.E . Bowne, T . R.C. Hartford. Conn . . D.G. Cooper, 
H . H. Angus and Assoc. Ltd., TQronto, L. Shenfeld 
and A.E. Boyer, Ontario Dept. of Energy and 
Resources Management, Toronto 

TIME-LAPSE PHOTOGRAPHY FOR THE STUDY OF AIR 
POLLUTION KINETICS OVER AN URBAN AREA 

J. Havlena and M . F . Mohtadi, University of 
Calgary 

BLOWIN' IN THE WIND 
P.J. Barry. A .E.C. L .• Chalk River, Ontario 

Program I 8 

15 min. 

15 min. 

15 min. 

15 min. 

15 min. 

15 min. 

15 min. 



THURSDA Y MORNING MAY 13, 1971 8:30 a.m. - noon 

Session TH1: Numerical Weather Prediction 1 

Chairman: Dr_ Andr6 Robert 

THE CURRENT STATUS OF WEATHER FORECASTING 
BY NUMERICAL METHODS (Invited Paper) 

A. Robert, Canadian Meteorological Service, 
Montreal 

A PROGRESS REPORT ON PRFClPITATlON 
FORECASTING 

D. Davies. Canadian Meteorological Service. 
Montreal 

TRUNCATION ERROR IN A SPECTRAL MODEL 
P. E. Merilees . McGill University 

Coffee (10:00 - 10:30) 

EXPERIMENTS WITH A PRIM[TIVE EQUATIONS MODEL 
M.B. Danard, University of Waterloo 

HOR[ZONTAL TRUNCAT[ON ERRORS 
C. Chouinard, McGill University 

QUANTITATIVE EVALUATION OF lNlTlALiZATlON 
PROCEDURES 

R. Assclin. Canadian Meteorological Service, 
Montreal 

20 min. 

30 min. 

25 min. 

25 min. 

30 min. 

20 min. 

THURSDAY AFTERNOON MAY 13, [971 1:30 - 5:00 p.m. 

Session THZ: Numerical Weather Prediction II 

Chairman: Dr. Andr6 Robert 

ASSIMILATION OF GEOPOTENTiAL BY A 
PRIMITIVE EQUATIONS MODEL 

1.0. Rutherford and R. Asselin. Canadian 
Meteorological Service. Montreal 

T[ME-DEPENDENT BOUNDARIES IN A BAROCLlNIC 
PREDICTION MODEL 

W.S. ere.wick and M.P. Olson. Canadian 
Meteorological Service t Montreal 

U.S. AIR FORCE GLOBAL WEATHER CENTRAL 
BOUNDARY-LAYER MODEL 

A.L. Friend, U.S. Air Force, OffllttAFB, 
Nebraska 

Coffee (3:00 - 3:30) 

Program I 9 

20 min. 

25 min. 

30 min. 



SOME OPERATIONAL DIAGNOSTIC FIELDS FOR THE 
BOUNDARY LAYER 

M. W. Balshaw, Canadian Meteoro!ogicalService, 
Winnipeg 

NON-LINEAR INTERACTIONS BETWEEN WAVE 
FIE:LDS AND NON-WAVE FIELDS 

M. Shabbar, Canadian Meteorological Service, 
Toronto 

SOME RESULTS OF THE PREDICTIVE DECOMPOSITION 
OF ATMOSPHERIC TURBULENCE 

B.R. Kerman, The Pennsylvania State University 

25 min . 

25 min. 

2S min . 

THURSDAY AFTERNOON MAY 13, 1971 1:30 - 5:00 p.m. 

Session TH3: Radiation 

Chairman: Father C. East 

LIDAR PROBING OF THE ATMOSPHERE 
A.I. Carswell, A.K. McQuillan and R. McNeil, 
York University 

LABORATORY MEASUREMENTS OF LIGHT 
SCATTERING BY AEROSOLS 

R.G. Quiney and A.I. Carswell, York University 

ON THE INTER-RELATIONSHIP BETWEEN NET 
RADIATION, SOIL MOISTURE AND EVAPORATION 

B. Padmanabhamurty. Canadian Meteorological 
Service. Toronto 

EVALUATING AND MAPPING SURFACE VARIATIONS 
IN GLOBAL RADIATION 

B. J. Garnier, McGill University 

Coffee (3: 10 - 3:40) 

A METHOD AND EXAMPLE OF ESTIMATING EFFECTIVE 
NET RADIATION FOR A MOUNTAINOUS WATERSHED 

D. Storr I Canadian Meteorological Service. Calgary 

TOPOGRAPHIC VARIATION OF FOREST CANOPY 
TEMPERATURE AS MEASURED BY AN AIRBORNE 
RADIATION THERMOME:TER 

R.B.B. Dickison and D.O. Greenbank, 
University of New Brunswick 

ON THE VARIATION OF ANGLES OF INCIDENCE AND 
PHASE VELOCITIES OF ANOMALOUS SOUND WAVES 

E.R. Reinelt, University of Alberta, Edmonton 

2.0 min. 

20 min. 

ZO min. 

ZO min. 

20 min. 

20 min. 

20 min. 



FRIDAY MORNING MAY 14, 1971 8:30 a. m. - noon 

Session F 1: Hail and Fog 

Chairman: Professor Walter Hitschfeld 

ALBERTA HAIL STUDIES IN THE FIELD AND 
AT MCGILL UNIVERSITY (Invited Paper) 

W. Hitschfeld, McGi ll University 

HAILSTORM FORECASTING FOR PROJECT HAILSTOP 
A. J. Chisholm. Canadian Meteorological 
Service, Toronto 

PROJECT HAILSTOP 1970 
Pet.er W. Summers. Research Council of Alberta 

Coffee (10:00 - 10:30) 

THE LARGE MONTREAL HAILSTORM OF 1 AUGUST 1969 
Marianne English and Charles Warner, 
McGill University 

THE EDMONTON HAILSTORM OF 4 AUGUST 1969 
Len N. Rogers and Peter W. Summers, 
Research Council of Alberta 

SUMMARY OF THE 1970 FOG DISPERSAL PROGRAM 
AT VANCOUVER INTERNATIONAL AIRPORT 

W. C. Thompson, Canadian Meteorological 
Service, Vancouver 

URBAN GROWTH EFFECTS ON LOW-TEMPERATURE 
FOG IN EDMONTON 

K. D. Hage, University of Alberta, Edmonton 

30 min. 

20 min. 

25 min. 

20 min. 

20 min. 

20 min. 

20 min. 

FRIDAY AFTERNOON MAY 14, 1971 1:30 - 5:00 p.m. 

Session FZ: Hail and Cloud Physics 

Chairman: Professor Roland List 

MESOSCALE RAIN AND HAILFALL PATTERNS IN 
SEVERE CONVECTIVE STORMS 

Peter W. Summers, Research Council of Alberta 

RADAR MAXIMUM REFLECTIVITY PROFILES OF 
CELLS IN A PERSISTENT MULTI-CELLULAR 
ALBERTA HAILSTORM 

James H. Renick. Research Council o£ Alberta 

AIR BUBBLES IN HAILSTONES 
Roland List, WilHam A. Murray and 
Carole L. Dyck, Unive rsity of Toronto 

THE DETECTION OF SILVER IODIDE PARTICLES IN HAIL 
Len N. Rogers, Research Council of Alberta 

20 min. 

20 min. 

ZO min. 

20 min. 



Coffee (3: 10 - 3:40) 

FREEZING OF WATER DROPS AT TERMINAL 
VELOCITY 

W.A. Murray and R. List, University of Toronto 

ELECTRIFICATION ASSOCIATED WITH SPLASHING 
OF SUPER-COOLED DROPLETS ON ICE 

H.G. Hengeveld, P. Y. T. Louie and J. V. lribarne. 
Unive rsity of Toronto 

INFLUENCE OF INITIAL CHARGES AND EXTERNAL 
FIELDS ON SPLASHING ELECTRIFICATION 

J.B. Maxwell and J. V. lribarnc, 
University of Toronto 

20 min. 

ZO min . 

ZO min. 

FRIDAY AFTERNOON MAY- H, 1971 1:30 - 5:00 p.m. 

Se s sion F3: General Meteorology 

Chairman: R. Fichaud 

AN APPROACH TO THE MAPPING OF GRADIENT­
LEVEL WINDS OVER CANADA 

A.G. Davenport and C. Baynes. University 
of Western Ontario 

ON THE SATURATION VAPOUR PRESSURE OF WATER 
J .M. Richards I University of Waterloo 

THE ECONOMIC EVALUATION OF METEOROLOGICAL 
INFORMA TION FOR SNOW CLEARING IN MONTREAL 

A. Das&upta, M. Inagaki, Sir George Williams 
University. 
R. Robinson, Canadian Meteorological Service, 
Montreal 

AN OPERATIONAL METHOD OF TOTAL INSTABILITY 
ANALYSIS AND FORECASTING 

W.S. Harley. Canadian Meteorological Service. 
Toronto 

Coffee (3: 10 - 3:40) 

THE PASSAGE OF A LAKE-BREEZE-FRONT -
A COMPARISON BETWEEN THE CITY AND THE 
SUBURBS 

M.S. Hirt and R. W. Shaw, Canadian Meteorological 
Service, Toronto 

HORIZONTAL TEMPERATURE FIELD - GREATER 
VANCOUVER, B.C. 

J. H. Emslie I Canadian Meteorological Service. 
Vancouver 

AN INTERESTING ARCTIC STORM 
H ~ P. Wilson, Canadian Meteorological Service, 
Edmonton 

20 min. 

20 min. 

ZO min. 

20 min. 

ZO min . 

20 min. 

20 min. 



ABSTRACTS 

SESSION Ml: Agriculture and Forestry 

CONVECTIVE HEAT TRANSFER MEASUREMENTS OF PLANTS IN A 
WIND TUNNEL 

A. Kumar and N. Barthakur 

Heat transfer was studied between intact leaves of various sizes and shapes 
in vivo under free and forced air condictions. Use of a wind tunnel and a 
microwave transmitter to heat the leaves facilitated measurements of con­
vective, along with radiative and evaporative. heat losses from plant leaves . 
Knowledge of input energy. analysis of cooling curves, and established for­
mulae, respectively. formed the bais of the steady-state, unsteady-state, 
and analytical methods for the determination of heat transfer coefficients. 

Typical values of steady-s_t.rte free con~.rction co_~fficie_~ts !yr Pep:eromia 
Obtusifolia varied from 1.5 x 10 to 1.9 x 10 cal cm sec C as the 
temperature difference was increased from 5.9 to 9.6C, while the forced 
convection coefficient was found to be 4.2 x 10-4 cal cm-2 sec- l C-l 2t 122 
cm ~ec-l !find velocity. For egg-plant, this value was about 9 x 10- cal 
cm- sec- C-l at 488 cm sec-r wind velocity. Convection coefficients, as 
determined under steady-state conditions. are compared with those for the 
unsteady-state and analytical values for a single leaf and leaves of three 
different plants. In general, experimental values were found to be higher 
than the analytical ones . 

MODEL EXPERIMENTS ON FORCED CONVECTION, HEAT AND MASS 
TRANSFER OF LEAVES: 
THE EFFECT OF FLUTTER AND LEAF SHAPE 

P. Schuepp 

The convective mass transfer - and by analogy, heat transfer - of various 
nickel-plated leaves and of cedar foliage was examined with an electro­
chemical method for Reynolds numbers 3 x 103 < Re < 4 x 104 • The leaves 
were mounted both rigidly and also flexibly on stems. Similar measure­
ments were made on flat plates of various two-dimensional shapes, also 
mounted rigidly and flexibly in the flow. and the results are compared in 
order to test the validity of the commonly-used analytical expressions 
which represent the leaf by a flat plate and which assum e the effect of 
flutter to be negligible. 

The results. extrapolated for the transfer in air. show good agree­
ment between calculated and measured results only for the rigidly-mounted 
flat plates. The flutter of plates on flexihle stems causes increases in 
transfer of the order of 20 to 300/0. Actual leaf shapes mounted flexibly in 
the flow show typical increases between 25 and 50%; in some cases, higher . 
This strongly indicates that heat transfer coefficients calculated for flat 
plates do not adequately represent the actual convective heat and mass 
transfer of leaves. The (very high) transfer coefficients measured for cedar 
foliage are also discussed. 

HORIZONTAL FLUX DIVERGENCE OF HEAT, WATER VAPOR, AND 
C02 IN A CORN FIELD: CASE STUDIES 

L. H. Allen, Jr. 

Four anemometer masts were placed 15 m apart along a straight line in a 
field of corn. Temperature, water vapor concentration, and C02 concen­
tration were measured at two of these sites, 30 m apart, at 10 levels up to 
a height of 6 m. Horizontal flux divergences of heat . water vapor , and C02 
were calculated from data averaged over 30 minutes. 



The energy (or mass-diHusion) equation for a fluid volume was sim ­
plified to include only two-dimensional flux terms (ho rizontal and vertical). 
Experimental data showed that the turbulent flux terms were negligible com­
pared with the mean flux terms. Horizontal flux divergences ol heat, water 
vapor, and C02 were found to be caused mainly by variations in measured 
wind speed from one mast to the other. Except in the case of a line source 
COZ release . horizontal flux dive rgences due to horizontal changes in tem­
perature, water vapor concentration, or C02 concentration were negligible. 
Theoretical predictions based on our estimates of the errors in determining 
wind speed, temperature, water vapor concentration. and C02 concentration 
gave the same conclusion . 

Total mass flux divergence (horizontal variations in wind speed) can 
be caused by slight variations in the ground level between the masts and to 
variations in ciilnoPy density. Accuracy and placement of anemometers 
(heated-thermocouple type) in the crop can influence the flux divergence 
calcoiations. Both theory and experimental data show that accurate hor­
izontal wind speed measu r ements a re essential in computing the horizonta l 
flux divergence of heat. water vapor, or C02. This wind speed accuracy 
requirement, plus the need for many sensors, make s it difficult to evaluate 
flux divergences i n such studies as the heating of orchards for frost pro­
tection or r e leasing COl Crom a line source. 

AVERAGE BOWEN-RATIO METHODS OF CALCULATING 
EVAPOTRANSPIRATION APPLIED TO A DOUGLAS FIR FOREST 

T .A. Black and K.G. McNaughton 

Forest hydrologists speculate abo!.lt the influence of the s urface organic 
soil layer of the forest on the amount and timing of water yield. especially 
where this layer may be several inches thick, as in the cool, humid for ­
ests of the west coast of British Columbia. To determ i ne the wate r 
balance components of the forest floor, a reliabLe estimate of evaporation 
is required. 

The energy balance / Bowen ratio technique was chosen because the 
net radiation flux. and soil heat flux can be measured relatively accurately. 
thereby putting some limits on the magnitude of the evaporative !lux. As 
an independent check. the evaporative flux was measured with a simple 
lysimeter having a resolution of 0.003 mm of water . 

The study site was located within an ll-year old Douglas fir planta ... 
tion having no understory vegetation. A linear net radiometer and 4 heat 
flux plates connected in series measured net radiation flux and soil heat 
flux . respectively. The Bowen ratio apparatus measured wet and dry 
bulb temperature differences over 90 em with shie lded and aspir-ated 
thermocouples. 

The preliminary results showed that 3 to 50/0 of the net radiation 
flux above the canopy reached the forest floor. The dry bulb gradient 5_q 
em above the forest floor ranged from o. OZC cm -1 at night to 1. z'C cm 
during the day. The daily vapour pressure gradient was between -0 . 05 
and -2.2 mb m- 1• The Richardson number was estimated to be larger 
than 0.5, indicating extremely stabLe conditions. On the other hand, 
smoke studies showed that there was some turbulence. The possibility 
of advection is no t discarded but calculations indicate that it was small 
compa red to vertical energy fluxes. 

The energy budget/Bowen ratio estimates of evaporation for 24 
hours were approximately 700/0 higher than lysimeter measurements, 
while t.he latter were 20010 higher than the evaporation calculated from net 
radiation flux minus soil heat £lux . This indicates that, under prevalent 
conditions, the similarity assumption used in the Bowen ratio method was 
not valid. 

It is concluded that the energy budget/Bowen ratio approach has 
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serious limitations for use under the canopy. The eddy correlation 
measurement oC the sensible heat flux component of the energy budget is 
suggested as an alternative to the Bowen ratio method. 

COMPARISON OF PINE FOREST EVAPOTRANSPIRATION 
ESTIMATED BY ENERGY BUDGET, AERODYNAMIC AND 
PRIESTLEY METHODS 

E.l. Mukammal 

Evapotranspiration of a uniform heterogeneous pine forest was estimated 
using the energy budget, aerodynamic and Priestley methods. The latter 
two technique .s , although quite different in approach, gave similar results, 
the Priestley method yield ing values about 70/'0 higher than the aerodynamic 
method. The energy budget estimate derived from net radiation and 
temperature and humidity gradients above the canopy (Eb 1) gave values 
greater than the aerodynamic and Priestley methods by about 22'0 and 
15%. respectively. When separate energy budgets were obtained for the 
canopy and below the canopy their sum was about 17% greater than Eb l. 
This difference is attributed to horizontal advection below the canopy. 

The Bowen ratio was found to va ry with intensity of net radiation, 
being about 0.9 when the nct energy was about 50 cal/cm2hr, an~ de­
creasing to an average of about 0.3 when i t was about 15 cal/cm hr. 
There was also evidence that the Bowen ratio varied with wind speed when 
net energy was relatively low. being lower with relatively strong and 
higher with relatively weak wind speeds. Zero displacements ranged from 
16.7 m to 15.2 m, and the roughness parameter from 1.5 m to 1.9 rn. 
The former varied with upwind homogeneity of topographical features and 
of the forest, but not with wind speed. On the average. conditions at night 
were found to favour the conti n uation of evapotranspiration. The accuracy 
of measurement, method of measurement, and handling of data are also 
discussed. 

AN EXTENDED BOWEN-RATIO PROFILE METHOD FOR THE 
CALCULATION OF ENERGY FLUX DENSITIES ABOVE VEGETATION 

T.R. Sinclair, L.H. Allen, Jr., and E.R . Lemon 

An extended Bowen-ratio profile method f..,r ca lculating total carbon 
dioxide, latent heat. and sensible heat £lux densities above vegetation is 
proposed. Tempe rature. wate I' vapor. and C02 concentrations were 
measured at severa l heights in the aerodynamic boundary layer above a 
corn crop. The ratio of sensible heat flux density to carbon dioxide flux 
density (a) as well as the Bowen ratio (.8). were used in our computations. 
The height va riable was eliminated by plotting temperature vs. C02 
concentration and tempe rature vs. water vapor concentration. The two 
ratios, Ct and fj. were determined graphically from the slopes of the two 
pLots. Each of the energy flux densities were computed as a function of 
the two ratios and net radiation minus soil heat flux density. 

An error analysis was performed on this extended Bowen-ratio pro­
file method to evaluate the accuracy of the flux density estimates. Less 
than 10% error was fowld for latent heat flux density and less than 150/0 for 
carbon dioxide flux density under normal midday conditions for the instru­
mentation used. However, the carbon dioxide flux density error increased 
substantially (up to 40'0) when the sensible heat flux was small. Neverthe­
less, the extended Bowen-ratio profile method was found to be inherently 
more accurate than the standard energy balance method for calculating 
totaL crop flux densities. 
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SESSION M2: Climatonomy 

CLIMATONOMY 
H.H . Lettau 

Abstract not available. 

SESSION M3: Air Pollution 

ANA LYSIS OF DOWNWIND DEPOSITION OF DRIFTING SPRAY-
CLOUD BY NEUTRON ACTIVATION AND GAMMA-RAY SPECTROMETRY 

K . Yoshida. J. Maybank. H. Mizuma. and S. Iwamoto 

Field trials of spray deposition were conducted under various turbulent 
conditions by using flat-fan nozzles and manganese sulphate solution as 
a tracer. The nozzle can produce droplets smaller than ZOO-micron 
diameter in at least 8'/0 o f the total volume of spray; subsequen tly the se 
d r o plets become a drift potential for herbicide spray opera tions in the 
Prairies. 

Spray deposited on targets of low ash-content filter pa.per was 
then irradiated at a thermal neutron flux of 3.5.x IOl~/cmClsec at 
(Pn -I); and the activity of tracer element in each sample was obtained 
by means of a pulse analyser and was converted into the deposition 
denSity by a comparison method. 

A IO-m meteorological tower near the source . provided information 
for the wind and temperature profiles. Horizontal (X-Y) a nd vertical (Z) 
components of the eddy ve locity were obtained by using a set of Gill-type 
propeller wanemometers at I-m height. 

The downwind depos~tion density. which was obtained. ranged from 
470 to 0 . 1 microgram/em Imin, and can be empirically expressed as an 
exponential function of the downwind distance. The downwind deposition 
density increased proportionally with the horizontal component of the 

mean eddy velocity .JU'lZ + V'2. The deposition density reduction factor, 
which is a ratio of deposition density at 10 m to that at Z . 5 m. decreased 

proportionally with the vertical component of the mean eddy velocity~ 
and with the Richardson number Ri. 

The value of.,J;;li.. which is related to the eddy dilCusivity, appears 
to give an orientation to the droplet trajectory in the initial stage of the 
transport process and controls the distribution pattern of- deposition. On 

the other hand the value of.J'tji2 + v,Z. with respect to the mean windspread, 
controls the quantity of deposition downwind. The physical properties of 
the spray liquid were found to influence the value of the eddy dHfu5ivity. 

The results provide information required for a realistic assessment 
of the threshhold level of the deposition from drifting herbicidal spra y in 
the Prairies. 

CROSS-WIND SHEAR EFFECTS ON ATMOSPHERIC DIFFUSION 
G.T. Csanady 

Some experimental data on atmospheric diffusion over a II medium " 
distance range (order 30 km) have been analyzed in an attempt to dis­
cover any effects on la teral spread attributable to the skewed wind 
profile of the planetary boundary layer. The observations analyzed were 
obtained over "natural" terrain (containing woodlots and villages) in 
Arkansas. Wind shear effects on diffusion were considered " s ignificant" 
when the cloud decisively outgrew the size predicted by the Hay .. Pasquill 
technique from fixed-point cross-wind ve locity fluctuations. Such "sig­
nificant" effects were found only on a few occasions. associated with 
quite extreme rates of cross-wind shear. accompanied by strong stability. 



A TURBULENT DISPERSION COMPUTATION 
G.B. Frame and R.D . Rowe 

Turbulent dispersion from single and multiple sources, such as urban 
areas and industrial stacks. is currently under investigation at the 
Department of Chemical Engineering. University of Ca lgary. The phe­
nomena of turbulence have been represented by many different mathemat­
ical methods with varying degrees of sophistication. The turbulent field 
methods, as summarised by W,C. Reynolds at the recent Amer. Instit. 
Chern. Eng. workshop. offer some expectation for modelling the atmo­
spheric boundary layer containing the above-mentioned sources of heat and 
pollution. In this paper one such method, developed by Harlow of the Los 
A lames Group and others. known as "Mean Turbulent Energy Closure" 
(MTE) is used. 

The case DC the turbulent jet in an infinite fluid has heen studied so 
Car. Numerical results are presented for various quantities including the 
mean velocity distribution . These results indicate that the MTE method 
adequately represents the momentum plume and ean therefore be used to 
predict dispersion from jets. 

(The buoyant plume is now being investigated and some preliminary 
result. for this c aLe may also be available in time for the Conference). 

BUOYANT MOIST BENT-OVER VAPOUR PLUMES AT A PILOT 
STACK FACILITY 

P. R. Slawson 

Dry buoyant plume -rise theory has been extended to moist plumes Cor 
the prediction of the condensation and reevaporation points. Also, a 
simplified formula for predicting condensed plume lengths is developed. 
Observations on condensation and condensed plume lengths Cram a pilot 
stack facility compare favourably with those predicted. 

TURBUl.ENCE STATISTICS AT 16, 48 AND 92 METRES AT DEFENCE 
RESEARCH ESTABLISHMENT SUFFIELD 

O . Johnson and B.R. Larson 

For a number of years . measurements of the three components of tur­
bulence have been made at three Levels on the ORES tower in a variety 
of stability conditions. Most of these were made during summer and 
fall. but a few measurements were made during one winter. Mean values 
of the standard deviations of the azimuth and elevation angLes are given 
for various wind and stability conditions and also as a function of height. 
The results are discussed in relation to practical systems which have 
been suggested for estimating downwind diffusion. 

SESSION M4: Hea!..!:nd Water Bu4.&..ets of Small Lakes 

AN INTRODUCTION TO THE PERCH LAKE STUDY 
P.J. Barry 

Abstract not available. 



A COMPARISON OF EVAPORATION ESTIMATE METHODS AT 
PERCH LAKE 

H. L. Ferguson 

Among the methods being used to estimate evaporation from Perch Lake 
are the Penman Method, various mass -transfer equations and Class A 
Pan measurementS. A correlation analysis has been carried out using 
three years of data. on a time - scale ranging from a day to a month. The 
Penman Method was found to have a relatively high correlation with lake 
evaporation estimated from pan measurements on the downwind side of 
the lake. the daily correlation coefficient being 0 . 87. This high value is 
attributed in part to the fact that net radia tion. used in the Penman 
Equation, is measured over the water surface rather than a standard 
grass surface. Analysis and intercomparison of wind and pan evapora­
Lion data between upwind and downwind sides of the lake reveal large 
differences. For example daily lake evaporation estimated from pan 
measurements on the downwind side averages 14' .. higher than that 
obtained on the upwind side, about 3000 ft away. 

THE DETERMINATION OF THE HEAT CONTENT OF PERCH LAKE 
R. J. Polava r apu 

Lake temperatures from June to September 1969 were measured hourly 
at 12 leve ls right from the air-water interface down to a depth of 8 ft 
including 2 ft within the soil of the lake bcd. From these measurements 
the hourly changes in heat content of the lake were determined in order 
to estimate the evaporative flux. from the measurements of net radiation 
and Bowen ratio. An attempt was made to estimate the time derivative 
of heat content from measurements of the net radiative flux , surface wind 
speed and air-water temperature gradient . 

The diurnal and seasonal changes in the heat content of the lake are 
discussed. The net radiative flux is mostly expended to increase the heat 
content of the lake rapidly in the spring and to evaporate the water in the 
fall. 

The water temperature profile is parabolic during clear n i ghts 
when the net radiation at the surface is negative; the temperature is highe r 
in the middle laye rs and drops in value toward both the air-water inter­
face and the soil-water interface . During clear days the temperature is 
higher at the surface and decreases with depth until very close to the lake 
bottom thus forming a stable stratif ication. The water temperature very 
close to the soil-water interface i s slightly higher than that for the water 
above, indicating that a portion of the visible radiation is still reaching 
the lake bottom to heat the soil surface. During cloudy days the temper­
ature profile is either parabolic or nearly isothermal. 

THEORETICAL ASPECTS OF THE EVAPORATION OF TRITIATED 
WATER FROM PERCH LAKE 

W.N. Selander 

The concentration v of vapour over a lake satisfies approximately a mass 
transfer equation of the form 

u(z)av/iJX S iJ/ilx(K(z)av/ilz) 

where u (z) and K (z) are, respectively. the wind speed and eddy diffu­
sivity associated with turbulent conditions. The coordinates z and x are 
measured 10 the vertical and downwind directions, respectively . Lateral 
or cross-wind variations as well as diffusion in the x-direction, are 
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ignored. Under appropriat.e assumptions , K (z) can be expressed in terms 
of u (z), which can in turn be measured. Under many conditions, the wind 
profile is proportional to zm. where the exponent m varies from one set 
of conditions to anothe r. 

Perch Lake contains a small concentration of tritiated water (HTO, 
where T is a radioactive isotope of hydrogen), which evaporates with the 
lake water . Because it is radioactive its concentration in the air above 
the lake can be measured accurately. Wind speed and tritium concen· 
tration have been measured on the down .. wind side of the lake during a 
va r iety oC wind and weather conditions, as a funeLion of elevation. These 
observations permit a check on theory. 

The agreeme nt between theory and observation depe nds critically 
on the model used to describe the wind profile. The simplest assump­
tions predict concentrations which are consistently too high at low 
elevations and too low at higher elevations. The agreement between 
theory and experiment can be improved considerably by varying the wind 
profile exponent m and by varying the length of fetch which Cor a sma II 
lake is critically dependent on wind direction. 

The implications of this analysis for further experimental studies 
are discussed. 

THE HEAT AND WATER BUDGETS OF A BEAVER POND 
E. Vowincke I and Svenn Orvig 

Small water bodies create their own characteristic local meteorological 
environments. Generally, the heat and water budgets will vary with 
surface area and water depth. If a small pond gradually becomes covered 
by vegetation, its meteorological conditions will change. On occasion, a 
vegetated area may be turned into pond. complete with the established 
vegetation in water and extending above the surface. Such are beaver 
ponds and othe r flooded areas. 

The paper discusses the main features of the development of 
beaver ponds and their heat and water budgets at different stages. The 
energy budget procedures used were previously developed by the authors, 
but were modified to account for the different phases of the pond devel­
opment. The effects of the various physical changes are evaluated by 
comparing the individual heat and water budget terms for the stages irom 
an open lake surface, through different degrees of progression in the 
development of a vegetated pond, to a forest cover. 

SESSION TU 1: Instruments - I 

THE DEVELOPMENT OF ACCURATE WIND-MEASURING 
INSTRUMENTS FOR THE RESEARCH METEOROLOGIST 

Gerald C. Gill 

During the past twenty years the writer has employed and developed a 
number of mechanical and electrical wind speed and direction sensors 
for the accurate measurement of the wind near the ground. He has used 
anemometers of the hot-wire, 3-cup and propeller types; wind vanes of 
the flat plate, splayed, and aerodynamiC shapes; anemometer transducers 
of the D. C. tachometer, light-choppe rand gcar-reducer -potentiometer 
types; and, wind vane transducers of the D .. C. selsyn, A.C. selsyn and 
potentiometer types. He has developed tight weight fragile "£a.ir­
weather" bivanes; flail -weather" anemometer bivanes; vertical flow 
anemometers and a triaxial U V Wanemometer. The merits and limita ­
tions of most of these sensors or systems will be briefly discussed or 
demonstrated. 
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For highest fidelity measurement of the three components of wind 
speed at a tower location the writer suggests the use of two adjacent 
sensors ~ a I'propeller vane" to measure the horizontal component of the 
wind speed and the corresponding azimuth angle of the wind; and an ad­
jacent vertical-shaft propeUe I' anemometer to measure the vertical 
component of the wind speed. Identical light weight expanded polystyrene 
propellers of true helicoidal shape . each driving miniature precision 
direct current tachometers . are normally used for the two-speed sensors . 
A light-weight expanded polys tyre ne wind -vane of the flat plate style, 
app r opriately damped. and driving a precision low torque potentiometer 
i . used for azimuth wind direction measurements. Recording can be on 
three channel. of a magnetic tape or other suitable recorder. _.Fj'idelity 
of recording iG aood for wind speeds in the range 1 - 25 m sec and Cor 
gusts of 10 meters or longer in wa velen gth. The tt!Lft.ing speed of the 
propeller anemometers is usuaily 0.2 to 0.3 m sec . 

A PROPELLER-TYPE WIND SENSOR 
D. Champ 

A relatively simple flat-bladed propeller was designed for wind profile 
m ea ll5 Urements in the International Field Year on the Great .Lakes. At 
speeds more than double the s tarting speed, it displays a cosine respons e 
within 5% of wind speed . linearity within 0.5%. a sensitivity of 0.95 m 
per revolution and an incremental distance constant of Z. I m. Its 
starting speed is about 0.3 m/sec. The sensor principle could be adapted 
to specia l anemometers for micrometeorological use by producing a 
lighte r. less rugged, mode 1. 

Since its cosine error is quasi-symmetrical about 45°, simple 
computer calculations will resolve the wind vector with speed inaccuracies 
less than 2.5% and angular inaccuracies less than 30 at speeds g rea ter 
than 2.5 m sec -I. 

In the transducer, form A reed switch closures are fed to C/MOS 
inte g rated circuitry for propeller di.rection de termination and wi nd 
component accumulahon. The C/MOS log ic allows operati on at low power 
(microwatts} ove r a wide temperature range: (-40 to SSC}. 

A "DAMPED" WIND DIRECTION DIGITIZER 
J .S. Dickson 

A Wind Direction Digitizer that has a voltage controlled slewing rate 
is described, the voltage being selected to meet the user's r oquire m e nts. 
Digital and voltage outputs of the instantaneous difference between the 
lagged position and the vane position are also available I permitting 
measurements of the wind direction variation about a slowly varying 
mean value to be recorded. 

A GAS EXCHANGE METER BASED ON THE EDDY CORRELATION 
TECHNIQUE 

R. L. Desjardins and M. Johnson 

A newly developed sampling system [or measuring fluxes of gases will 
be described. The operation of this system is based on the eddy corre-
1ation technique . Air is sucked into special bags at a rate proportional 
to the vertical wind speed. This gives integrated values of the flux of 
any gas. Water vapor and carbon dioxide fluxes above a corn crop at 
Ithaca, New York, during the summer o( 1970 will be discussed. The 
results will be compared with the Bowen ratio approach for a few 
specia l cases . An extensive discussion of errors will be presented. 

Applications o( this system to air pollution studies on a national 
sca le will also be discussed. 



MECHANICAL BALANCE - ELECTRICAL READOUT WEIGHING 
LYSIMETER 

E .1 . Mukammal, G. H. McKay and V.R. Turner 

As part of the research programme of the Canadian Meteorological 
Service a large. sensitive, weighing lys imeter has been constructed 
north of Toronto on the research site of the Canadian Meteorological 
Service. Features of the instrument include : measurement of runoff; 
free water drainage; drainage for water held by tension; addition of 
water from below during dry conditions; equalization of soil temperature 
profile inside with that outside the lysimeter; humidity control to elim­
inate condensation; low area of discontinuity at the rim to reduce the edge 
effect; and semi-monolith filli ng. This paper describes the construction 
and installation of the lysimete r . problems encountered and some 
infrequently considered sources of error. 

THERMISTOR-BASED AVERAGING THERMOMETERS WITH 
DIGITAL OUTPUTS 

A . Bootsma and T. J. Gillespie 

Thermistor-based instru.ments have been built which produce. for any 
desired averaging period, a single number representing the average 
temperature during that period. A small volume of data is thus obtained 
even for observations over lengthy periods of time. 

An inexpensive. battery-ope rated averaging thermometer was first 
developed for use in orchards as a guide for scheduling spray programs 
to control apple scab. For th is and many other temperature measure­
ments in the air there is no need for shielding and aspirating because 
very tiny thermistors can be used. The same simple circuit has also 
been used to monitor soil temperature s. A more complex the rmistor 
bridge device was later built for an air temperature application requiring 
greater accuracy. Both cir cuits produce pulses at a rate proportional to 
tempe rature with the more complex device having a linear calibration. 
Electromechanical or electronic counters were used to log the data in 
digita L form . 

INSTRUMENTS FOR TURBULENCE MEASUREMENTS NEAR THE 
WATER SURFACE 

F. W. Dobson 

Results from Held tests of a hydraulic wave-following device designed 
and constructed at Chesapeake Bay Institute have been analysed using 
spectral techniques. The analyses show the device to be suitable for 
mainta ining turbule nce sensors at small fixed distances above the sur ­
face of wind-driven waves. The uses o( such a device for air-sea 
interaction studies are discussed. 

SESSION TUZ: The Ekman Layer 

THEORY OF THE WIND PROFILE UP TO IOO-m HEIGHT 
A.K . Blackadar and H.A . Panofsky 

Under the assumption that the turning of the wind with height can be 
neglected up to about 100 m height, a log-linear wind profile is derived 
fo r neutral conditions. The vertical variation of stress and mixing 
length are obtained from earlier Ekman layer theories. 

The results show that corrections to the logarithmic profile must 
be taken into account when stress and roughness length are determined 
from winds observed above 15 m. Generalizations to unstable air are 
discussed, along with practical methods to determine roughness lengths 
and surface stress from tower profiles over homogeneous terrain. 



THE GEOSTROPHIC DRAG COEFFICIENT OVER HETEROGENEOUS 
TERRAIN 

F. Fiedler and H. A. Panofsky 

The geostrophic drag coefficient and contour wind-angle are functions 
of surface Rossby number and a stability parameter. Over heterogeneous 
terrain . the Rossby number is expressed in terms of an "effective" 
roughness length which gives the correct surface stress under the same 
large-scale conditions if the ground were homogeneous. Typical effec­
tive roughness lengths are evaluated from vertical-velocity variances 
observed in the La - La - Cat project . 

In order to allow for stability, an empirical diagram is deve loped 
for geostrophic drag coefficient in terms of both surface R o ssby number 
and insolation. 

GEOSTROPHIC DRAG, HEAT AND MASS TRANSFER 
COEFFICIENTS FOR THE DIABATIC EKMAN LAYER 

G. T. Csanady 

The "asymptotic matching" principle has been applied to the equilibrium 
Ekman Layer with vertical heat flux. This principle requires that the 
properties of the "surface" or "inner" layer overlap asymptotically (at 
large z) with those of the "outer" layer , or rather with the asymptotic 
behavior of the latter as z - O. In this manner , it i s possible to derive 
relationships for the geostrophic drag-, heat and mass transfer 
coefficients (i.e. , relate surface fluxes to large-scale properties of the 
motion) without considering the detailed dynamics of the outer Ekman 
layer , by relying on the fairly accurately known surface layer distribu ­
tions of non - dimensional velocity , temperature and humidity gradients. 
Such bulk transfer coefficients are presented as a function of 0 00 -

dimensional parameters involving large-scale measures o f the flow on ly. 

LABORATORY SIMULATION OF NATURAL CONVECTION INTO A 
LAYER OF NEUTRAL STABILITY 

D.R. Hay 

A laboratory simulation of convection within the lowe st kilometer of-
the troposphere has been developed at the University of Western OntariO 
and was described earlier by Fanaki. The present work is an extension 
of the earlier work towards larger surface heat fluxes flOWing upwards 
into a region of neutral stability. in the a b sence of general horizontal 
flow. As the surface flux increases to about 8 mW cm-2 the observed 
convective plumes increase in number and in vertical penetration while 
each maintains constant diameter. These plumes may migrate over the 
lower boundary while maintaining their identity. At larger surface fluxes, 
the individual plumes lose their identities as the plume field degenerates. 
These observations are related to Telford's recently published theory of 
the convective plume field in the lower atmosphere. 

AIRCRAFT MEASUREMENTS OF TURBULENT FLUXES 
M . Miyake 

By combining the information of fast r e sponse sensors of atmospheric 
turbulence and the motion of an aircraft, it is possi b le to determine the 
fluxes of momentum, heat and moisture from the ocean surface by use of 
an airc1'aft. A Beechcraf t Queen-Air has been used off the west coast of 
Vancouver Island and over the tropical ocean of{ Barbados. The results 
of the flux measurements as compared to measurement s from FLI P and 
the inferred structure of the planetary boundary layer will be discussed. 
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THE MICROSTRUCTURE OF DRY COLD FRONTS 
H. C . Martin 

On seven occasions when dry cold fronts passed over a coastal site. the 
fine structures of temperature and horizontal wind speed were measured 
at a height of 14 m. On one occasion the fine structure of refractive index 
(essentially hllmidity) was also measured. 

The frontal zone is very narrow and turbulent with the bulk of the 
change occurring within a minute. The wind freshens in the few moments 
before the temperature starts to drop and reaches a maximum some seconds 
after the temperature starts to change. 

The temperature and refractive index are highly correlated over a 
wide range of scales. It is suggested that the steep gradients in refractive 
index are typical of gradients at greater heights which gave rise to the 
band or line echoes observed on five occasions by means of IO-em radar. 

From the microstructure records the existence of two mesoscale 
features was inferred: the friction head which is characteristic of flow 
in stratified fluids and the circulation associated with complex fronts. 

ON THE VERTICAL STRUCTURE OF EDDIES 
O. Johnson, K. Kembry and J.A. McCallum 

To determine the slopes of eddies producing atmospheric turbulence, 
the relationships between the three components of turbulence for three 
vertically separated points on a 92-metre tower were studied by cross­
spectral analysis. The analysis can be completed by utilizing the mean 
wind speed and the lag of maximum power, or by taking the ratio of the 
quadrature-spectrum and the co-spectrum - both methods are used in 
the present paper and the results compared. The analysis is given for 
nine trials performed in a variety of stability conditions. It is found 
that the slopes of longitudinal eddies are less than half the slopes of the 
lateral eddies for all stabilities. In near neutral conditions the slope 
is found to be a function of mean wind shear. The coherence as a 
function of the normalized frequency is also investigated . 

SESSION TU3: 

GARP AND SMALL-SCALE METEOROLOGY 
R. W. Stewart 

Abstract not available. 

SESSION TU4: Turbulence and Fluxes 

TURBULENT TRANSFER MECHANISMS: A TIME-DOMAIN 
ANALYSIS 

G.A. McBean 

Direct measurements of the turbulent fluxes of momentum, heat. and 
moisture were made in the atmospheric surface layer . These data were 
previously examined in the frequency domain by the author in order to 
investigate and to compare the turbulent transfer mechanisms of the 
three fluxes. In this paper the results of the analyses in the time domain 
will be presented. Single and joint probability density distributions of 
the turbulent variables were computed for a range of atmospheric stability 
conditions. The interpretation of these results, as they apply to the 
turbulent transfer mechanisms. will be compared with the earlier results 
based on_ sp.ectral analysis. 
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WIND STRESS OVER ICE AND OVER WATER IN THE BEAUFORT SEA 
S.D. Smith 

A sonic anemometer-thermometer has been used in a preliminary study 
of Reynolds stress. sensible heat flux, and ve locity and temperature 
spectra ave rice (3 runs) and over wate r (2 runs) in the Beaufort Sea. 
The wind drag coefficient CIO is 0.0025 over ice (stable conditions) and 
0.0014 over water (unstable). 

MICROSTRUCTURE TURBULENCE AND KOLMOCOROFF CONSTANTS 
R . W. Burling 

Abstract not available. 

CHARACTERISTICS OF TEMPERATURE FLUCTUATIONS AT \ AND 
2 METERS 

E. Ryznar and D. J. Portman 

Temperature fluctuation6 were measure'd a t 1 and Z meters over a level 
grass field coincidently with temperature and wind profiles up to 4 meters. 
Measurements were made at one height for some observation periods and 
simultaneously at both heights for others. Intensity and spectral charac'" 
teristics of the fluctuations are discussed in relation to the Richardson 
number for lapse and inversion conditions. 

For lapse conditions, average values 

in the relation cJ
T 

~ AZP, where cJ
T 

is the 

of the power p .. In(cJTz /
cJ

T 1) 

In{Zz!Z\) 
standa rd deviation of tempe rature . 

A a constant, and Z the height. are shown by the results to: (1) in creas~ 
gradually from about - 0. 15 for Ri - -0.002 to -0.05 for Ri - -0. 05 ; (Z) 
increase abruptly to about +0.Z4 between Ri .. -0.05 and -0.1: a nd ("3 ) 
gradually level off at about +0 . 3 for Ri _ -0.2 . 

Aspects of the results are not in agreement with either simila rity 
theory or the results of others . They are discussed in relation to the 
heigbts of the measurements and the formation and structure of micro­
thermals i n unstable thermal stratification. 

THE USSR INTER-COMPARISON EXPERIMENT 
J. McDonald and M. Miyake 

During the period 15 June to 20 July 1970 an international inter ­
comparison of turbulence equipment was held at Tsimlyansk. U.S.S.R. 
Groups from Australia, the United States. Canada and the U.S.S.R. 
participated. Synchronized measurements of fluctuations of horizontal 
and vertical winds. temperature. and humidity were carried out using 
different instruments placed near each other. Some results of this 
experiment will be presented and discussed. 

SESSION TU5: Instruments - 2 

MEASUREMENT OF EVAPOTRANSPIRATION FROM A DOUGLAS FIR 
FOREST 

T. A. Black and K. G. McNaughton 

Reliable es timates of evapotranspiration from west coast forests are 
required for the testing of hydrologic models and for management decis" 
ions in forested watersheds. The objectives of this study were: (1) to 
measure evapotranspiration from an ll-year old, 9 "meter high Douglas 
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Or forest during the summer months when drought limits forest growth; 
and (2) to determine the feasibility of measuring evapotranspiration 
using the energy balance/Bowen ratio method continuously over an ex­
tended period of weeks. 

The Sargeant-Tanner psychrometric Bowen ratio apparatus design 
was modified for use on a micrometeorological tower by making a stur­
dier frame and sensing heads I epoxy mounting the diode -thermometer 
elements in the sensing heads rigidly, and eliminating the influence of 
lead resistance in the bridge circuit. The apparatus continuously 
measured the differences in the wet and dry bulb temperatures over 1 
meter to less than O.OIC. The Bowen ratio apparatus and a net radiO­
meter were mounted On a 10-meter tower. Canopy heat storage was 
calculated from the canopy air and tree temperatures, and canopy air 
vapour pressures. Soil heat flux density was measured by soil heat 
flux plates and integrating thermometers. 

The contribution of the soil heat flux and canopy heat storage rate 
to the total evapotranspiration over several days could be negLected. 
The temperature and vapour pressure gradients did not exceed -0.4C/m 
and -0.4 mb/m respectively. The Bowen ratio rarely exceeded 2.0 
during the daytime hours. The sensible heat flux reached a maximum 
just prior to noon while the latent heat flux and canopy vapour pressure 
defiCit maxima occured in mid-afternoon on clear days. 

The energy balance system operated successfully over a period 
of six weeks continuously regardless oC rain. Evapotranspiration was 
measured to within 20%. This data will be used in a water balance 
model at this site. 

A NEW SUNSHINE DETECTOR 
John Cook 

The design and performance of a sensor whose output is directly related 
to the duration of bright sunshine is described. The system was designed 
to meet W.M.O. recommendations for a sunshine detector. compatible 
with automatic weather stations. 

The new instrument's output is compared to the standard Campbell 
Stokes' record, and corresponds well with the output from the Eppley 
sun-tracking pyrhe liometer . 

The sensor appears to have potential application as a relatively 
inexpensive quantitative radiation sensor. 

A SOUNDING SYSTEM FOR URBAN PROFILES 
J. Markes. H.E. Turner and M.S. Hirt 

A portable sounding system for obtaining wind and tempe rature profiles 
in an urban environment is described. The sonde is an expendable, 
solid-state, 403 MHz device which can be carried aloft by a standard 
pilot balloon. The ground receiving system is compact, light-weight 
and operates from a 12 volt d.c. source. Temperature is read directly 
from a chart recorder. 

SECOND GENERATION SENSORS FOR REMOTE AUTOMATIC 
WEATHER STATIONS 

J. Whiting 

This paper surveys the sensors commercially available for use with 
remote recording weather 5tation5. Tables are presented for typical 
models. and give the accuracies and time responses of the sensors: (a) 
by themselves and, (b) in actual field operation associated with .epecific 
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analogue and analogue- to - d i gita l recorders. The importance of the 
choice of the sensors is shown to have dramatic effects on the quali t y of 
the data and on the representativeness of the data with respect to the 
actual micro - climatic history. The conclusion reached stresses the 
need for further resear ch especially into the question of frequency 
response: is the response of the senSOr to the actual oscillations of 
the parameter measured, either u nder-damped, damped, filte r ed , o r 
over-damped? 

A REVIEW OF CANADIAN METEOROLOGICAL SERVICE 
INVESTIGATIONS INTO THE MEASUREMENT OF PRECIPITATION 

D,J. McKay 

Investigations over the past several years have concentrated mainly on 
improving the accuracy and reliability of precipitation measurements 
made by conventional gauges. These include development of a new 
larger capacity ordinary or standard rain gauge and a replacement 
metering unit for the tipping-bucket rain gallge. 

The Service has also investigated 80me relatively new methods 
of measuring winter p r ecipitation, such as those using the heated 
liquid surface volumetric gauge and the snow pillow. 

Some details of these new instruments are given . as well as a 
discussion of their limitations under operating con ditions. 

SESSION WI: U r ban Meteorology 

THE URBAN AREA AS TARGET FOR ME:TEOROLOGICAL RESEARCH 
H. E. Landsberg 

Meteorological research in the recent past has placed most emphasis on 
large - scale atmospheric motions . storms and damaging weather patterns , 
synoptic scale forecasting, and app lications to aviation and agricultu r e. 
With continuing concentration of population in urban areas (in western 
countries now 70'10) greater attention than heretofore has to be focussed 
on the meso- and micrometeo r ologicaL p r oblems of densely set tled a r eas, 
which also coincide with high concentrations of industry and road traffic.... 
These have, for examp l~, created pollution hazards intimately related to 
meteorological conditions. A considerab ly higher p r emium has a lso been 
placed on pin - pointed forecasts of snow conditions. 

Parameters under notabl e influence of 

Synoptic situation Surface 
characte ristics T OT U N 

oz 

Total urban area Z Z Z 
Portion vegetated 1 I 
Albedo 2 Z 
Roughness Z 3 
Combustion &: other 
heat products l 3 I 

1 weak Z moderate 3 strong interaction 

local condi tions 
Zo/cm 3 V q precip. 

Z Z 
1 Z 

2 

3 2 2 3 

T temperature, ~T/AZ low-level temperature gradient, U wind speed, 
N cloudiness I Zol em 3 nuclei numbe r, V visibi lity, q speCific humidity t 
precip. amount and character of precipitation . 
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Adequate density of surface observations and low-level vertical 
soundings have become essential needs. Model formulation has lagged 
because of the great complexity of interaction. Much of the current re­
search is still phenomenological. The problem can be illustrated in the 
form of a very simplified and schematized matrix. 

Neither the columns nor the rows are independent of each other, so 
that various boxes are more or less highly correlated. 

Some of the implications will be discussed with illustrations drawn 
from recent pertinent literature and experiments conducted in an area 
undergoing rapid urbanization. 

NOCTURNAL TEMPERATURES IN EDMONTON 
K.D. Hage 

A network of seven thermographs has been operated continuously within 
the city of Edmonton since February, 1968 by Geoscience Research 
Associates Ltd. under contract to the Department of Health of the Govern­
ment of Alberta. Data from these stations. together with hourly observa­
tions from two rural airports. and one urban airport, in the Edmonton 
area are inadequate for mapping the temperature field, but provide an 
unusual opportunity for the study of some climatological characteristics 
of urban temperatures over relatively flat terrain undisturbed by Lake and 
sea influences. All thermographs are calibrated at regular intervals and 
supplementary calibrations are carried out using airport observations 
during periods of continuous precipitation. Annual variations in heat 
island intensity. based on analyses of two years of data, are ill-defined 
because of large variations in month-to-month frequencies of favourable 
nights. Stratified monthly samples consisting only of nights with intense 
heat islands appear to show weak intensity maxima in mid wjnter and early 
summer. A well-defined diurnal cycle in heat island intensity is found 
with a maximum before midnight in the cold season and just after midnight 
in the warm season. The results are discussed in relation to the develop­
ment of realistic heat island models. 

CHALEUR URBAINE A MONTREAL 
Conrad East 

Grace a des sondages de temp~rature effectu~s en h~licoptere a 12 sites 
de l'iLe de Montr~al. on a pu calculer la chaleur g4!n4!r6e par la ville en 
38 jours assez bien distribu~s a travers l'ann4!e. 

Une relation lin4!aire inverse entre la chCl;leur urbaine et La tem­
p~rature ambiante a pu iHre 4!tablie. Toutefois. la chaleur artificielle 
estim4!e a partir de la consommation des combustibles de l'industrie et 
du chauffage repr~sente a peine 25 pourcent de la chaleur urbaine totale. 
telle que mesur~e directement dans l'atmosphere. On discute l'hypothese 
selon laquelle Ie reste de la chaleur urbaine devrait etre attribu~e au 
rayonnement solaire absorb~. puis r~emis par les surfaces et structures 
de la ville. 

COMPARISON OF URBAN/RURAL ATMOSPHERIC COUNTER 
RADIATION 

T. R. Oke and R.F. Fuggle 

The effect of an urban atmosphere upon the incoming longwave radiation 
is investigated by direct measurement. Counter radiation and air tem­
peratures were continuously monitored during automobile traverses 
across the Island of Montreal at night. Results show that urban counter 
radiation values are consistently higher than those for rural locations, 
but that the magnitude of the differences is small. Comparison between 
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the measured radiation and that compute d (rom empirical equations shows 
good agreement in rural areas, but important differences in the city. 
There is a correspondence between the air temperature and incoming 
longwave radiation profiles across the city . However, it is felt that. 
contrary to previ ous opinion, the increased counter radiation is an effect 
rather than a cause of the urban heat island. It is conclude d that increased 
incoming longwave radiation in urban areas is not a major contributor to 
urban/rural heat balance differences. 

SIMULATION OF THE NEUTRALLY STRATIFIED URBAN WIND IN 
CONVENTIONAL WIND TUNNELS 

N. M. Standen and R. J. Templin 

The Low Speed Aerodynamics Se ction o f the National Aeronautical 
Establishment is currently engaged in a programme to prod uce scale 
models of urban winds in conventionaLLy sized wind tunnels. At present, 
contoured, two - dimensional"spires ll , mounted on the tunnel iloor at the 
entrance to the working section, are being used in the attempt to generate 
a shear layer approximately the height of the spires and with a mean 
ve locity profile and turbulence characteristics similar to a ne utrally stable 
wind ave r a city . 

A recent test in the NAE thirty-loot tunnel at Uplands compared the 
characteristics of a shear layer generated by four-foot s pires with those 
of a shear layer generated by a boundary layer growing over 3 w inch cube 
roughness along the entire working section floor. The effects of these 
two shear layers on a 1/400 scale model of downtown Montreal were also 
compared. Quantities measured included the mean velocity profile. lon­
gitudinal turbulence intensity, Reynolds stress and longitudinal turbulence 
power spectral density . 

WIND STRUCTURE IN CITIES 
A.G . Davenport, M. Hogan, N. Isyumov and T . Jandali 

The paper describes a number of w ind climate studies for large c ities 
carried out while establishing the wind loading on ta ll buildings. Mete-
0rological records of both surface and upper level winds are used 
extensively. 

In addition the use of topographic models in conjunction with the 
boundary-layer wind tunnel is described {or the purpos e: of describing 
general airflow characteristics. 

The situation in Toronto will be discussed in detail. Field data on 
the mean flow and turbulence will also be described and compared with 
wind tunnel observations. 

SESSION W2: Human Responses 

WINTER CLOTHING REQUIREMENTS FOR CANADA 
A. Auliciems and F.K. Hare 

Amounts of Clothin g insulation needed to maintain thermal equilibrium 
have been calculated from hourly observations of air temperature, wind 
velocity and cloud cover over a period of ten years at eighty stations. 
This enables the prediction of actual clothing requirements (in cle units) 
for a variety of activities, and prov ides a human classification of the 
country for the months of September to April. 



INDICES OF WIND CHILL OF CLOTHED PERSONS 
R. G. Steadman 

The concept of wind chill as a measure of the combined efIects of low 
temperature and wind is reviewed. An analysis is presented of the 
effect of these variables on a person dressed for cold climates and takes 
account of all important modes of heat lossl including breathing, and 
heat transfer through c1oth lng. This analysis leads to two chief indices 
of wind chill: the wind-chill equivalent temperature, which is tabulated 
and compared with existing tables, and the clothing thickness required 
to maintain a person in thermal equilibrium . The distributions of 
clothing thickness and of the wind chill of exposed skin at 30°C are 
described . 

VARIATION OF THE SKIN TEMPERATURE UNDER THE INFLUENCE 
OF FLUCTUATING WIND IN A COLD ENVIRONMENT 

F.H. Fanaki 

The loss of heat from a man exposed to a fluctuating wind of short and 
long periods is analyzed. In the analysis it is assumed that heat i6 lost 
from the body to the environment by convection, conduction, radiation 
and through breathing. The loss of heat b y evapo.ration has been ignored. 
With this assumption the governing equation for the transfer of heat is 
described and is solved by the application of a Laplace transformatio n. 
The solution is expressed in terms of the amplitude and periodicity of 
the wind fluctuations. Numerical results are given. The results obtained 
serve as a guide to the degree of refinement required in determining the 
chill factor. 

PERCEPTION OF LOCAL CLIMATE IN THE URBAN AREA OF 
ABERDEEN, SCOTLAND 

G.R. McBoyle 

The most frequented living area today is the urban scene but what is known 
of people's perception of climate in the urban environment is ver y little. 
In order to obtain some information on the problem a postal questionnaire 
was sent to 600 adults within the urban area of Aberdeen, Scotland during 
the summer of 1970. 

The respondents' answers indicate that Aberdonians in general dis­
like damp conditions, excessively high and low temperatures, and consider 
that their city is colder and windier than the surrounding countryside. The 
public's opinions on the warmest and coldest areas of the city by day are 
very accurate when compared with SCie ntific observations. The situation 
by night, however, is different with Abe rdonians appearing to be unaware 
of such phenomena as frost hollows and night-time, urban heat islands. 
It is surprising that moet respondents accurately named the most windy 
and least windy parts of the city yet 7 out of every 10 respondents con­
sidered that there was little difference in precipitation within the city even 
with a 600-£00t amplitude of relief. Since fog is one of the main dislikes 
of Aberdonians its predominant areas are well known, namely, near the 
sea and along the valleys. At the other end of the spectrum the different 
slope aspects have resulted in varying amounts of sunshine in different 
parts of the city. This too has been translated accurately into people's 
minds. 

Aberdonians always tend to open a conversation with a comment on 
the weather and it would appear from the study that they are well qualified 
to do so with the exception of night-time, intra-urban temperature 
differences. 

The survey's results should be encouraging to most researchers 



because they indicate that the average citizen is knowledgeable. interested 
and probably able to assimilate more knowledge about neteorology and 
clima tology than we give him credit for. A follow-up study would be to 
ascertain if the respondents put their weather knowledge to use in every­
day decisions and in weather-sensitive activities. 

SESSION W3 : Urban Air Pollution 

A SIMULATION MODEL FOR AIR POLLUTION OVER TORONTO 
N.E. Bowne. D . G. Cooper. L. She nfeld ·and A.E. Boyer 

The devlopmenl of a mathematical model to simulate the atmospheric 
environment over Toronto has provided a means of evaluating the 
relative importance of pollutant emissions, meteorologicaL factors. and 
the geographic distribution of pollution so.urces in determining air quality. 

Changes in air quality p roduced by atmospheric changes must be 
evaluated side by side with air quality changes resulting from the increased 
or decreased pollutant emissions . 

An exten sive emission inventory is described, including a review of 
major pollution sources. 

Toronto Model predictions. based on hour-by-hour measurements 
of meteorological variab les from a network of observation points and 
pollutant emissions from thousands of sources. are compared with air 
qua lity measurements from eight sampling locat ions. The relative 
i mportance of meteorologica l changes and pollutant emission changes is 
i llust ra ted. 

TIME-LAPSE PHOTOGRAPHY FOR THE STUDY OF AIR POLLUTION 
KINETICS OVER AN URBAN AREA 

J. Havlena and.M.F. Mohtadi 

It. photogrammetric technique using time-lapse cine-photography has 
been developed for the study of the [ormation and movement of pollution 
c louds over a n urban area. Qualitative eva l uation of results lor the 
City of Calgary obtained during the summer of 1970 shows that this 
technique provides information on: 

I) the formation of pollution clouds, 
2) the movement of pollution clouds due to meteorological factors, 
3 ) the extent of the contribution of traffic and industrial sources 

to pollution, and 
4) certain optical properties of the po llution cloud. 
The technique appears also suitable for monito ring of polluted air . 

Densitometric evaluation of results planned for the future will provide a 
bas i s for verification of the mathematical model of air pollution above 
a given area. 

BLOWIN' IN THE WIND 
P.J. Barry 

More than one way of managing our industrial and reside ntial airborne 
wastes is open to U5. Our options include: 

(i) Meteorological control, whereby the s trength of selected 
sources is r educed during periods of poor atmospheric 
dispersion, 

(ii) Siting. meaning the horizontal or vertical displacement of 
sources relative to sensitive r ecepto rs t 

(iii) Source strength reduction, achieved by removing to a greater 
or te sser degree, potential pollutants from effluents. 

. ... . , ... "" 



Which of these alternatives or combination of them we choose will 
depend on their effectiveness per unit cost. Effectiveness of a control 
measure is the amount by which the harmful effects of pollution are re­
duced when the control is applied. To assess the harm done we must 
know how particular adverse effects are related quantitatively to the 
time course of exposure of sensitive receptors (e. g ., people, buildings. 
agricultural crops, etc.). 

To elucidate these relationships, meteorologists will have to co­
operate closely with epidemiologists, toxicologists, plant pathologists 
and other specialists. In addition, meteorologists will have to predict 
temporal and spatial distributions of pollution levels for a variety of 
a lternative source conditions and alternative source-receptor configura­
tions 80 that the amount of harm per unit of release corresponding to 
each case can be estimated. 

Unfortunately, we do not yet know enough about atmospheric 
dispersion. More research is needed but of a kind different from and 
having a different emphasis from that which has been popular hitherto. 
The meteorologist will have to answer questions other than his own and 
his answers will have to be expressed 50 that they will contribute to the 
solution of practical problems. 

SESSION THI: Numerical Weather Prediction I 

THE CURRENT STATUS OF WEATHER FORECASTING BY 
NUMERICAL METHODS 

Andr~ Robert 

Records of verification scores for the past 25 years show a drop of the 
order of 35"0 in the errors associated wi th weather forecasts. Experi­
ments dealing with the predictability of the atmosphere indicate that the 
errors in current short-range forecasts could be reduced by at least a 
factor of four. The various sources of e rrors in numerical models are 
examined with the percentage contribution given in each case. Short­
term projections are made of the expected increase in the accuracy of 
numerical predictions. 

A PROGRESS REPORT ON PRECIPITATION FORECASTING 
David Davies 

Numerical forecasts of precipitation amount for transmission over the 
facsimile circuits have been produced operationally on the Central 
Analysis Office computer since February 1968. The basic scheme was 
designed to work in conjunction with a baroclinic model. It features 
three-layer moisture resolution in the vertical. the gradual onset of 
large - scale precipitation at some threshold value of dew point depression. 
and the prediction of small-scale precipitation by means of empirica l 
formulae. 

For the last three years further development work has been carried 
out On experimental versions of the same baroclinic·precipitation package. 
This has resulted in several successful innovatipns which have already 
been incorporated into the operational run . For instance, the eddy dif­
fusion of potential vorticity has replaced smoothing in the baroclinic model , 
and associated changes have been made in the vertical motion computations. 
Crude radiation and ocean heating terms have been added to the predictive 
equations for temperature and dew point depression. Some temperature 
dependence has been introduced into the maximum total precipitation 
permitted at a grid point, and also in the threshold criteria for frontal 
precipitation. And some non-linearity has been introduced into the formula 
for large-scale precipitation. 



Other aspects of the experimental integrations did not have immediate 
operational application, but appear to have interesting implications. For 
instance, the release of latent heat appears to aHect the large- s cale 
circulation in a manner which is highly dependent on the scale of the pre­
cipitating cells . The effective eddy diffusion constants appear to be highly 
de-pendent on the baroclinicity. And a highly sensitive model appears to 
be a disadvantage in no-data areas. 

The baroclinic-precipitation package is now being converted to 
operate over a fine grid mesh with a spacing half the standard size. 

TRUNCATION ERROR IN A SPECTRAL MODEL 
P.E. Merilees 

A spectral barotropic model of the northern hemisphere is integrated 
from the same initial condition using various resolutions for a five-day 
period. The various integrations are compared as a function ot time in 
order to determine the dependance of truncation error on wave number. 

The initial data are truncated at longitudinal wave number 6, usin g 
6 degrees of freedom for latitude variations. Subsequent integrations 
use the same number of deg rees of freedom in latitude and truncate 
successively at longitudinal wave numbers 9, 12, 15, and 18. 

Pre liminary results indicate that the truncation error falls off 
with increasing resolution but at a rate which is considerably less than 
exponential. 

EXPERIMENTS WITH A PRIMITIVE EQUATIONS MODEL 
Maurice B. Danard 

An 8-level primitive equations model has been developed including 
orography, large-scale release of latent heat, long-wave radiation, 
friction, and fluxes of heat and water vapor from water surfaces . The 
clouds and moisture patterns used in the radiation calculations are pre­
dicted (Le • • vary with time). Drag coefficients vary spatially. Thirty­
six hour predictions are performed for an intense mid-latitude winter 
cyclone over North America. 

The influences oC long-wave radiation, surface fr iction , and the 
Great Lakes have been studied. Truncation error has also been inves­
tigated by halving the grid size from 380 to 190 km. The improvement 
in the lower troposphere is quite striking. After 36 hours the Great 
Lakes cause a lowering of the IOOO-mb heights by about 70 m (i.e .• 
surface pressure is dropped about 7 mb). E!£ects on wind speeds and 
precipitation are also noted. 

HORIZONTAL TRUNCATION ERRORS 
C. Chouinard 

Spatial auto-correlation (unctions designed for objective analysis 
schemes provide a meaningful method of evaluating truncation errOrs 
associated with the calculations of finite-difference derivatives involved 
in the integration of an atmospheric model. 

A simple hemispheric barotropic model was integrated using grid 
size$ of 400, 280, ZOO and 140 km. A comparison of these results pro­
vides another method of evaluating truncation errors and their behaviou r 
with time. 

A third method consists of evaluating spectrally , tha. so called 
"exact values" of the vorticity, advection and tendency fields. Comparing 
these to grid calculations. also produces reasonable e stimates of trun­
cation errors. All three methods show that the usual 381-km grid, still 
used operationally. doel5 not provide us with sufficient horizontal resolution. 



QUANTITATIVE EVALUATION OF INITIALIZATION PROCEDURES 
Richard Asse lin 

With the help of the Dynamic Prediction Research Unit 5-1evcl P.E. 
model (simplified pressure-coordinate version) the consequences of 
starting an integration with non-divergent winds I or winds satisfying 
the linear or non-linear balance equation, have been evaluated in terms 
of differences from a forecast started (rom l1ideaP' initial conditions. 
Statistics on the height , divergence and vorticity errors for up to 
several ,days will be presented and interpreted. 

SESSION T HZ: Numerical Weathe r Prediction II 

ASSIMILATION OF GEOPOTENTIAL BY A PRIMITIVE EQUATIONS 
MODEL 

1.0. Rutherford and R . Asselin 

The so-called assimilation problem involves the pe r iodic updating of 
the fields produced by a forecast model with data from the real atmo­
spheric fields. Observations of any of the variables are unevenly 
distributed in space or time and must be combined with the predicted 
values (containing past observations) in such a way as to best define the 
"true" state of the atmosphere. In the past the fields of geopotential 
and wind have generally been adjusted according to some constraints 
(Le .• the balance equation) at each assimilation cycle. 

The experiments to be described have been con:lucted using a 
(barotropic) P. E. model with the aim of investigating the adjustment 
of the wind field to periodic assimilation of only the geopotential during 
the integration . The particulars of the adjustment process have been 
found to depend upon the assimilation frequency. the dissipation prop ­
erties of the model, the spectral distribution of the variables, the type 
o( motion (rotational or divergent) and other details. 

TIME - DEPENDENT BOUNDARIES IN A BAROCLINIC PREDICTION 
MODEL 

W. S. Creswick and M . P . Olson 

A four-level baroclinic model is integrated over a limited area with 
lateral boundaries prescribed by forecast values from the same model 
integrated f r om earlier data over a hemispheric grid. Radiation and 
ocean hea-ting terms are simulated through an error feed-back technique. 

U . S. AIR FORCE GLOBAL WEATHER CENTRAL BOUNDARY-LAYER 
MODEL 

A. L. Friend 

An eight-level physical numerical model has been developed for the 
lower tropospheric region (surface-1600 m). This model is an integral 
part of the complete AFGWC meso-scale (sub-synoptic) numerical 
a.nalysis and prediction system. It provides greater horizontal and 
vertica l resolution in both the numerical analyses and fo r ecasts by pre­
dicting the more detailed smaller scale atmospheric perturbations. 

Important features include: a completely automated objective nu­
merical analysis of input data; the three-dimensional transport of heat 
and moisture; terrain and frictionally induced vertical motion; latent 
heat exchange in water substance phase changes; and eddy flux oC heat 
and moisture . 

Input data are conventional synoptic surface and upper air reports . 



Other AFGWC prediction models provide horizontal wind components at 
the upper boundary and an estimate of cloudiness above the boundary­
layer region. A case study is used to demonstrate the potential of this 
model, despite some approximations which broadly si_mpl.i!y the Tcal 
planetary boundary-layer processes, tp- realistically simulate and accu­
rately predict the actual behaviour of the atmosphere in the boundary­
layer region for up to 24 hours. 

SOME OPERATIONAL DIAGNOSTIC FIELDS FOR THE BOUNDARY 
LAYER 

M.W. Balshaw 

Problems in diagnosis and short-range prediction of subsynoptic scale 
weather patterns, such as low cloud and precipitation isohyets, are dis­
cussed and related to vertical motion fields induced in the boundary layer. 
Three principal kjnem3tic fields are identified: low level divergence, 
orographic lift and turbulent mixing. An operational method for evaluating 
these fields from the synoptic surface observations has been developed and 
programmed on the Prairie Weather Central CDC 6500. A test run was 
made on 29 days of lZ00Z data observed in .June 1970 (3113 cases). and a 
statistical study was made of the usefulness of these fields in the operational 
diagnosis and short-range prediction of cloud and precipitation. The fields 
for a few days are presented in de.tail and these will demonstrate dramat­
ically the ability of the fields to assist in the diagnosiS oC weather patterns. 

Other operationally useful fields of low-level temperature advection, 
available moisture, potential temperature, geostrophic wind and wind 
trend are also included in the operational package of charts available to 
the meteorologists approximately 45 minutes after time of observation. 
Finally an approach to evaluating explicitly the vertical motion induced 
through the boundary layer, using available surface data, is discussed 
and preliminary results are presented. 

NON-LINEAR INTERACTIONS BETWEEN WAVE FIELDS AND 
NON-WAVE FIELDS 

M. Shabbar 

This contribution focuses on the importance of resonance mechanisms 
in the atmosphere. The problem studied concerns the longtime behav­
iour of the planetary motions of the atmosphere~ It is demonstated that 
by adopting an approach based on different time -scales - a short time­
scale characterising the period of pertubations and a long time-scale 
characterising slow secular changes, i.e., period of modulations- the 
resonant non-linear interaction theory provides a new and suggestive 
mechanism for the forcing of stratospheric zonal flow by the vertically 
propagating planetary wave packets. 

The analysis is restricted to a conservative physical system, and 
a wave package approach is adopted. 

SOME RESULTS OF THE PREDICTIVE DECOMPOSITION OF 
ATMOSPHERIC TURBULENCE 

Bryan R. Kerman 

SeveraL theoretical attempts have been made recently to expand turbulence 
in terms of associated stochastic processes. Most have utilized the 
properties of wide-band "white" noise with a Gaussian probability distri­
bution. The paper outlines how this concept, as well as associated features 
of systems theory, can be directed towards an empirical expansion of 
atmospheric turbulence in terms of response functions. The procedure is 
a consequence of Wold's decomposition theorem and Wiener's functional 



representation of stochastic processes. In principle, the decomposition 
is a synthesis of the realizations of a self- excited, non·linear process. 
such as turbulent fluid flow, without the artifice of explicit external 
excitation. Some preliminary results concerning the low-order response 
functions for atmospheric turbulence as measured by an aircraft in the 
upper planetary boundary layer over a flat plain will be given . Some 
dynamical interpretations and measures of the approximations of the 
representation are attempted. 

SESSION TH3: Radiation 

UDAR PROBING OF THE ATMOSPHERE 
A.!, Carswell, A.K. McQuillan and R . McNeil 

A L1DAR (Laser Radar) system has been cons tructed at York University 
to investigate the use of optical scattering for atmospheric diagnostiCS. 
The system is capable of providing up to 150 MW peak power at the ruby 
fundamental (6943 ~ ) and up to 10 MW at the doubled freguency in the 
ultraviolet (34725\). The transmitter has a Pockel's cell Q-switch to 
generate 20 ns pulses at a repetition rate of la/min. An 8-inch Newtonian 
telescope serves as the receiver. The entire unit is mounted on a mobile 
and steerable platform to permit field operation.' Details of the LIDAR 
will be presented along with a discussion of its application to obtain 
information on atmospheric constituents from measurements of the Rayleigh. 
Me and Raman backscattered return. Sample scattering measurements 
for a variety of atmospheric conditons will be presented. 

LABORATORY MEASUREMENTS OF LIGHT SCATTERING BY 
AEROSOLS 

R.C. Quiney and A .!. Carswell 

As part of a continuing programme of investigation of the optical 
properties of the atmosphere, we are presently investigating the scat­
tering properties of aerosols. Using the Stokes vector formulation we 
have measured the four principal components of the scattering matrix 
under controlled laboratory conditions, both for atmospheric air as a 
function of relative humidity and for laboratory generated water droplet 
clouds. A 50 mW He-Ne laser is used as the light source and a sensitive 
automated polar nephelometer, which has been developed for these 
measurements, records the scattering matrix as a function of scattering 
angle. Data reduction is accomplished rapid ly using the IBM 360/50, 
the final results being drawn witb an automatic plotter. Measurements 
under controlled conditions Cor a series of parameters will be presented. 

ON THE INTERRELATIONSHIP BETWEEN NET RADIATION, SOIL 
MOISTURE AND EVAPORATION 

B. Padmanabhamurty 

Diurnal and seasonal variations of evaporation and net radiation along 
with the space and time variations of soil moisture over bare soil at 
Waltair will be presented and discussed. Variations of evaporation in 
relation to soil moisture and net radiation have been examined under 
diverse meteorological conditions obtained at Waltair. The results 
suggest that the fraction of net incoming energy utilised for evaporation 
is linearly proportional to soil moisture at one foot depth. 



EVALUATING AND MAPPING SURFACE VARIATIONS IN GLOBAL 
RADIATION 

B. J. Garnier 

Although micrometeorology has taken considerable heed of the variation 
of radiation with slope and aspect, little attention has been given to the 
problem of portraying the actual spatial distributions which occur in a 
give n region under different weather conditions. A method to evaluate 
BlJch variations has been developed and perfected over the past three 
years (Garnier and Ohmura). 

The basic data required consist of observations of global and diffuse 
radiation at a site representative of the area to be mapped. Calculation 
of surface variations from these data is effected by reference to earth/sun 
relationships and the surface geometry, which can be analysed from a 
standard toposraphic map. Tests of the system in tropical latitudes (at 
Barbados, 13 N) and in middle latitude s (at Mont 5t.HiLaire, Quebec , 
4SoN) show it to be accurate to within ± 5%. Results from Barbados 
emphasize three features: (a) the range of topographic variation from one 
month to another is much greater than the observations taken on a hor­
izontal surface might lead one to sus pect; (b) many .slopes receive their 
maximum radiation during low-sun periods of the day, east slopes in 
particular being rapidly warmed during the first hour or two after sun­
rise in the clear air before clouds develop; (c) surface variations are 
negligible during the four hours centred on noon. At Mont St. Hilaire, 
daily totals of the topographic variations hav e been found to be greatest 
in the six-week period centred on the equinox; at other times the surface 
variations in daily totals are minimised, despite different short-period 
intensities, becauae of (a) small radiation values in winter. and (b) long 
summer days whereby the lower intensities on northern slopes as com­
pared with southern slopes are compensated for by the duration of 
daylight. In general. days of low atmospheric transmissivity (P S O.45) 
in both test areas display an insignificant amount of surface variation 
owing to the high component of diffuse sky radiation in the global totals. 
Results in general encourage the hope that a rational climatology of 
radiation on slopes in relation to characteristic weather conditions can 
be developed. 

A METHOD AND EXAMPLE OF ESTIMA TING EFFECTIVE NET 
RADIATION FOR A MOUNTAINOUS WATERSHED 

D. Storr 

There are several methods of calculating the short-wave radiation 
received by the terrain in mountainous areas, but none for calculating 
net radiation. 

After a discussion with some examples of the variability of net 
radiation in a mountainous watershed, including the effects of topography 
and cloudiness, annual curves of measured net and short-wave radiation 
under clear skies at one point in the basin are shown. 

From these and Ferguson's cur ve for clear sky effective insolation 
for the basin, and from a consideration of the ratio between net and in­
coming short -wave radiation and its relationship to albedo, the annual 
curve of effective clear-sky net radiation fOT the basin is obtained. The 
variable ratio between basin effective clear-sky net radiation and mea­
sured point clear-sky net radiation is the numerical factor applied to 
measured data in order to obtain the basin average of effective net 
radiation for all weather conditions. 

Some conclusions are drawn about the repTesentativeness of the 
measuring site. while areas of need for further refinement are outlined. 



TOPOGRAPHIC VARIATION OF FOREST CANOPY TEMPERATURE 
AS MEASURED BY AN AIRBORNE RADIATION THERMOMETER 

R.B.B. Dickison and D.O. Greenbank 

A Barnes PRT-5 radiation thermometer was flown over a section of 
northwestern New Brunswick during the period 16-21 June 1970 in an 
attempt to determine the topographic variability of canopy-level tem­
perature. The purpose of the project was to develop a local climate map 
to overlay a forest cover map in order to identify areas most favourable 
for spruce budworm development. Recognition and mapping of such 
areas or epicentres would prove valuable in surveying and monitoring 
incipient outbreaks and reduce the extent and cost of applying insecticides. 

Six flights were carried out during the six-day period under cloud 
conditions varying from clear to overcast, and including one night-time 
flight under ideal conditions of radiative cooling. 

The greatest variations of temperature occurred at noon on a day 
of high values of solar radiation, but the influence of topographic slope 
and aspect produced temperature differences of onLy 1 - 2C between 
north-facing and south-facing slopes in areas of solid forest cover. 
Much greater temperature differences resulted from variations in forest 
cover. In some cut-over areas surface temperatures of SSC (l31F) or 
higher were measured, 2SC higher than average canopy-level temperatures 
in areas of solid forest cover. Elevation was unimportant during the mid­
day flight but was the dominating factor during the pre-dawn flight. 

ON THE VARIATION OF ANGLES OF INCIDENCE AND PHASE 
VE LOCI TIES OF ANOMA LOUS SOUND WA VES 

E.R. Reinelt 

Precise timing of the arrival of individual pulses of sound at arrays of 
detectors permits the calculation of angles of incidence and phase veloc­
ities of sound waves propagated anomalously over large distances. 
Measurements made some 200-400 km from large test explosions, set 
off at Suffield in the past ten years, show 10 to 15 per cent variations in the 
phase velocity of sound waves returned to the ground from the mesosphere. 
Some of the smaller fluctuations can be accounted for by low-level vari­
ations of wind and temperature, but the larger variations are due to the 
sonic fine-structure, e.g., subducts, in the lower mesosphere. 

Angles of descent deduced from the observed phase velocities range 
from 10 to 30 degrees at most recording sites, indicating that the pulses 
of sound energy have travelled along different ray paths. 

SESSION FI: Hail and Fog 

ALBERTA HAIL STUDIES IN THE FIELD AND AT McGILL 
UNIVERSITY 

Walter Hltschfeld 

In the late fifties, a cooperative program for studying the hail storms 
of Alberta was instituted by the Research Council of Alberta (which took 
the first initiatives and undertook to look after the logistics in the field), 
the Canadian Meteorological Service (which was to provide a variety of 
services, including forecasting, climatology and sondes). and the 
National Research Council (responsible for the radar and related instal­
lations). The Story Weather Group at McGill was asked to provide 
scientific advice, and initially to staff the project in the field. 

Many changes have taken place in the organization, especially in 
the division of the responsibilities of sponsors and participants. But 
the essential mission of the project has remained the elucidation of the 



structure and dynamics or the hail storm , the mechanism of formation 
of hail stones within the storm. and the specification of a method of 
suppressing hail . or ol at least reducing the damage. In line with these 
goals, such techniques as detecting the hail by radar, measurin g the 
freezing characteristics of the precipitation, modelling the storms nu." 
mericaUy. forecasting the incidence of hail, and many others were 
undertaken . An extensive field program was built up. which at the same 
time prompted the development of such techniques, allowed their ver­
ification and led to their refinement. A n important success is the high 
precision with which many observing techniques can be focussed on a 
single storm. 

Though many questions about the physics of the storm remain 
unresolved, a field experiment in seeding for suppression has been 
initiated in 1970, and is being continued in 1971. 

HAILSTORM FORECASTING FOR PROJECT HAILSTOP 
A.J. Chisholm 

Project" Hailstop" is a hail suppression experiment operated by the 
Alberta Hail Studies (ALHAS) Project under the joint sponsorship of 
the Resea r ch Council of Alberta, the Canadian Meteorological Service, 
the National Research Council and McGill University. Accurate hail­
storm forecasts are highly desirable for the successful operation of this 
project. The various hailstorm forecast requirements may be outlined 
as follows: 

(i) Occ urrence 
(ii) Location and timing 
(iii' Depth and i ntensity 
(iv) Maximum hailstone size 
(v) Storm type 
(vi) Direction of motion 
(vii) Updraft velocity and temperatures for cloud-seeding. 
The. basic problems of forecasting hailstorms in central Alberta 

are outlined and the fore c ast methodology used during the 1970 s ummc. r 
operation is reviewed including the operation of a computer convection 
model, A s ummary of the forecast results is given which yields an 
overall Hail-No Hail forecast accuracy of 86% and a skill score of 0.71. 
Based on operational experience from the 1970 season, problem areas 
are defined and suggestions for their solution outlined. 

PROJECT HAILSTOP 1970 
Peter W. Summers 

Since 1956 the Alberta Hail Studies Project has been collecting data on 
hailstorms in Alberta. Substantial progress has been made in deveLoping 
realistic models of hailstorm kinematics and the growth of the hailstones 
themselves within the storm. Whilst still far from complete. the under­
standing of hail' torms has now re~ched the point where worthwhile experi­
ments can begin. The eventual aim of these experiments is to develop 
c loud seeding techniques capable of interfering wi th the natural growth of 
hailstones in such a way that the amount and size of the hail reaching the 
ground causes less crop and property damage. The economic potential of 
such a s e eding system is self-evident, s ince damage to crops alone is 
estimated to average $2.0 to $30 million annually in Alberta. 

A see ding concept applicable to A lberta hailstorms was developed. 
The National Aeronautical Establishment in Ottawa supplied a T- 33 jet 
aircraft and the engineering required to convert it into an experimental 
seeding platform. Specilications for droppable pyrotechnic cloud s eeding 
flares were drawn up to include the unique feature ol IO-cm radar chaff 



which was released at the end of the burn and couLd then be used as a 
marker of targetting accuracy. The flares were manufactured by Olin 
Corporation. 

The seeding system was tested in Alberta during July 1970, and 
five cloud seeding experiments were carried out. The operational Logis­
tics of this seeding technique turned out to be quite straightforward. By 
means of radio communication between the project radar control room 
and the seeding aircraft, it was aLways possible to unambiguously identify 
and seed the selected target storm. 

Detailed case studies have been made of the seeded storms of 
11 July and 9 July 1970. The analysis includes the behaviour of the radar 
reflectivity in three dimensions, hail fallout patterns, visual appearance 
of the cloud recorded photographically from the ground and the aircraft, 
freeZing nuclei spectra and silver content of precipitation. These results 
will be presented along with some preliminary conclusions. 

THE LARGE MONTREA L HAILSTORM OF I AUGUST 1969 
Marianne English and Charles Warner 

Exceptional hail fell on Montreal on 1 August 1969. Largest dimensions 
up to 7.5 cm and masses up to 70 gm were measured. 

Radar and other data provided a simple picture of the storm cir­
culation. Feeding on its left front flank, the storm moved to the left of 
all wind directions above cloud base, reached 12 km altitude, and pro­
duced a hail swath about 40 km long and 6 km wide. 115 hailstones were 
collected, and for each a mean diameter and minor axis were measured. 
The axial ratios calculated from these measurements ranged from 0.24 
to 0.95, the mean being 0.6. Calculations based on a simple model 
consistent with the observations showed that spherical hailstones can 
grow to a mass of 35 gm in 18 min in a single up-and-down trajectory. 
With reasonable assumptions as to the effect of shape. aspherical hail­
stones can grow to 75 gm in the same time under the same conditions. 
The results of the calculations thus agree with the observations. and 
strengthen our confidence in the assumptions made both in the construc­
tion of the mode 1 and in the growth calculations. 

THE E;DMONTON HAILSTORM OF 4 AUGUST 1969 
L.N. Rogers and P. W. Summers 

On 4 August 1969 a severe hailstorm passed over Edmonton, Alberta 
causing several million dollars worth of property damage. The synoptic 
situation was a classical one for the development of severe persistent­
type storms in Alberta. As a result of a radio and TV appeal about 300 
residents of the city and the nearby countryside saved hail samples. 
When these samples were collected detailed information on the storm was 
solicited. Analysis of these data shows that, although a continuous hail 
swath was produced by the storm, many pockets of intense hail occurred. 
Over Edmonton two cells centred about 7 miles apart started to produce 
hail Simultaneously. There were Significant differences in the shape of 
the hail in these two cells. The total amount of hail that fell on Edmonton 
is estimated to have been about 1.1 million tons. 

The radar anaLysis shows evidence of a large echo-weak vault with 
strong rotation; also a tornado was reported at least three locations along 
the storm's path. 



SUMMARY OF THE 1970 FOG DISPERSAL PROGRAM AT 
VANCOUVER INTERNATIONAL AIRPORT 

Wm. C. Thompson 

During the three months October to December, 1970, six fog se e ding 
operations were conducted at Vancouver International Airport under a 
program financed by seven airlines. The objective of the program was 
to improve runway visibility by the a e rial seeding of warm Cogs with 
hygroscopic particles. 

An analysis of transmissometer traces, visual observations, the 
official weather observations and aircrew comments from a few of the 
ope rations indicate differences of opinion regarding the effectiveness of 
the program. Some reasons for these disparities are discussed. 

URBAN GROWTH EFFECTS ON LOW-TEMPERATURE FOG IN 
EDMONTON 

K.D. Hage 

Visibility observations at rural and urban airports in the Edmonton area 
during the severe winter of 1968-69 are compared with similar obser­
vations described in 1955 by G . W. Robertson for the winter of 1949-50. 
The new observations tend to confirm Robertson's finding that low­
temperature fog in Edmonton is que mainly to saturation of the air by 
water vapour produced in burning natural gas. Visibilities in such fog 
are strongly temperature-dependent. The urban population more than 
doubled between 1950 and 1969. and new large sources of water vapour 
were added to the city. The effects of both changes are apparent in the 
visibility data . Estimates of future low-temperature fog freq uencies 
together with the assumptions needed for such estimates are included 
for the city of Edmonton. 

SESSION F2: Hail and Cloud Physics 

MESOSCALE RAIN AND HAILFALL PATTERNS IN SEVERE 
CONVECTIVE STORMS 

P. W. Summers 

With the current telephone survey system. the Alberta Hail Studies 
Project is able to obtain hundreds of hail reports from farmers within 
two days of a storm. Most farmers have a simple type of rain gauge and 
during the last three years an effort has been made to solicit storm ­
point rainfall data also . For specifiC storms the reporting density is 
between 20 and 50 reports per 100 square miles. 

Using these data for about 15 well documented severe convective 
storms i"n the summers of 1968-1970 detailed haiLfall and rainfall patterns 
are plotted. While the hail and rain swaths are continuous. there is a 
great variation of intensity. The heaviest bail and rain falls in pockets 
which are typically 10 miles long and 2 to 5 miles wide. In many cases 
the heaviest ra infall is displaced a few miles downwind from the heaviest 
hailfall indicative of a size sorting mechanism due to the different faU 
velocities of hail and rain and/or the presence of vertical wind shear. 

The implications of these findings on the use of Climatological 
statistics in an area such as the Canadian Prairies where most of the 
summer precipitation comes from convective storms is discussed. 



RADAR MAXIMUM REFLECTIVITY PROFILES OF CELLS IN A 
PERSISTENT MULTI-CELLULAR ALBERTA HAILSTORM 

J . H. Renick 

Individual cells in a persistent multi - cellular hailstorm in central Alberta 
have been tracked by means of the Alberta Hail Studies IO-em radar. 
Vertical profiles of the maximum radar reflectivity within these individual 
cells for each successive three-minute scan sequence of the radar have 
been prepared for levera l cells in the storm complex. These "time­
height max Ze" profiles show the beginning and vertical development o f 
the radar echoes within the cells and, as such, are radar histories of the 
growth of precipitation and its eventual fallout to the ground. 

The structure and dynamics of a persistent multi-cellular storm 
will be illustrated and the significance of the profiles as related to pre­
c.ipitation growth models a nd hail growth trajectories will be discussed. 

AIR BUBB LES IN HAILSTONES 
Roland List . W.A. Murray and Carole L. Oyck 

One of the first things obviolls to any investigator of natural ha ilstones 
is their shell structure, i.e., the alternating layers of opaqtJ:e and more 
or less clear ice. The opacity is caused by the pJ'esence of air bubbles. 
however, their concentration and size distributions have never been 
measured. except for the bulk densities of shells (List, Cantin and 
Ferland, 1970) , 

A recent attempt to measure cumulative distributions of bubbles 
and total shell densities of hailstones from an Alberta sample was, sur­
priSingly, very successful. It was possible to show that size ve rsus 
cumulative OCcurrence (plotted with lognorma l probability) can always 
be approximated by straight lines, their slope essentially constant and 
not affected by concentration or opacity. The mean diameter of bubbles 
of opaque layers turned out to be rather smaller than that of clear shells. 
Correlations with density or crystallographic features definitely s how 
the different bubble history . Opaque shells seem to consist of " primary" 
or original bubbles whereas in clear ice those initial bubbles might have 
had time enough to diffuse and coalesce with others in order to (orm 
larger entities. 

In summary. it is obvious that air bubble size distributions and 
concentrations may represent the needed final clue to unravel the life 
history of hailstones whjch is imprinted in their structure. 

THE DETECTION OF SILVER IODIDE PARTICLES IN HAIL 
L. N. Rogers 

A technique for the detection of silver iodide particles in situ is described. 
A thin section of a hailstone is evaporated on a Millipore filter in such a 
manner that the particles present in the section maintain their original 
positions relative to one another. The filter is then treated with a super­
saturated solution of silver iodide. Any silver iodide particles originally 
present in the section act as seed c r ystals for the solution and grow­
suffiCiently large to be easily observed. A study of the positions of the 
silver iodide particles in conjunction with the structure of the stone can 
provide iniormation'as to whether the particles were effective as nu· 
cleating agents or whether they were collected by accretion without baving 
a nucleating effect. 

Data from a number of hailstones will be presented . 



FREEZING OF WATER DROPS AT TERMINAL VELOCITY 
W.A. Murray and R. List 

An investigation was made of the ice structures and heat exchanges of 
water drops frozen while they were suspended at terminal velocity in a 
vertical wind tunnel. The diameter range for the drops was 3 to 8 rom. 
Air temperatures varied from -1 to -18.5C. Asymmi!;try of the freezing 
is evident from thin sections made from partially frozen drops. Despite 
the asymmetry, the observed freezing times agree reasonably well with 
the estimates from a symm e tric freezing model. A microcalorimeter 
was used to determine the amount of ice in frozen drops at different 
stages of freezing . The mass of ice increased linearly with time . Air 
b ubble and crystal sizes. and crys tal ori t nlations were determine d from 
replicas and microphotographs of ve rti cal main sections of the frozen 
drops. Air b ubble sizes were correctc.o d for spatial effects, that is, the 
-effects of sampling from a plane rather than a volume. The volume of 
air in the frozen drops is up to 700/0 lower than the amount estimated to 
have been dissolved in the water originally. Both the air bubble and 
crystal sizes decrease with the increase in rate of freezing at lower air 
temperatures. Purity of the water affects the cry.s tai si ze; crystals are 
smaller in drops of impure water. Histograms of c l axi l orientation 
show a preferred orientation with the axis perpendicular to the radial 
directi on. This relationship weakens as the temperature decreases. 

ELECTRIFICATION ASSOCIATED WITH SPLASHING OF 
SUPERCOOLED DROPLETS ON ICE 

H . G. Hengeveld, P.Y.T. Louie andJ.V. lribarne 

The charge separation occurring during the splash of supercooled drop­
lets on rotating ice spheres was investigated. Droplets of 360 and 500 
microns were used with varying impact velocities (1 to ~ m / sec) and 
temperatures (ice at -2 to -15C): pure water and solutions were tested. 
The splashes impart a positive charge (in the order of 10-5 e. s.u.) to 
the ice, except for the larger droplets a n d lower temperatures , whc.o n 
the sign is reversed. Flas h photography shows the developme nt o r a 
crown and droplet e jectio n during the splash . The results are compared 
with previous measurem e.n ts with larger drops at OC, and the possible 
charge separation mechanisms are discussed. 

INFLUENCE OF INITIAL CHARGES AND EXTERNAL FIELDS ON 
SPLASHING ELECTRIFICATION 

J.B. MaxwellandJ.V. Iribarne 

The separation during the splash of large drops on rotating spheres was 
studied. The impact velocity, the initial charge of the spheres and of 
the drops, and the intensity of an applied vertical field could be varied. 
The charges were measured by induction. Saturation curves were 
obtained for room temperature and for a cold room using ice-coated 
spheres and drops at DC. The saturation charges a 're independent of the 
impact velocity but vary with the nature of the surface, the liquid com­
pos i tion and the field strength. The results are in terpreted in terms of 
a superposition of electrical double layer shearing and induction effects. 

, . , 



SESSION F3: General Meteorology 

AN APPROACH TO THE MAPPING OF GRADIENT-LEVEL WINDS 
OVER CANADA 

A. G. Davenport and C. Bayne s 

This work was initiated to try to establish the pattern oC gradient-level 
winds over Canada. This information is relevant to many problems in­
cluding the wind Loading of structures, air pollution and other environ­
mental problems . The advantage of gradient -level winds is their 
independence of local terrain influences. 

The data from which the preliminary maps were prepared were 
recorded by twice-daily radiosonde ascents at a network of ten Canadian 
upper air stations. Almost continuous reco rds are available for the 
decade 1960-1969, and these were used in conjunction with the U.S. 
Weather Bureau's I1Winds Aloft Summarie s ll for selected points in the 
northern United States. Existing maps of "Upper Winds over Canada" 
have also proved useful in establishing the overall pattern. 

Data analysis and subseque nt mapping initially centred on certain 
statistical properties of winds at the 300 - and 500- metre levels, corre­
sponding to the approximate gradient heights over very flat terrain and 
built-up city centres, respectively. These statistical properties include 
the mean, vector mean and vector standard deviation . 

The obvious relevance of extreme wind conditions in building design 
prompte d investigation of maximum gradient winds using Weibull and 
"probability of exceedance" models. Some preliminary maps have been 
prepared for extreme wind occurrences and the parameters of the asso­
ciated extreme -value distributions. 

ON THE SATURATION VAPOUR PRESSURE OF WATER 
J.M. Richards 

In theoretical and numerical work on convective processes t as in other 
fields. one often desires a simple. yet ac:curate. expression for the 
relation between the saturation vapour pressure of water and the temper­
ature. 

The paper introduces a neat approximation to represent this pres­
sure between -50 and 140C. Over this range the accuracy of the 
approximation is about 0.1 percent, and over the range between 0 and 
lOOe the accuracy is about 0.02 percent. 

THE ECONOMIC EVALUATION OF METEOROLOGICAL INFORMATION 
FOR SNOW-CLEARING IN MONTREAL 

A. Dasgupta., M. Inagaki and R. Robinson 

This paper outlines an attempt to measure the economic benefits resulting 
from the use of meteorological information in the snow removal activity 
in Montreal. 

Among cities of comparable size, Montreal suffers {rom one of the 
highest levels of Winter snow faU in the world. much of which occurs 
during snow storms with a paralysing effect on ground transportation. 

To aid in the ef{iciency of snow clearing and snow removal oper­
ations, the Dorval Weather Office has for the past several years provided 
a special forecast service to the City Roads Department. 

The service includes written messages, transmitted four times 
daily. indicat ing detailed forecasts of impo rtant meteorological variables . 
These are supplemented when required, by direct telephone consultation. 

The benefits accruing from the use of the forecast service consist 



primarily of taster snow clearing, leading to improved road conditions, 
and hence to reductions in the accident rate and in travel-time. 

The paper consists of three parts describing: 
(1) the development of a mathematical model relating the use of 

the meteorological service to the r es ulting benefits, 
(2) the application of the model to estimate the quantity of benefits 

of various types, on the basis of detailed time-series data 
relating to storm occurrences, taken in conjunction with data 
on observed accident rates, absenteeism and Late arrivals, and 

(3) the conversion of benefits into monetary terms by the use of 
appropriate techniques of cost-benelit analysis. 

AN OPERATIONAL METHOD OF TOTAL INSTABILITY ANALYSIS 
AND FORECASTING 

W.S. Harley 

A method of determining and combining into a single instability index, 
the Potential .and Latent Instabilities for the 700-850 mb and for the 
500-700 mb layers, based on equivalent potential temperatures , is 
outlined. The relation between the instability index patterns for each 
layer and thunderstorm occurrence is demonstrated. A method oC 
dete rmining the region of greatest increase in instability is also 
demonstrated. 

THE PASSAGE OF A LAKE-BREEZE FRONT: A COMPARISON 
BETWEEN THE CITY AND THE SUBURBS 

M.S. Hirt and R . W. Shaw 

The penetration and retreat of a lake-breeze front in the urban, lake­
shore environment of Toronto was observed by means of two instrumented 
towers, one in the downtown business section and the other in the suburbs. 
The effects of the additional city heating upon the front were most evident. 
In the city. there was a greater contrast between the inla nd air and the 
lake air, with the result that the advancing front was steeper and more 
sharply defined in the cit y than in the suburbs. Overland heating during 
the day modified the air 80 that in the suburbs, the front was steeper 
when it was retreating than when it was advancing. Over the city, the 
lake air was even more extensively modified by the additional man-made 
heat sources, with the "esult that the lake -breeze front was hardly 
detectable by the time it retreated. 

HORIZONTAL TEMPERATURE FIELD - GREATER VANCOUVER, B . C. 
J .H. Emslie 

Conventionally. a single official temperature reference is provided at 
most Canadian cities, and in many cases this temperature is taken at 
an airport Located in the outskirts. Is this temperature rep r esentative 
of the city as a whole, and if not, what range of values might be expected 
across a city? Further, what local influences produce this temperature 
range ? 

In view of the current Public Forecast experiment , providing ranges 
of maximum and minimum forecast temperatures instead oC spot values, 
some appreciation of the factors affecting the temperature field across a 
city is essential if the forecaster is to issue realistic figures. 

At Vancouver, British Columbia, the official temperature is taken 
at Vancouver International Airport. located approximately six miles 
south-southwest oC the city centre. Additionally. maximum and minimum 
temperatures have been recorded at twenty-four Climatological Stations 
in the Greater Vancouver area, during various periods. since 1951. 



This study analyses published climatological mean daily maximum 
and minimum temperatures at these stations. expressed as seasonal 
departures from the temperature reference point. Vancouver International 
Airport. and illustrates the effects of elevation. urban heat island, sea 
breeze and nocturnal drainage. and points out locations where additional 
climatological stations should be established to complete the urban 
temperature-range picture. 

AN INTERESTING ARCTIC STORM 
H.P . Wilson 

On 15 September 1970 a storm with two major centres developed over 
the Beaufort Sea and moved to Cambridge Bay in three days . The first 
low was a baroclinic wave. The second deepened because of diabatic 
heating but partly also as a result of its amalgamation with two smaller 
centres. It caused some loss of life and produced serious erosion to 
the peninsula on which Tuk Tuk is located. 

Ah~tr~(""t~ I 41:) 
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AGENDA 

The President in the Chair 
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2. Reports of the Executive Committee 
(a) Annual Report of C.M.S. 
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(e) Prize Committee Report 
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4. Budget for period I January 1972 to 31 December 1972 

5. Membership Fees 

6 . Sustaining Membership in SCITEC 

7. 1972 and 1973 Congresses 

8. Other Business 

9. Installation of Officers 
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CANADIAN METEOROLOGICAL SOCIETY 

DRAFT MINUTES 

CANADIAN METEOROLOGICAL SOCIETY 

Minutes of the Fourth Annual General Meeting of the Canadian Mp.teorological 
Society held at the University of Manitoba, Winnipeg, Manitoba, W~dnesday, 
June 17, 1970 at 8:00 p.m. 

1. Minutes General Meetin of the Canadian Meteorolo ical 
, at t e University 0 or onto, oronto, Ontari~. 

Mr. Crowley moved that the minutes of the 3rd Annual General 
Meeting be approved. Seconded by Dr. Mp.rilees. Carried. 

2. Reports of the Executive Committee 

(a) Annual Report of the Society 

After Mr. J. D. Holland presented the Annual Report and answered 
questions clarifying minor points: 

It was moved by Mr. S.J. Buckler, seconded by Mr. J. Lauder 
that the Society contribute the sum of fifty dollars, in addition to 
our prize, to the 1971 Science Fair. After discussion indicating 
a need for better guidance to our judges in the future, the motion 
was carried. 

(b) Treasurer's Report 

Mr. D. N. McMullen moved that the Report as published be approved. 
Seconded by Dr. J. Maybank. Carried. 

(c) Nominating Committee Report 

Professor A. Brewer, Chairman of the Nominating Committee, 
moved that the following be considered for office during 1970-71: 

Executive 

President 
Vice President 
Treasurer 
Corresponding Secretary 
Recording Secretary 
Editor 

Councillors at Large 

Auditor 

Mr. J.L. Knox 
Dr. K.D. Hage 
Dr. C. East 

Mr. R. D. Easto 

Mr. D. N. McMullen 
Mr. C. M. Penner 
Mr. M.S. Webb 
Mr. G.A. McPherson 
Mr. G. L. Pincock 
Mr. E. J. Truhlar 

The President advised that no additional nominations had been received 
from members at large and declared the above nominees elected. 
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Editor's Report 

Mr. M. K. Thomas presented the Report. The arrangement for 
reprints was explained to Dr. Maybank. In discussion it was agreed 
that the present arrangements for special Congress Issues of 
Atmosphere would continue. 

Prize Committee Report 

Mr. G. A. McKa.y, Chairman of the Awards Committee, reported 
that the following awards were recommended and had been approved 
by Council. 

(i) President's Prize 

Professor G. T. Csanady, University of Waterloo, for his paper 
"Diffusion in an Ekman Layer", J.Atm. Sc., 26, 414-426, 1969, 
and which was presented at the 2nd Annual Congress of the 
Canadian Meteorological Society. 

(ii) Prize in Applied Meteorology 

M. K. Thomas, Meteorological Branch, Toronto, in view of his 
extensive contributions which include work relating to people and 
construction, the preparation of national and international atlases, 
and continued enthusiastic promotion of all aspects of applied 
meteorology, which culminated in 1969 when the Society, of 
which he is president, held the first Canadian Congress on 
Applied Meteorology. 

(iii) Graduate Student Prize 

T. Warn, graduate student in Meteorology, McGill University, 
for his M. Sc. Thesis "Initialization Problems of a Primitive 
Equations Model of the Atmosphere" which is considered to 
warrant special merit. The thesis was rated excellent and 
very good by the two examiners. 

(iv) Dr. A. Thomson Undergraduate Student Prize 

T. Agnew, undergraduate student in mathematics and physics, 
University of Toronto, for his report "Terrain induced vertical 
velocities obtained using a direct method of stream - function 
computation" which was published as a Meteorological Branch 
Technical Mp.morandum, TEC-72l, September 15, 1969, and 
who has collaborated on a "Note on the Computation of terrain 
and frictionally induced vertical velocities" which has been 
submitted to the Journal of Applied Meteorology. 

The Graduate Student Prize was presented to Mr. Warn by the President, 
Mr. M. K. Thom«s. The Applied Meteorology Prize was presented to 
Mr. Thomas by the Vice-President, Mr. D. N. McMullen. The other two 
Prizes will be mailed to the recipients who were not present at the Annual 
Meeting. 
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Reports from Local Centres 

Reports from the following Local Centres were presented: 

British Columhia Centre 
Alberta Centre 
Regina Centre 
WInnipeg Centre 
Toronto Centre 
Ottawa Centre 
Montreal Centre 
Quebec Centre 
Halifax Centre 

Mr. K.F. Harry 
Dr. K. D. Hage 
Mr. S.J. Buckler 
Mr. P. Kowal 
Mr. G. L. Pincock 
Mr. L. MacHattie 
Dr. P. M .. rilees 
01'. G. Villeneuve 
Mr. J. D. Holland 

4. Budget for Period 1st January, 1971 to 31st December, 1971 

The Budget was reviewed by Mr. D. N. McMullen. The President 
requested that motions concerning the budget be deferred until 
later in the meeting. 

5. Amendments to the By-Laws 

Prof. A. Brewer moved amendments to the By-Laws as follows: 

BY-LAW 2 - Membership 

( i) Delete present By-Law 2 (c) and substitute therefor: 

"c) Corporate membership is open to consulting meteorologists. " 

(ii) Add new By-Law 2 (d) : 

"d) Sustaining membership is open to institutions, companies, 
firms and organizations. " 

BY-LAW 14 - Society's Awards 

(i) Amend By-Law 14 (d) by adding the following: 

" •••••• The Corresponding Secretary will pass this information, 
together with a list of papers and authors from national Canadian 
Meteorological Society or Canadian Meteorological Society 
sponsored meetings during the year, to the Awards Committee 
for their consider ation". 

(ii) Add New Clause 14 (e): 

"(e) Nominations for the Society's Awards from members and 
Centres will be called for by the Corresponding Secretary in 
an appropriate issue of ATMOSPHERE each year, with March 1 
as the deadline for receipt of nominations. Nominations 
received by this date will be forwarded to the Awards Committee 
for their consideration". 

Seconded by Mr. G. A. McKay. The motion was carried after minor 
discussion to clarify the purpose of the proposed amendments. 
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Future of the Society 

(a) The President reminded the meeting that the complete CMS 
D·"velopment Committee Report had been distributed to Centres. 
The two proposals of the Executive for action have also been 
distributed and are printed in the Congress Issue of Atmosphere. 

(b) Mr. McMullen explained the recomm.'ndations of the Executive 
with respect to Standing Comlni ttee s and asked for comlntmts 
from the mt\eting. 

( c) 

D':scussion followed wi th respect to the proposed termR of 
reference of Standing Committees with the indication that they 
were possibly too restrictive. It wa s agreed that the termB of 
reference must be definite, that the comtnittees must be active 
and that each committee must know the funds it would have 
available. 

It was m<>ved by Mr. McMullen that the Executive Committee be 
encouraged to appoint Standing Committees on 

1. Scientific and Professional Matters, 

2. Public Information. 

and others, from timt\ to tim.." as m a y be expedient for the effec­
tive operation of the Society. Seconded by Prof. Gregory. Carried. 

It was requested by Mr. Harry that the meml.ership of the Standing 
Committees be as broad geographically, as possible. All m.,mhers 
should not be from Toronto. 

The President then reported on the proposals for "Atmosphere" as 
included in the Congress Issue and presented samples of the pro­
posed format. 

Considerable discussion followed with Mr.:t .D. McTaggart-Cowan 
pointing out that while the proposal to improve "Atmosphere" with 
respect to appearance and format was important, there must also 
be an attempt to improve the contents. It was generally agreed that 
the original proposals for "Atm(.sphere" which were established when 
the Society was formed, should be followed. 

It was then m<>ved by Prof. Brewer, that the fee for memhers for 
1971 be increased to $14.00 and that the additional funds realized 
be used to improve "Atmosphere". Seconded by Prof. Boville. 
Carried. 

7. SCITEC 

The President reported briefly on the formation and activities to date of 
SCITEC and advised the meeting of the request that a founding grant be 
provided during 1970 of perhaps one hundred dollars ($100.00). 
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D:c. p. D. M"Taggart-Cowan provided clarification of the purposes of 
SCiTEC and indicated that it would need the support of the Learned 
Societies. 

It was then moved by D:.'. P.D. McTaggart-Cowan that the C,M.S. 
affiliate with SCtTEC and make a founding grant of $100. 00 during 
1970. Seconded by D:c. P. Summers. Carried. 

8. 1971 and 1972 Con~':.~ 

(a) 

(b) 

Mr. H::>lland advised the meeting that the 1971 Congress would be 
held at MacDonald College, the week of M a y 10th in conjunction 
with the Second Canadian Conference on Micrometeoro10gy. The 
latter will meet on May 10, 11 and 12; the C, M. S. Congress on 
May 12, 13 and 14. The Montreal Centre will host these mt'etings. 
Dr. R.H. D ·.:>uglas will be Arrangem~nts Chairman. A Program 
Chairman for the C. M. S. Congress will be appointed in the fall. 

Mr. H::>lland also advised that an invitation had been received from 
the University of Alberta to hold the 1972 Congress there, in 
conjunction with the 1972 meetings of the Learned Societies. Dr. H~ge 
indicated the willingness of the Alberta Centre to host the Congress 
if Edmonton was selected as the location for it. 

It was lnoved by Dr. McTaggart-Cowan, seconded by Dr. Sumtnt,rs 
that the invitation from the University of Alberta be accepted. 
Carried. 

9. O·~her Business 

(a) D,'. Brewer moved that the fees for 1971 for all Student M"mhers 
be $2.00, for Corporate M"mbers be $40.00. Seconded by 
Mr. McH;lttie. Carried. 

(b) Mr. K.F. Harry requested that consideration be given in future 
planning to an associate grade of membership at a somewhat low'"r 
fee than regular members. 

(c) M,·. S. V. A. Gordon moved a vote of thanks to outgoing mt,mbers of 
the Executive, Prof. A, Brewer, M,·. J.D. Holland and Mr. L, 
Shenfeld. Seconded by Mr. McMullen. Carried. 

10. Installation of Officers 

Mr. Thomas welcom .. d the incoming Council and turned the meeting over 
to the incoming President, Mr. McMullen. 

11. A ij~~~ent 

The mt,eting was adjourned at 11: 10 p. m. 
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REVISED 

CANA1)IAN METEOROLOGICAL SOCIETY 

PROPOSED BUDGET FOR 1971. 

R .ECEIPTS 

Canadian Meteorological Service Grant 

Fees - general memberships 400 at $14. 00 

- corpor ate member shi ps 1 at $40. 00 

- student memher ships 100 at $ 2.00 

Subscriptions 200 at $ 9.00 

Total Receipts 

EKPENDITURES 

Atmosphere - billing 
- distribution 

- printing 

Annual Congress - typing 
- mailing 

- printing 

Awards and Prizes 

Auditor Honorarium 

Grants to Centres 

Operating Costs of Executive 

- bank charges 

- postage 

- stationery 

- printing 

- clerical 

Total Expenditures 

BUDGETED DEFICIT 

$1,500.00 
700.00 

5,200.00 

$ 40.00 
60.00 

600.00 

$ 40.00 

300.00 

100.00 

100.00 

100.00 

500.00 

5,600.00 

40.00 

200.00 

_1, 800. OE... 

7,400.00 

700.00 
150.00 

30.00 

300.00 

640.00 

$ 8,140.00 

9,220.00 

1,080.00 



ANNUAL REPORT 

CANADIAN METEOROLOGICAL SOCIETY 

MEMBERSHIP 

Between 40 and 50 new members have been accepted into the Society in 
the past year and our membership list stands at well over 600 at present. 
However, at the time of writing of this report it is not possible to say 
just how the membership will be affected by the increase in fees or the 
promotional campaign which will accompany the change in format of our 
journal, ATMOSPHERE. We will probably have to wait until late in May 
or June before an assessment can be made. The University of Toronto 
Press, which has some experience in such matters, feels that fees are 
being received at a normal rate and that there is no indication of a prob­
lem at present. 

In addition to the promotional campaign which is to be conducted 
by the University of Toronto Press, the Membership Committee will also 
be mounting a drive through the Local Centres to boost membership. 

FOURTH ANNUAL CONGRESS 

The Fourth Annual Congress of the Society was held at the 
University of Manitoba, June 17-19, 1970. Over the three-day period 7 
scientific sessions were held and a total of 43 papers presented. The 
first two sessions dealt with "Education in Meteorology" followed by 
single sessions on "Winds". "Precipitation". "Climatology and Physical 
Meteorology" , "Electrification and Cloud Microphysics" • and IIFore­
casting and Synoptic Meteorology". The program was cons ide red an 
excellent one by those who attended and much credit is due to Dr. J. 
Maybank and his program committee. 

In addition to the scientific sessions there were many other fea­
tures of the conference arranged for the convenience and entertainment 
of those who were in attendance. The executive of the Society would like 
to thank Mr .. Eric Dexter and his local arrangements committee for the 
many hours of work that went into the program. 

FOURTH ANNUAL GENERAL MEETING 

The Fourth Annual Meeting of the Society was held on the evening 
of June 17th at the University of Manitoba. Following the reports from 
the executive the report of the Nominating Committee was presented. 
The following were declared elected as officers of the Society for 1970-71. 

EXECUTIVE 

President 
Past President 
Vice -President 
Treasurer 
Corresponding Secretary 
Recording Secretary 
Editor 

COUNCILLORS AT LARGE 

Mr. J. L. Knox 
Dr. K.D. Hage 
Dr. C. East 

Mr . D.N. McMullen 
Mr. M.K. Thomas 
Mr. C . M. Penner 
Mr. M.S. Webb 
Mr. G . A. McPherson 
Mr. G. L. Pincock 
Mr . E . J . Truhlar 
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AUDITOR 

Mr . R.D. Easto 

The Prize Committee report recommended the following for the 
1969 "awards: 

President's Prize: 
Prize in Applied Meteorology: 
Graduate Student Prize: 
Dr. A. Thomson Undergraduate Student Prize: 

Professor G. T. Csanady 
Mr. M.K. Thoma& 
Mr. T . Warn 
Mr. T. Agnew 

The following motions among others received approval at the 
meeting: 

- that the Executive Committee be encouraged to appoint Standing 
Committees on (1) Scientific and Professional Matters, and (2) 
Public Information 

- that fees for members for 1971 be increased to $14.00 and that 
these additiona 1 funds be used to improve ATMOSPHERE 

- that the Society affiliate with SCITEC and make a founding grant 
of $100 during 1970. 

The meeting was adjourned following installation of the new 
executive. 

ANNUAL DINNER 

The Annual Dinner of the Society was quite a novel affair, having 
been on board a paddle wheel boat while cruising down the Red River. 
Dr . P.O. McTaggart-Cowan was the special speaker on this occasion and 
his address, dealing with the Arrow oil spill incident, was extremely 
interesting and informative. 

Another highlight of the evening was the presentation of the 
Patterson Distinguished Service Medal to Dr . G.O. Villeneuve by J.R.H. 
Noble. Administrator of the Canadian Meteorological Service. 

OTHER ACTIVITIES 

During the past year the Executive Committee has carried out the 
wishes expressed by the members of the Society at the Fourth Annual 
Meeting by arranging for the University of Toronto Press to publish 
ATMOSPHERE and handle our mailing and fee colLecting chores. Details 
of these arrangements will be presented in the report from the Editor of 
ATMOSPHERE. 

Standing Committees on Scientific and Professional Matters and 
on Public Information were established by the Executive thie past year 
and. although their activities were somewhat limited, it appears certain 
that they will serve a very useful purpose and it is expected that their 
involvement in Society matters will grow rapidly over the next year or 
two. The Society has provided a founding grant of $100 to SCITEC and a 
representative from our Society attended and reported on the First Core 
Conference held in Halifax in August 1970. It is expected that our Society 
will become involved in reacting to the Lamontagne Report along with 
other professional 50cieties and scientific organizations as a result of 
our association with SCITEC. The question of paying a sustaining mem* 
bership fee to SCITEC will have to be considered at this year's annual 
meeting. 



The Society has continued its support of the Youth Science Founda­
tion by contributing $50 to the Canada-Wide Science Fair and by sponsor­
ing an award for a meteorological exhibit of merit on the occasion of the 
lOth Fair to be held at the University of Alberta in May, 1971. 

The Society assisted in arranging for a national speaking tour 
sponsored by the Canadian Meteorological Service. Professor F.K. Hare 
toured western Canada in February speaking to Society meetings on 
"Climate and Ecology in the Canadian North". The tour, which has been 
very well received, will continue in eastern Canada during April. 

REPORT OF NOMINATING COMMITTEE 

The following have been nominated for the Canadian Meteorological 
Society Council for 1971-72, and all have agreed to serve, if elected: 

President: Mr. C.M. Penner 
Mr. G.A. McKay 
Mr. M.S. Webb 

Vice-President: 
Treasurer: 
Corre sponding Secretary: Mr. G.A. McPherson 

Mr. A . H. Campbell 
Mr. E.J. Truhlar 
Mr. J. L. Knox 

Recording Secretary: 
Editor: 
Councillors -at-Large: 

Auditor: 

Dr. C. East 
Mr. S. V.A. Gordon 
Mr. R.D. Easto 

T. L. Wiacek, Chairman. 

PRIZE COMMITTEE REPORT 

The Awards Committee, after due deliberation, wishes to recommend the 
following candidates for awards of the Society for the year 1970: 

Dr. R.E. Munn, Canadian Meteorological Service, Toronto -
The President's Prize for his important work and contribu­
tions to micrometeorological and environmental problems and 
particularly his book "Biometeorological Methods" . 

N. Yacowar, Canadian Meteorological Service, Montreal -
The Prize in Applied Meteorology, for his work on developing 
the objective temperature forecast procedures now in oper­
ational use in the Canadian Meteorological Service. 

N.A. McFarlane, McGill University -
The Graduate Student Prize, for the valuable work on atmo­
spheric stability incorporated in his M . Sc. thesis "An 
Eigensystem Study of the Stability of Atmospheric Zonal 
Flows". 

J .A. Fitzgerald, University of New Brunswick -
The Dr. Andrew Thomson Undergraduate Student Prize, for 
his work on evaluating forecast accuracy incorporated in his 
papers "Errors in Temperature Forecasts for the Atlantic 
Provinces" and "Evaluation of CAD Baroclinic QPF for the 
Atlantic Province a". 

J. Clodman, Chairman. 



RECEIPTS 

CANADIAN METEOROLOGICAL SOCIETY 
STATEMENT OF RECEIPTS AND EXPENDITURES 

FOR THE YEAR ENDED DECEMBER 31, 1970 

$ 112.65 
3,833.13 

1969 Fee. 
1910 II 

1971 .1 60 .00 $4,005.78 

OTHER INCOME 

Bank Interest 
Dividends - Bell Telephone 
Refund irom 1970 Congress 
Grant .. Meteorological Branch 

TOTAL RECEIPTS: 

EXPENDITURES 

selTEe - grant 
SCITEC .. attendance costs 
Centres .. expenses 
Prizes 
A udit expense 
Stationery and Printing 
Congress Expenses 
Bank Charges 
Postage 
ATMOSPHERE - printing and mailing 

TOTAL EXPENDITURES: 

Bank Balance - January t. 1910 
Plus receipts 1970 
Less expenditures 1970 

Balance .. Bank of Montreal .. December 3 1, 1970 
Canadian Imperial 
Bank of Commerce .. December 31, 1970 
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51. 34 
30.00 

447.35 
1,000.00 

100 .00 
109.90 
165.00 
100.22 
30.00 

456.77 
538.01 

31. 37 
94 . 95 

3,200.00 

1,528.69 

$5,534.47 

$4,826.22 

$1,859.44 
5,534.47 
4,826.22 

$2,567.69 

867.44 

1,700.25 
$2,567.69 



Bank 

Bonds 

CANADIAN METEOROLOGICA L SOCIETY 
BALANCE SHEET AS AT DECEMBER 31, 1970 

ASSETS 

- Balance, December 1970 $2,567.69 

- 1969 Canada Savings Bonds 
(I Nov 1978 - average 8%1 Cal 950 . 00 

BeLL Telephone - market value December 31/70 
$44 . 00 x 12 shares 5Z8.00 $4,045.69 

LIA BI LITIES 

Surplus - December 31, 1969 $3,337.44 

Surplus for year 1970 708.Z5 $4,045.69 

Note (a) - interest rate on honds 
first year 7 % 
second and third years 8 % 
fourth to the ninth 
years inclusive 8 1/4% 

AUDITOR'S REPORT 

I have examined the records of the Canadian Meteorological 
Society and am satisfied that the Treasurer's Report presents a proper 
statement of the financial position as at December 31, 1970. 

R.D. Easto, 
Auditor. 

CANADIAN METEOROLOGICAL SOCIETY 
STATEMENT OF ACCOUNTS FOR "ATMOSPHERE" 

YEAR ENDED 31ST DECEMBER, 1970 

INCOME 

Subscriptions" Back issue. 
Reprints 
eMS Subsidy 
Advertising Revenue 
Bank adjusting credit 
Refund of Sales Tax 

Current Account 
1 January. 1970 

$ 141.66 
60.50 

3Z00.00 
60.00 
0.08 

665.04 
$4IZ7.28 

139.09 
$4Z66.37 

EXPENDITURE 

Atmosphe re Printing 
Oiatribution coste 
Typing services 
Reprint charges 
Misc. postage 
Misc. printing & 
office supplies 
Subscription transfer 
to CMS 
Bank Service Charge 

Current Account 
31 Decembe r 1970 

$3Z58.30 
50Z.00 
143.Z5 
147.00 

5Z . 9Z 

Z5.3Z 

8.15 
4.00 

$4140. 94 

IZ5.43 
$4l66.37 

Anthony W. Smith 
24 February. 1971 
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ESTIMATED FINANCIAL POSITION OF C. M.S. 
AT THE END OF 1972 

ASSETS (1 January 1971) cash $2570 

reserves 1526 

LIABILITIES budgeted deficit (1971) 1080 

design of Atmosphere 290 

promotion of Atmosphere 1000 

Atmosphere (1970 iS6ue) ~ 

ASSETS (1 January 1972) 

BUDGETED DEFICIT FOR 1972 

SURPLUS END OF 1972 
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$4096 

$3370 

$726 

$608 

$1l8 



ATMOSPHERE ANNUAL REPORT 1970 

Five issues of ATMOSPHERE were printed and distributed: number 4 of 
Volume 7. numbers I, 2 and 3 of Volume 8 and the 4th Annual Congress 
issue. The regular issues contained lSZ pages with 9 articles and papers, 
5 notes, 1 book review, 7 announcements and 18 reports about meetings. 
and a number of other items ; one half - page ad was alao published. The 
special Congre ss iSBue contained 48 pages of material including Society 
reports along with the Congress program and abstracts . 

Early in 1970 the eMS Development Committee recommended that 
ATMOSPHERE should be developed and improved to support the profes­
sional interest of the Society. The President and Editor met with 
University of Toronto Press officials in February to obtain estimates 
regarding servi ces that the Press could provide for our Society as follows: 
design a new format fot' ATMOSPHERE; initiate a promotional campaign 
to obtain more institutional and library subscriptions; print and distribute 
the issues; bill and collect annual membership dues and subscription fees; 
and maintain the mailing lists. Proposals to improve ATMOSPHERE 
were presented at the Annual General Meeting at Winnipeg on June 17. 
and accepted by the Society members. In September an agreement was 
signed with the Press. During November the Editor met with staf( of the 
U of T Press to arrange for the implementation of the services. 

Indexes to the contents of ATMOSPHERE were published for the 
first time during 1970 and include all material published since 1963: a 
cumulative index for Vols. 1-6 (1963-1968) and an annual index for Vol. 
1 (1969) appeared in Volume 8 issues Nos. I and 3, respectively . 

ATMOSPHERE is now listed nationally in the Canadian Serials 
Directory and internationally in Ulrich ' s International Periodical 
Directory. A rtides are regularly indexed in Meteorological and 
Geoastrophysical Abstracts. 

Refunds for Federal and Provincial sales taxes paid for printing 
ATMOSPHERE during the period from September 1968 to September 1969, 
were received in the amount of $665.04 from the printing company , AMG 
Lithographers , Ltd. 

Thanks are extended to all thos e members who supported 
ATMOSPHERE by contributing papers or by giving encouragement and 
advice when these were most needed . 

E.J . Truhlar. 
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ANNUAL REPORTS FROM CENTRES 

B.C. CENTRE 

The following are the name s of the executive of the B.C. Centre 
of the C.M.S. 

Chairman: 

Vice -Chai rman: 

Se cretar y-Treasure r: 

Prog ram Convene r: 

Dr. T.A. Black, Depar tment 
of Soil Science. University of 
British Columbia 

Mr. D. Fau lkne r. Pacific 
Weather Central, Vancouver 
International Airport 

Prof. B. Sagar, Department 
of Geog raph y. Simon Fraser 
Unive rsity 

Dr. M. Miyake , In stitute of 
Oceanography, University of 
British Columbia 

The B.C. Centre experienced a s ucce ssful year judging by the 
attendance at the meetings . The Centre has had live meetings so far 
during the year which included a banquet honouring the Centennial of the 
Canadian Meteorological Service. 

Meetings have been held at the University of British Columbia, 
Simon Fraser University and the Vancouve r International Airport . It has 
been customary to have coffee and donuts afterwards except in the case 
of public lectures. Graduate student participation has been evident. 
Graduate students come from the Faculties of Agricult ure and Forestry. 
the Department of Geography and the Institute of Oceanography. 

The first meeting of the 1970-71 season was held on October 20, 
1970 at which Mr. S. Nikleva, Scientific Support Services, Canadian 
Weather Service, made a very interesting r epo rt on "Progress in Fire 
Weather Forecasting" . 

Dr. R.E. Munn, Supervisor of the Met . Service's Micro ­
meteorology Research Unit, gave a c lear . comprehensive talk on "Air 
Pollution as a Global Problem" on December 8, 1970. On the following 
day many of the C.M.S. members joined in a Regional Pollution Work~ 
shop held in the Institute of Oceanography, with Dr . R. W. Stewar t as 
Chairman. The workshop brOllght together members from the university. 
federal and provincial governmt! nts to disc uss the problem of air pollution 
in the B. C. region . 

D r . F.K. Ha re, Department of Geog raphy, University of Toronto, 
distingui s hed speake r sponsored b y the Canadian Meteorolog ical Service, 
gave a lucid addres s on "C lima to logy and Ecology i n the Canadian North" 
to some 350 members and guests at a public meeting at U .B .C . , February 
15. 1911. 

Dr . T.A. Black. professor of biometeorology, in the Department 
o f Soil Scie ::tce . University of British Columbia, discussed m eteorological 
methods o f e stimating evapotranspiration from forests on March 3D, 1971. 
His comments were of particuLar interest to regional forest hydrologists. 

The spring banquet was held on April )5 with Dr . H. Fraser as 
afterdinner speaker. This is the first year that a spring banquet has 
been organi zed . It is hoped to cont inue this activity in the future. 



ALBERTA CENTRE 

Executive of the Centre 

Chairman 
Secretary 
Treasurer 
Calgary Member 

Meetings of the Season 

Sept. 9, 1970 

Nov . 5 , 1970 

F e b. 16 , 1971 

Mid-April, 1971 
(tentativ e) 

C.E. Thompson 
S.M. Checkwitch 
J. Dublin 
R. K. Holbrook 

Dr . A. Chisholm. 
Atmospheric Research 
Se ction. Canadian 
Meteorolog ical Service 

Dr. Ignaz Verginer, 
Laboratory for Atmo" 
t pheric Research, 
University of Illinois 

Dr. F.K. Hi re. 
Unive rsity of Toronto 

Or. K. Hage. 
Dept. of Geography. 
University of Alberta 

"Radar Studies of 
Alberta Hail Storms" 

"Lee Waves and 
Chinook Winds in 
the Colorado Rocky 
Mountain5" 

"Climate and Ecology 
in the Canadian North" 

"Activities of the 
Institute of Earth 
and Planetary Physics" 

Meetings were held in the Henry Marshall Tory Building on the 
Campus of the University of Alberta at the invitation of the Geography 
Department. 

All meetings were extremely well attended. In particular Dr. 
Hare's timely subject drew well over 100 members and visitors. 

The meeting tentatively set for mid"April is to elect a new exec­
utive and commence planning for the 6th Annual Congress of the Canadian 
Meteorological Society to be held in Edmonton in 197Z. 

REGINA CENTRE 

Officers of the Regina Centre for 1970 - 71 

Chairman 
Secretary 

S.J. Buckler 
L.S. Meeres 

Two scientific meetings have been held in 1970 - 71. 

February I, 1971 

Topic 

February 18 , 1971 

Topic 

S.J. Buckler. 
Officer -in Charge , 
Prairie Hydrometeorological Office 

A Report on the 51st Annual Meeting of the 
AMS, San Francisco 

Dr~ F .K. Hare , 
University of Toronto 

Climate and Ecology in the Canadian North 

The meeting of February 18th with Professor Hare was held in 

to _ .. ... , --



the Classroom Building oC the University of Saskatchewan, Regina Campus, 
arranged through the cooperation of the Geography Department. 

In the afternoon of February 18th, a group of 30 Hydrologists, 
Engineers. Geographers and MeteoroLogists assembled in the board room 
of the Motherwell Building in Regina to hear and discuss a presentation 
by Professor Hare on "Climatology and the Water Resources of Canada". 

WINNIPEG CENTRE 

After hosting the Fourth Annual Congress in June the members of the 
Winni peg Centre relaxed and enjoyed the famous Manitoba sunshine . 
Howeve r with the advent of the fall season a Junior High School project 
was organized . This was advertised through the local school districts 
and news media . The purpose of the competition was to increase public 
interest in meteorology and the Junior High level was chosen since 
meteorology is on their curriculum. The entries in this contest were 
displayed and judged during an exhibit at the Winnipeg International Air­
port during Easter week. 

The 1970-71 objective was a program of monthly meetings that 
would highlight applied meteorology. The following series of meetings 
were held: 

Nove mber 

December 

Jan uary 

February 

March 

April 

"Some Meteorological Aspects of Forest Protection" 
with Mr. Allan Jef£rey of Forest Protection Service, 
Manitoba Governme nt. The talk included meteorological 
services to fire-fighting, reforestration. aviation fire 
patrols and pest control. In addition the opportunities for 
integrating observational programs were discu6sed. 

liThe Operational Use of Computer Produced Diagnostic 
Charts" with Mr. Michael Balshaw of the Prairie Weather 
Central. Mike outlined the work he has done in the calcu­
lation of vorticity and convergent fields, orographic lift and 
moisture patterns in the Planetary Boundary Layer and the 
combination of these factors in the development of a precip­
itation index. 

"Weather Requirements of Agriculturallnterests tl with Mr. 
Glen Arnott, Assistant Director, Extension Service of the 
Manitoba Department of Agriculture. There was a lively 
discussion of the needs of grain farmers. specialty crops. 
the establishment of specially tailored weather services and 
methods of communication. 

"Climate and Ecology of the Canadian North" with Professor 
Hare as visiting speaker courtesy of the Canadian Meteorol­
ogical Service . There was a special dinner meeting with 
attendance the largest in the history of the Winnipeg Centre. 

Guest speaker for World Meteorological Day was Mr. 
William Ward of the Environmental Health Laboratory of the 
Manitoba Department of Health. His talk outlined the studies 
being carried forward in air pollution, industrial hygiene, 
and water and waste disposal, and the interdependence of 
this work and meteorological conditions. 

A special graphic walkRthrough exhibit and audio-vis ual 
presentation on the inner concourse of the mezzanine floor 



at Winnipeg International Airport was held during the period 
April 10th to 18th . It marked the Canadian Meteorological 
Centennial, World Meteorological Day and the Junior High 
School Competition. Tape-slide presentations alternated 
with films in the audio-visual section while special graphics 
included early Winnipeg weather records , computer prod­
ucts, satellite and radar pictures and special weather 
phenomena. 

The local executive for 1970-71 were Eric Dexter, Chairman; 
Dale Henry, Vice -Chairman; Paul Kowal, Past Chairman; and Paul 
Lemieux, Secretary-Treasurer. 

TORONTO CENTRE 

Officers of the Toronto Centre for 1970-71 

Chairman 
Programme Secretary 
Treasurer 
Secretary 

Meetings 

C.l. Taggart 
D. W. Phillips 
D. Sparrow 
G. Schaefer 

October 6, 1970: Dr. R.E. Munn, of the Canadian Meteorologica l 
Service, described some of the research carried 
out in the field of air - pollution during his s ix ­
month sabbatical in Sweden. Scientific content 
gave way later in the evening to a fine collection 
of slides centred on living conditions, sports 
activities and cultural aspects of Ufe in Sweden. 

December I, 1970: Dr. L.A. Clarenburg. air-pollution consultant in 
the Netherlands, presented one approach to re­
gional and town planning in relation to air­
pollution. The Rotterdam region is one of con­
centrated chemical industry. and hence of stench. 
Dr. Clarenburg described a mathematical model 
of random spills of odorous compounds verified 
by response over the public complaint telephone 
system. An automated sulphur-dioxide sensing 
network and an alert system have been set in the 
area . 

February 9. 1971: Mr. D.C. Archibald, of the Canadian M e teoro­
logical Service, took his audience via color slides 
and descriptive narrative across the barren lands 
of Antarctica. Members shared his enthusiasm 
as the under-ice city of Byrd Station was entered, 
and again as the final few hundred yards to the 
South Pole were crossed. Historic sites of the 
early days of Antarctic exploration we re photo­
graphed as well as the latest in scientific 
activities. 

March Z, 1971: Dr . Chester Langway, of the U.S . Army Cold 
Regions Research and Engineering Laboratory, 
presented a film depicting the snow and ice re­
search activities of CRREL in both Greenland and 



April 7, 1971: 

Antarctica. Slides and discussion then zeroed in 
upon particular aspects of their work. A high­
light of the evening was the presentation of tem­
pe rature trends dating tens of thousands of years 
in to the past, as revealed by oxygen isotope ratios 
from deep ice-cores recovered from both Green­
land and Antarctica. 

Dr. F .K . Hare, of the University of Toronto, 
continued his national tour with the presentation 
of his lecture "Climate and Ecology in the 
Canadian North" as a free public lecture at the 
Ontario Science Centre. 

The annual banquet of the Toronto Centre will feature an address 
by Dr . P . D. McTaggart-Cowan on the subject 'Operatio n Oil' which will 
deal with the task of restoring Cbe debucto Bay after the sinking of the 
tanker Arrow. Time and place 'have yet to be established for this wind­
up event. 

MONTREAL CENTRE 

ACTIVITIES - 1970-71 SEASON 

EXECUTIVE: 

Chairman: 
Secretary: 
Treasurer: 
Membe r-of-the -executive : 

Dr.!. Rutherford 
Mr. C. Turnbull 
Mrs. A.W. Pratt 
Dr. K. L.S . Gunn 

MEETINGS : 

Sept. 16 / 70 

Oct. lO/70 

Dec . 10/ 70 

Prof. Jame s E. McDonald, University of Arizona. 
spoke on the environmenta l effects of supersonic 
transports. One (ear d i scussed was that NO 
emissions, converted to nitrates in the OZQne 
layer. may Significantl y increase the particulate 
matter concentration in the troposphere. 

Dr. T. J. Simons, Canada Centre for Inland 
Waters, gave an interpretation of atmospheric 
instability theory in terms of practical meteor­
ology, suggesting that in baroclinic instability 
studles traditional normal mode theory must be 
augmented by initial value considerations. His 
experiments indicate a large dependence on the 
level at which the perturbation is introduced, with 
the most favourable level roughly in mid tropo­
sphere. 

Dr. Syukuro Manabe, ESSA, described his 1/ 3 
sea-Z / 3 land model, which includes all ocean ­
atmosphere transactions, but assumes that all 
rivers run E - W. The model achieves reasonable 
circulation when run to a state o( equilibrium. the 
main difficulties being the enormous time required 
for the sea to reach equi librium and the highly 
critical value of the solar constant. Dr. Manabe 
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Jan . 26171 

Mar. 4/71 

hopes to be able to clarify somewhat the effects of 
the C02 content of the atmosphere. 

Mrs. Beatrice Barge, McGill, gave a. well ­
illustrated talk about the expedition she has led 
the past few summers studying glacier-climate 
interactions on Meighen Island. She hopes to show 
that the glaCier influences only the climate in its 
immediate vicinity , but that this interaction keeps 
the glacier alive . 

Dr. G . A. McBean. Micrometeorology Research 
Unit. was to discuss some recent developments 
bea r i ng on the problem of the interaction of the 
atmosphere with the underlying surface. both land 
and sea. Unfortunately , his talk had to be can­
celled due to record snow-falls in Montreal. 

Arrangements have been finaliz ed to hold Pro!. Hare's lecture 
"Climate and Ecology in the Canadian North" on Thursday April 29 under 
joint sponsorship with the McGill Meteorology Department. A special 
invitation is being extended to geographers and members of the Arctic 
Institute. 

CENTRE DE QUEBEC 

Membres du conaeil d'administration: 

Pr~sident: Raymond Perrier 
Jean-Guy Fr~chette 
Raymond-M. Gagnon 
Dr. Andr~ HuIty 
R~nald-C . Naud 

Vice "'pr~sident: 
Conseillers: 

Dr. Lawrence -J. O'Grady 
Joseph Verrette 

SecrtHaire - trl!sorie r: Michel Ferland 

Rf! unions d' informa tion 

6 oetobre 

27 oetobre 

1970 Dr. M .M. G randtner, profcsseur d'~cologie 
foresti~re, Universit~ Laval 

Sujet: "Les relations climat-v~g~tation au Qu~bec 
m4didional" • 

1970 Dr . D. J. Lamberts. pt!dologue, Universit4! de 
LQuvain 

Sujet: "Les changements de climat r~fl~t~s dans Ie 
d4!veloppement des sols" . 

leI' d~c:embre 1970 Dr . E.J. Langham, physicien. Centre Qu4!b~cois 
des Sciences de l'Eau (Cequeau) 

26 f4vrie r 

ZO avril 

Sujet: "Les recherches hydromf!t~orologiques dans les 
Prairies" • 

1971 M. Alcide Ouellet, chef du Bureau M4t~orologique 
de Dorval 

Sujet: IIFaites vos prt!visions". 

1971 Professeur F.K. Hare, Universit~ de Toronto 
Sujet: "Climate and Ecology in the Canadian North". 
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CANADIAN METEOROLOGICAL SOCIETY 

Tentative Budget for 1972 

RECEIPTS 

Fees ... general 
.. student 
... corporate 

Subscriptions 

500 @ 14 . 00 
100@ 2.00 

1 @40.00 
300@ 9.00 

Total Receipts 

EXPENDITURES 

Atmosphere 
... billing &c mailing (2.0<1]0 of 9940) 
... distribution (900 xl) 
.. printing 

Annual Congress 

Awards &. Prizes 
Auditor 
Grants to Centres 

... typing 
mailing 

.. printing 

40 . 00 
60 . 00 

700.00 

Operating Costs of Exe c utive 

.. bank charges 

.. postage 

.. printing & stationery 

TotaL Expenditures 

BUDGETED DEFIC[T 

$[988.00 
900.00 

5800.00 

30.00 
100. 00 
450.00 

$7 , 000.00 
200.00 
40.00 

2 . 700 . 00 

$8,688.00 

$800.00 

150 . 00 
30 . 00 

300.00 

Tentative Budget for 19 7Z I 60 

$9,940.00 

$[0,548.00 

$ 608 . 00 



I 

STANSTEAD SE MINAR 1971 

T h e: Ninth Stanstead Seminar wi ll be held this coming summer at 
the Macdonald Campus of M cGill Unive rsity. July 12 th to 16th , 1971. 
The theme for this year is "Dynamica l a nd N umerical Modelling of Atmo­
. pbeJ' ic M otionl8 . u Among the invite d apeakers wi ll be: Dr . D.K. Lilly, 
NCA R; Dr. T .N. Krishnamurti, Florida State Unive r s ity; D r . J . Brown. 
N.ationa f M I/!l teorological Ce nter , NOAAj and Dr. A.J. Robert. Canadian 
Me teo roLogical Service. For further info rmation contact Dr. P .E . 
Merilees, Dept. of MeteoroLogy, Burnside Hall, McGill University. 
Montre al, Canada. T e l: 514-392.-4462. 



T HE CANADIAN METEOROLOGICAL SOCIETY 
La Socit:!t~ M~t~orologique du Canada 

The Canadian Meteorological Society came into be inK on January I , 19b7, 
replacing the Canadian Branch of the Roya l Me teorolorcical Soc iety , which 
had been established in 1940. The Society exis ta for the a dvanceme nt of 
Meteorology and membership is open to pe rsons a n d or«anizations having 
an interest in Mete o rology . There are local centres of the So ciety i n 
seve ral of the la.rger cities of Canada whe re paper. are r ead and db c us­
sions held on lIubj.ecta of meteorological intere . ta ATM OSPHERE iI the 
official publication of the Soeie tya Since i t s founding , the Socie t y ha. 
continued the custom be,un by the Canadian Bra nch of the RMS of ho lding 
an annual cong re8. each spring, which s e rves as a Nationa l Meteorolog ­
ical Cong re •• • 

Fo r further i nformation regarding membership, please write to t he Cor­
responding Secretary. Canadian Meteorological Society, P. O . Box 85 1. 
Adelaide Stre et Poet Office , Toronto 210 . Ontario . 

There are three type. of ordinary m e mbership - Member , Studen t Mem ­
ber a n d Corporate Member. For 1971, the dues are $14.00, $Z.O O a n d 
$40.00, r espectively. ATMOSPHERE is distributed free to all t ype . of 
m e mber. Applications for membership should be accompanied by . 
cheque made payable at par in T oronto to the Canadian M e teorological 
Socie ty. 

COUNCIL FOR 1970- 71 

President 
Vice - P r esident 
Past P resident 
Tre asure r 
Corresponding Secretary 
Recording Secretary 

E dito ria l C ommittee: 

- D. N. McMullen 
- C. M. Penner 
- M.K. Thomas 
- M.S. Webb 
- G.A . McPherson 
- G. L. Pincock 

AT MOSPHERE 

E.J. T r uh lar, Editor-in-Chief 
J .A. W. McCulloch 
H.B. Kruger 
R. E . M unn 

Editorial Staff: 
N . MacPhail 
J. Roaalsky. Advertising 
A . W . Smith 

CounciLlorl-al - large : 
C. Eas t 
K.D . Hage 
J.L. Knox 
Chairmen of Local 

Ce ntre s 

As s ociate E ditor .: 
B. W. Boville 
K.D . Hage 
J • V . Iribarne 
G. A. McPherl on 
J.G. Potter 
V.R . Turner 

Corporate Member 
Geoscience Re.earch A l sociates, Ltd •• 

Edmonton, Alta. 
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SECOND CANADIAN CONFERENCE ON MICROMETEOROLOGY 

FIFTH ANNUAL CONGRESS, CANADIAN METEOROLOGICAL SOCIETY 

PROGRAM 

Mond&y May 10 

0830: Registration . 

0900-1130: Opening, Second Canadian Conference on Micrameteoro1ogy. 

Session 1: Agriculture and Forestry. 

Session 3&: Air Pollution. 

Session 3b: Heat and Wa.ter Budget of Small Lakes. 

Tuesd&y May 11 

0900-1200: Session 4&: Instruments (1). 

Session 4b: The Ekman Layer. 

140.0-1455 : Session 5, Lecture: GARP and Small Scale Meteoro1oSl 
- R. W. Stewart. 

1455-1515: Coffee. 

1515-1100: Session 6a: Turbulence and Fluxes. 

Session 6b: Instruments (2). 

Wednesd&y May 12 

0830-1130: Opening, Congress of Canadian Meteorological Society. 

Session 1: Urban Meteorology, 

1230: Buses leave Macdonald Campus for McGill. 

Roam C250 
, 

Room C250 

Room C218 

Roam C250 

Room C2l8 

Room C250 

Roam C250 

Room C2l8 

Room C250 

Sessions 8 and 9 will be held in the Main Lecture Theatre, 
otto Maass Chemistry Building, McGill. 

1330-1450: Session 8: Human Responses. 

1450-1600: Session 9: Urban Air Pollution. 

1600-1130: Official openi ng of Burnside Buildin&and reception by occupying 
Departments. 

1130-2000: Dinner "en ville". 



Wedne sday May 12 (cont' d. ) 

l1!!:2: cne bus leave s for Macdonald Campus. 

2000-2230: Annual Business Meeting, Canadian Meteorological Society, 
Burnside Building, McGill • 

. 2230: Buses leave McGill for Macdonald Campus. 

Thursdal Mal 13 

0830-1130: Session TH 1: Numerical Weather Prediction I. Room C250 

1330-1630: Session TH 2: Numerical Weather Prediction II. Room C250 

Session TH ~: Radiation. Room cn8 

1700-1930: Pre-banquet "warm-up"; cash bar, new Dining Room, Stewart Hall. 

1930: Banquet, Canadian Meteorological Societl' 
Presentation of Patterson Metal. 
Salute to Centennial of Canadian Meteorological Service. 
Guest Speaker: Prof. Roger Bider, Macdonald College -

"The Ecology Project on the New Montreal International Airport". 

Fridal Mal 14 

0830-1130: Session FR 1: Hail and Fog . Room C250 

1330-1630 : Session FR 2: Hail and Cloud P~sics. Room C250 

Session FR 3: General. Room C218 



MACDONALD COLLEGE 

Macdonald Colle~ of McGill University was founded by Sir William Macdonald 
(of tobacco fame) for the furtherance of education and research, with particular 
reference to the needs of the population in rural districts, including teacher 
training; classes began in the Fe.ll of 1901. For many years, the Colle~ consisted 
of three major divisions - Agriculture, Household SCience, and Education. In 1910 
the Faculty of Education moved to the McGill Campus in downtown Montreal, leaving 
on this Campus the Faculty of Agriculture, in which is included the School of Food 
Science. 

This Fall will bring a new look to the academic activities of the College. 
The "traditional" professional programs in the agricultural sciences are being 
re-vamped, and a number of new B .Sc. programs introduced, extending the Faculty's 
concern with the environment and with world resources, within the four major divi­
sions of Agricultural Sciences, Biological Sciences, Food and Consumer Science, and 
Renewable Resources Development. A number of the planned courses will acquaint the 
students with the problems of atmospheric interaction with earth, water, and the 
living materials that populate the biosphere. As a consequence, many members of 
the Faculty" and graduate students, have expressed interest in this week's confer­
ence proceedings, and will be attending some or all of the sessions. We hope you 
will welcome them into the conference balls witb the same warmtb as that with which 
they welcome you to this Campus. ' 

THE CAMPUS AND SURROUNDINGS 

Ste. Anne de Bellevue and tbe Macdonald Clllllpua lie on the southwestern tip of 
Montreal Island, where the ottawa River flows into the St. Lawrence beneath the 
bridge at st~. Anne. Under the brid~ is a lock, through which pleasure boats 
bypass the rapids. Above the rapids is the Lake of '!Wo Mountains, where the ottawa 
River broadens as its waters are directed ~ound Montreal Island. It is a short 
and pleasant walk to the lock, from where can be obtained a fine view of the rapids 
and of the !.ake of '!Wo Mountains. 

The old fur brigades, paddling to the west from I,achine via the ottawa River, 
used to stop at Ste. Anne and to congregate in the church there to pray for a safe 
voyage, and again upon their return to offer thanksgiving. The old church stood 
near the site of the present one, near the lock. 

Simon Fraser owned a house in Ste. Anne, which is maintained as an historic 
site. Light lunches are served in the Simon Fraser House, on Ste. Anne Street, 
near the bridge. 

The Morgan Arboretum is a nature and wild-life preserve, situated north of 
the Trans-Canada Highway, the entrance being near the Radar Observatory. Here are 
60 acres of sugar bush, 22 acres of undisturbed natural environment, collections 
of Canadian trees, forest tree nurseries, etc. You can drive only as far as the 
parking lot at the entrance, but there are many beautiful walks and trails through 
the area. But please do not disturb the environment - the wildlife, flowers and 
trees are to be enjoyed, not disturbed. And no smoking, please. Maps are avail­
able at the registration centre. 



ENERGY INTAKE AND THE ALCOLOGIC CYCLE 

Meals will be available in the gracious Old Dining Room, Stewart Hall; Bee the 
notice board for hours of service. There are several restaurants in the town of 
Ste. Anne de Bellevue, along the main street; these include the historical old 
Simon Fraser House, near the bridge at the end of Ste. Anne Street, about ten 
minutes' walk from the Campus . Those with cars will find restaurants at Ile Perrot 
(just across the bridge), at Dorion (about 5 miles southwest on Route 2/20), at 
Baie d'Urf~ Plaza (about 2 miles east, corner of Route 2/20 and Morgan Road), as 
well as further along Route 2/20 towards Montreal at Beaconsfield, Pointe Claire, 
Dorval, etc. 

A variety of dispensing machines (coffee, soft drinks, snacks, etc.) are to 
be found in the basement of the Main Building. Light lunches (soup, sandwich, ham­
burger) are also obtainable at the Snack Bar, Centennial Centre (the stone/brick/ 
glass cube a few hundred yards to the rear of Stewart Hall). Hours there are 11:00 
a.m. to 2:00 p.m. only. 

The alcological cycle can be studied - under field conditions - at the BAR-DISCO, 
operated by the students for the benefit of the Conferences, and located in the base­
ment of the Centennial Centre. See the hours on the notice board. Other oases can 
be found in Ste. Anne, and at the various restaurant locations menti oned above. 
Those who aspire to total saturation (field capacity) are referred to the local QLB 
retail outlets, one in Ste. Anne and one at Baie d ' Urfe Plaza. 

STORMY WEATHER GROUP RADAR OBSERVATORY 

The radar observatory of McGill's Stormy Weather Group is located near the 
Macdonald Campus, at the entrance to the Morgan Arboretum on the north side of the 
Trans-Canada Highway. Conference delegates are welcome to visit the installation . 
If transportation is needed, phone the Observatory at 453-7370. 

BURNSIDE HALL, McGILL UNIVERSITY 

Burnside Hall, the newest building on the downtown campus, will be officially 
opened by the Principal at 4:00 p.m., Wednesday May l2. The opening cereDDny is 
but one of the many events celebrating McGill's one hundred and fiftieth anniversary 
this year. The Departments that occupy the building - Computing Centre, Computing 
Sciences, Geography, MathematiCS, and Meteorology - have arranged special seminars 
and lectures in honour of the occasion. The Wednesday afternoon joint sessions of 
the Conference on Micrometeorology and of the Canadian Meteorological Society will 
be held on the McGill campus, and will conclude in time for the opening ceremonies. 
PartiCipants are invited to attend the ceremonies and the reception in Burnside Hall. 

Buses will leave Macdonald College for McGill at 1230 Wednesday, and will return 
at 2230 after the Annual Meeting of the CMS. For anyone wishing an earlier return to 
Macdonald, one bus will leave McGill at 1745. 

DINNER "EN VILLE " 

Following the Wednesday afternoon session on the downtown McGill campus and 
before the CMS business meeting at 2030, you will have an ideal opPOrtunity to 
sample the gourmet delights of Montreal. It is but a short walk or drive from 
McGill to many fine restaurants and dining-rooms. In particular, don't overlook 



Old Montreal, where parts of the original town have undergone restoration and where 
many quaint eating places are to be found in old stone buildings on cobbled side 
streets. Members of the Montreal Centre will be happy to serve as advisors and 
guides and to share your company at table. 

MISCELLANY 

A E'OST OFFICE is located on the Campus, in the basement of the Ml,i:q Building; 
and another one is located on Ste. Anne Street, Ste. Anne. 

There are branch offices, Bank of Montreal and Banque Canadienne Natianale, 
in Ste. Anne; the Bank of Montreal has also a branch at the Baie d 'Urfe shopping 
plaza (Route 2/20 at Morgan Road). 

Ste. Anne de Bellevue is served by the Autobus Metropolitain ProvinCial, whose 
buses leave Ste. Anne every half-hour (at 3 and at 33 minutes past the hour) for 
downtown Montreal; they can be boarded in Ste. Anne at the Bellevue Snack B&r, or 
on the Lakeshore Road at the campus gate. From the city, they leave the downtown 
area on a similar schedule , with a stop at the campus gate. The town is also served 
by the C.P. Railway, the station being about a ten-minute walk from toe campus. Bus 
and CPR timetables are posted in the registration area. Taxi services are available; 
phone numbers are listed below. 

Bellevue Radio Taxi 453-2000 
Ste. Annes Taxi 453-1100 
Lakeshore Radio Taxi 695-5555 
Pincourt Radio Taxi 453-8037 
Air Canada. (Canada. and U.S.A.) 931-4411 
Air Canada. (international) 937-8555 

Autobus Metropolitain 
CNR (Montreal) 
CN Telegraph 
CPR (Ste. Anne) 

(Montreal) 
CP Telegraph 

453-5623 
877-6550 
861-4211 
453-5644 
866-5581 
861-4211 
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