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ELEVENTH ANNUAL CONGRESS 

CANADIAN METEOROLOGICAL SOCIETY 

The Eleventh Congress of the Canadian Meteorological Society will be held on I, 2, and 3 June 
1977 at the Winnipeg Convention Centre. 

For the third year the Society is fortunate in having the very active participation of its 
Oceanography Division at the Congress. Of the 90 papers scheduled to be presented, 30 have 
been grouped in six " Oceanography Sessions" (designated 0.1 to 0 .6) and 60 in eleven Mete­
orology Sessions" (M.I to M.Il). For convenience the Oceanography and Meteorology papers 
have been assigned the numbers 02 to 30 and 102 to 160 respectively. 

The Coordinating Committee fo r the Congress is composed of 

K. A. Flute , Chairman, Social Banquet 
H. M. Hacksley. Winnipeg Centre Chairman, Facilities, Annual Meeting 
H. M. Fraser , Scientific Program 
J . F. McMorran , Treasurer 
M. Shewel , Winnipeg C~ntre Vice-Chairman, Publicity 
Doris Siemieniuk, Winnipeg Centre Secretary, Registration. 

The Scientific Program Committee was composed of: E. Einarsson , C. D. Henry, W. C. Bell , 
1. Maybank, E. Lozowski , N. Boston, and B. R. Kerman . 
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SUMMARY OF SESSIONS 

Wednesday 1 June 

Time 

0830 - 0850 
0850 - 1030 
1100 - 1300 
1100 - 1200 
1330 1500 
1530 1700 
1400 1710 
1930 

Session 

Opening Welcome 
Theme: The Meteorology of the Great Plains 
O.l Offshore Oceanography 
M.l Weather Forecasting 
M.2 Weather Forecasting 
M.3 Acoustic Sounding of the Atmosphere 
0.2 Limnology 
Annual General Meeting eMS 

Thursday 2 June 

0900 - 1200 
0900 - 1200 
0830 - 1000 
1030 - 1200 
1200 - 1430 

1430 - 1630 
1430 1700 
1430 1700 

Friday 3 June 

0900 - 1210 
0830 - 1000 
1030 1200 
1400 - 1710 
1330 - 1500 
1530 - 1700 

0.3 Estuaries 
0.4 Coastal Processes 
M.4 Numerical Modelling of the Atmosphere 
M.5 Climatology 
Banq uet and Awards 
Speaker: Dr Paul Hiebert, Professor Emeritus, 
University of Manitoba 
Oceanography Division Business Meeting and Election of Officers 
M.6 Meteorological Applications 
M.7 Boundary Layer; Mesometeorology 

0.5 Canadian Arctic Research 
M.B Solar and Wind Power 
M.9 Air Quality 
0.6 Canadian Arctic Operation 
M.IO Cloud Physics 
M.11 Hail 
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PROGRAM 

Wednesday, I June 1977 

Opening Welcome: 

THEME SESSION 

Chairman 

Han. Sidney Green 
Minister of Mines, Resources 
and Environmental Management 
Government of Manitoba 

Dr 1. E. Hay 
Canadian Meteorological Society 

Dr D. Farmer 
eMS Subcommittee on Oceanography 

The Meteorology of the Great Plains 

J. E. Hay 

Wed 0830 - 0850 
Room 1 

Wed 0850 - 1030 

Rooml 

THE INTERFACE BETWEEN THE ATMOSPHERE AND MAN'S ECONOMIC ACTIVITI ES 
Dr J. D. McQuigg , McQuigg Consultants, Columbia, Missoun 

RECENT PROGRESS IN UNDERSTANDING OCEAN CURRENTS 
Dr N. P. Fofonorf. Woods Hole Oceanographic Institution, Woods Hole, Massachusetts 

SESSION 0.1 Offshore Oceanography Wed 1100 - 1300 

Chairman C. R. Mann Room 16 

02 ON THE STABILITY OF EASTERN BOUNDARY CURRENTS 
Lawrence A. Mysak. Department of Mathematics, University of British Columbia. 
Vancouver 

03 AIR-SEA INTERACTION MEASUREMENTS AT A STABLE TOWER OFF 
HALIFAX HARBOUR, NOVA SCOTIA 

R. J . Anderson and S. D. Smith. Bedford Institute. Dartmouth 

04 CURRENT MEASUREMENTS BENEATH THE GULF STREAM 
Ross Hendry, Bedford Institute, Dartmouth 

05 DIRECT AIR-SEA CO, GAS FLUX MEASUREMENTS USING THE EDDY 
CORRELATION TECiiNIQUE 

E. P. Jones and S. D. Smith, Bedford Institute, Dartmouth 
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06 BAROCLINIC INSTABILITY IN SHALLOW SEAS 
C. l. Tang, Bedford Institute, Dartmouth 

07 ABYSSAL OCEAN CIRCULATION EFFECTS IN AN ENERGY BALANCE MODEL 
Anne O'Toole and George J. Boer, Atmospheric Environment Service, Downsview 

Lunch 1300 1400 

SESS/oNM.! Weather Forecaslinx 

Chairman M. W. Balshaw 

102 ON THE USE OF GRAVITY WAVES IN OPERATIONAL 
CONVECTIVE FORECASTING 

Wed 1100 - 1200 

Room 1 

Richard P. McNulty, National Severe Storms Forecast Center, Kansas City, Missouri 

103 N MERICAL PREDICTIONS OF SURFACE AIR T l MPERAT UR E AND MOISTUR E 
A. Maarouf , Atmospheric Environment Service . Downsvlcw 

104 STATISTICAL AIDES IN OPERATIONAL METEOROLOGY 
A. W. Cott, R. L. Raddatz, and K. Fluta, Atmospheric Environment Service, Winnipeg 

Lunch 1200 1330 

SESSIONM.2 Weather Forecasting Wed 1330 1500 

Chairman M. W. Balshaw Room I 

105 VERIFICATION OF FORECASTS IN A MAJOR FORECAST OFFICE 
N Vacowar J . Blaum , Y. Bernier . P. Dubreuil, J . Irwin , H. Woronko , and Stafr of 
the Quebec Weat her Office 

106 AN OPERATIONAL TECHNIQUE FOR THE VERIFICATION OF SUBJ l CTIVE 
FORECASTS 

H. T . Seal. PralTie Weather Centre. Winnipeg 

107 VERIFICATION OF WORDED PUBLIC FORECASTS 
J. Gruiepy L. Garand, N. Yacowar. and the St:;l ff of the Quebec Forecas t Office 

108 MEASUREM ENT OF TH E CONCENTRATION OF fALLING SNOW 
J. R. Stallabrass. NRC, Ottawa 

109 RELATING ALBERTA TH ND ERSTORMS TO SYNOPTIC SHORT WAVES 
G . S. Strong. Alberta Hail ProJect. Mynarski Park 

Coffee 1500 - 1530 
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SESSIONM 3 Acoustic Sounding of the Atmosphere Wed 1530 - 1700 

01airman B. R . Kerman Room J 

110 TYPICAL FEATURES OF ATMOSPHERIC TURBULENCE PROFILES ASSOCIATED 
WITH CHINOOKS 

T. Mathews and R. 8 . Hicks 

III THE LAKE BREEZE AT TORONTO 
Richard C. Bennet . Ministry of the Environment. Victoria 

112 OBSERVATIONS OF NOCTURNAL INVERSION LAYERS BY REMOTE ACOUSTIC 
AND TETHERED BALLOON SOUNDING 

R. 8 . Hicks and T. Mathews 

113 QUANTITATIVE MEASUREMENTS WITHIN THE TROPICAL MARINE BOUNDA RY 
LAYER DURING GATE USING A SHIP-MOUNTED ECHO SOUNDER 

John E. Gaynor, NOAA, Boulder , Colorado 

114 THE RELATIONSHIP OF SFERICS AND CONVECTIVE ACTIVITY OVER NORTH 
AMERICA 

R. D. Grimes. Canadian Forces Weather Office, Weslwin , Manitoba 
Dr Bhartendu, Atmospheric Environment Service. Downsview 

SESSION 0.2 Limnology 

Chairman F. M. Boyce 

Wed 1400 - 1710 

Room 16 

08 THE EVOLUTION OF A NUMERICAL MODEL FOR ESTIMATING 
PHYTOPLANKTON PRIMARY PRODUCTION IN LAKES (Invited paper) 

Everett J. Fee. Freshwater Institute, Winnipeg 

09 SOME FEATURES OF THE THERMAL STRUCTURE OF LAKE ONTARIO 
F. M. Boyce, Canada Centre for Inland Waters. Burlington 

010 MIGRATING TEMPERATURE STRUCTURE IN STRATIFIED FRESH WATER LAKES 
1. R. Lazier and H. Sandstrom, Bedford Institute , Dartmouth 

011 NUMERICAL STUDIES OF AIRFLOW OVER SHORT. STEEP WIND WAVES 
P. A. Taylor Department of Oceanography . University of Southampton. England 

012 TRENDS IN SEDIMENTATION RATES IN THE SAGUENAY RIVER AS 
DETERMINED BY THE Pb-21O METHOD 

J. N. Smith and A. Walton, Bedford Institute, Dartmouth 

013 WHITECAPS AND MOMENTUM TRANSFER 
M. A. Donelan, Canada Centre for Inland Waters. Burlington 

Coffee 1500 1530 

A nnual General Meeting eMS 1930 
Room 1 
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Thursday, 2 June 

SESSION 0.3 Estuaries 11,ur 0900 - 1200 

Chairman G. L. Pickard Room 16 

014 A REVIEW OF STUDIES IN ESTUARIES (Invited paper - Tentative Title) 
D. M. Farmer, Institute of Ocean Sciences, Victoria 

015 A STUDY OF PHYSICAL PROCESSES IN THE RUPERT BAY ESTUARY 
R. G. lngram, C. d'Anglejan and J. -C. Deguise, Marine Sciences Centre, McGill 
University, Montreal 

016 GEOCHEMISTRY OF SULPHUR IN SEDIMENTS FROM THE ST LAWRENCE 
ESTUARY AND SAGUENAY nORD 

Andre Ouellet and Bj<prn Sundby , Laboratoire d'oceanographie Universite du 
Quebec a Rimouski 

017 OBSERVATIONS IN THE SUSPENDED MATTER MAXIMUM OF THE ST LAWRENCE 
ESTUARY 

Bjl6rn Sundby and Norman Silverberg, Laboratoire d'oceanographie, Universite du 
Quebec a Rimouski 

018 SUSPENDED AND BOTTOM SEDIMENT INTERACTION IN THE MIRAMICHI 
ESTUARY. N.B. 

Kate Kranck , Bedford Institute, Dartmouth 

019 THE CAUSE OF THE MID-DEPTH TEMPERATURE MINIMUM IN SOME B.C.INLETS 
M. R. MacNeill and G. L. Pickard, Institute of Oceanography , University of British 
Columbia, Vancouver 

SESSION 0.4 Coastal Processes Thur 0900 1200 

Chairman N. E. J. Boston Room 15 

SOME PERSPECTIVES ON COASTAL OCEANOGRAPHY (Invited paper) 
D. M. Farmer, Institute of Ocean Sciences, Victoria 

020 FACTORS INFLUENCING TRACE METAL CONCENTRATIONS IN COASTAL 
WATERS 

P. A. Yeats, J. M. Bewers, and A. Walton, Bedford Institute , Dartmouth 

021 WATER EXCHANGE AT THE EDGE OF THE CONTINENTAL SHELF 
H. Sandstrom, Bedford Institute, Dartmouth 

022 A NOTE ON FREE OSCILLATIONS OF CHEDABUCTO BAY 
F. G. Barber and J. D. Taylor , Marine Sciences Directorate, Ottawa 

023 PHYSICAL OCEANOGRAPHY OF JAMES BAY 
S. J. Prinsberg , Ocean and Aquatic Sciences , Burlington 
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024 LOW·FREQUENCY FLUXES OF MOMENTUM, HEAT, SALT AND NUTRIENTS AT 
THE EDGE OF THE SCOTIAN SHELF 

Peter C. Smith, Bedford Institute, Dartmouth 

Coffee 1000 1030 

Banquet and Awards 1200 - 1430 

SESSION M.4 Numerical Modelling of the Atmosphere Thur 0830 1000 

Chairman P. Merilees Room 13 

115 A CANADIAN GCM 
C. J. Boer, N. McFarlane, L. Steinberg, Atmospheric Environment Service. Downsview 

116 SIMULATION OF THE ZONALLY AVERAG ED ATMOSPHERIC CIRCULATION 
N. McFarlane, Atmospheric EnvlTonment Service, Downsview 

117 THE IMPORTANCE OF VERTICAL RESOLUTION IN PLANETARY 
WAVE MODELLING 

J. Derome. E. Kirkwood, and J. G. Desmarais, McGill University , Montreal 

118 A THREE·DIMENSIONAL STUDY OF ATMOSPH ERIC FRONTOGENESIS 
G. V. Price Lehigh University. Bethlehem. Pa 

119 EVALUATION OF NUMERICAL APPROXIMATIONS FOR ESTIMATING THE 
GROUND HEAT FLU X IN MESOSCALE NUMERICAL MODELLING 

John D. Reid, Atmospheric Environment Service , Downsview 

Coffee 1000 1030 

SESSIONM.5 Climatology 

Chairman K. Hage 

120 NATIONAL ARCHIVAL DATA FOR CLIMATOLOGICAL AND 
MIOTEOROLOGICAL APPLICATIONS 

Thurl030 1200 

Room 13 

Jack Edward Donegani. Atmospheric Environment Service, Downsview 

121 NEW QUALITY CONTROL PROCEDURES FOR CLIMATOLOGICAL DATA 
D. W. Buss, Atmospheric Environment Service, Downsview 

122 A CLIMATIC CLASSIFICATION OF THE NORTHWEST TERRITORIES FOR 
RECREATION AND TOURISM 

R. B. Crowe, Atmospheric Environment Service, Downsview 

123 CLIMATIC CLASSIFICA nONS OF THE PRAIRIE PROVINCES 
J. M. Powell , Canadian Forestry Service , Edmonton 

124 LAPSE RATES IN THE LOWER 250 METRES NEAR WINNIPEG 
w. C. Bell, University of Winnipeg, Winnipeg 
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Banquet and Awards 1200 - 1430 

Oceanography Division Business Melting and Election of 
Officers 

Coffee 1530 1600 

1430 1630 
Room 16 

SESS/oNM.6 Meteorological Applications Thur 1430 1700 

Chairman S. V. A. Gordon Room 13 

125 PHYSICAL VS MATHEMATICAL MODELS IN AGROMETEOROLOGY 
P. H. Schuepp, Macdonald College, Ste Anne de Bellevue 

126 RELATIONSHIP BETWEEN THE SMALL NEGATIVE AIR IONS AND THE 
RESPIRATION OF MOUSE LIVER CELLS IN VITRO 

Dr Bhartendu, Atmospheric Environment Service, Downsview, and I. A. Menon, 
University of Toronto 

127 IMPACT OF AIR IONS ON BIOLOGICAL ACTIVITIES OF PLANTS 
N. Barthakur, T. M. Elkiey, R. L. Pelletier, and Dr Bhartendu, Macdonald College, 
Ste Anne de Bellevue 

128 METEOROLOGICAL INFLUENCES ON THE DISPERSION OF GRAIN DUST INTO 
COMMUNITIES ON THE CANADIAN GREAT PLAINS 

S. R. Shewchuk, Saskatchewan Research Council, Saskatoon 

129 AGRICULTURAL WEATHER IN THE RED RIVER BASIN OF 
SOUTHERN MANITOBA OVER THE PERIOD 1800 TO 1975 

T. R. Allsopp, Atmospheric Environment Service, Downsview 

130 DROUGHTS ON THE CANADIAN PRAIRIES 
Henry Stan ski, Dale Henry, and H. M. Fraser, Atmospheric Environment Service, 
Winnipeg 

131 PRECIPITATION NETWORK REQUIREMENTS FOR HYDROLOGICAL FORECASTING 
AN APPLICATION OF OBJECTIVE TECHNIQUES 
W. 1. Pugsley and L. O. Mapanao, Atmospheric Environment Service, Downsview 

132 A REGRESSION MODEL FOR THE PREDICTION OF WIND INDUCED SET-UP ON 
LAKE WINNIPEG 

E. Einarsson, K. A. Fluto, G. B. Atkinson, and H. T. Beal, Atmospheric Environment 
Service, Winnipeg 

Coffee 1530 - 1600 
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SESS/oNM. 7 Boundary Loyer and Mesometeoro{ogy Thur 1430 - 1700 

Olairman D. Leahey Room 15 

133 MODEL OF THE ATMOSPHERIC BOUNDARY LAYER OVER AN EXTENSIVE 
SNOWFIELD AND ITS RELATION TO AIR MASS TRANSFORMATION OVER 
THE CANADIAN AND AMERICAN PLAINS 

I. M. Halberstam, Jet Propulsion Laboratory. Pasadena, California 

134 A MESOSCALE BOUNDARY LAYER MODEL FOR THE ST DY OF UPSLOPE 
WEATHER OVER THE CANADIAN WESTERN PLAINS 

R. L. Raddatz and M. L. Khandekar. Atmospheric Environment Service 

135 ON THE PREDICTION OF MESOSCALE WINDS AT YORKTON. SASKATCHEWAN 
AND VICINITY 

S. Venkatesh, Atmospheric Environment Service, Downsview 

136 DETERMINATION OF SURFACE WINDS IN THE ALB ERTA OIL SANDS AREA 
FROM A MESOSCALE MODEL 

John L. Walmsley and John D. Reid, Atmospheric Environment Service, Downsview 

137 GATE CLOUD CLUSTERS 
Catherine Gautier, Universite du Quebec a Rimouski 

138 A CRITICAL REVIEW ON THE SIGNIFICANCE OF THE DIABATIC INFLUENCE 
FUNCTIONS AND THE VON KARMAN CONSTANT 

A. K. to and G. A. McBean, Atmospheric Environment Service, Downsview 

139 EFFECTS OF AEROSOL INDUCED HEATING ON THE CONVECTIVE BOUNDARY 
LAYER 

A. Venkatram, Atmospheric Environment Service, Downsview 

140 FIELD MEASUREMENTS OF DRY REMOVAL RATES OF AIR POLLUTANTS OVER 
VEGETATION SURF ACES 

J. G. Droppo, Battelle, Pacific Northwest Laboratory. Rkh land, Washington 

Coffee 1530 1600 

Friday, 3 June 

SESSION 0.5 Canadian Arctic Research Fri 0900 - 1210 

01airman A. E. Milne Room 16 

025 RECENT ADVANCES IN ARCTIC OCEANOGRAPHY (Invited paper) 
E. L. Lewis, Frozen Sea Research Group, Victoria 

026 OCEANOGRAPHIC OBSERVATIONS IN PENNY STRAIT. NWT 
G. S. Peck, Ocean and Aquatic Sciences, Burlington 

027 OCEANOGRAPHIC OBSERVATIONS IN BARROW STRAIT, NWT 
R. H. Herlinveaux and D. B. Fissel, Institute of Ocean Sciences, Victoria 
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028 WATER STRUCTURE IN THE GREELY FIORD SYSTEM 
R. A. Lake and E. R. Walder , Frozen Sea Research Group, Victoria 

029 RECTILINEAR LEADS AND INTERNAL MOTIONS IN THE ICE PACK OF THE 
WESTERN ARCTIC OCEAN 

J. R. Marko and R. E. Thomson, Institute of Ocean Sciences, Victoria 

030 THE WINTER ENERGY REQUIREMENT OF AN OPEN WATER CHANNEL IN THE 
GULF OF ST LAWRENCE 

Fabiola Renaud, Department of Meteorology, McGill University, Montreal 

Coffee 1000 1030 

Lunch 1210 1400 

SESSIONM.8 Solar and Wind Power Frj 0830 1000 

Chairman J. E. Hay Room 13 

141 WIND POWER AND SOLAR ENERGY RELATED TO A SUBURBAN OR FARM 
HOME 

A. H. Lamont, Atmospheric Environment Service, Winnipeg 

142 SOLAR POWER - IS IT THE ANSWER FOR REMOTE SITES? 
R. Van Cauwenberghe, Atmospheric Environment Service, Downsview 

143 MODELLING SOLAR RADIATION FOR DAYS WITH CLOUD 
Philip W. Suckling, University of British Columbia, Vancouver 

144 FLUX.(;RADIENT RELATIONSHIPS OVER SNOW 
D. H. Male and R. J. Granger, University of Saskatchewan, Saskatoon 

145 ON THE DEVELOPMENT OF SECONDARY CIRCULATION IN THE CANADIAN 
ARCTIC 

E. R. Reinelt and B. C. Green, University of Alberta, Edmonton 

Coffee 1000 1030 

SESSIONM.9 Air Quality Frj 1030 1200 

Chairman M. Kwizak Room 13 

146 THE DISTRIBUTION OF ATMOSPHERIC SULPHATES IN CANADA AND ITS 
RELATIONSHIP TO LONG-RANGE TRANSPORT OF AIR POLLUTANTS 

Y. S. Chung, Atmospheric Environment Service, Downsview 

147 PLUME DISPERSION AND ASSOCIATED TURBULENCE CHARACTERISTICS FROM 
A LARGE INDUSTRIAL SITE IN THE ATHABASCA OIL SANDS 

D. S. Davison, C. C. Fortems and K. L. Grandia, Intera Environmental 
Consultants, Calgary 
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148 CALCULATIONS OF SEASONAL AND ANNUAL POLLUTION CONCENTRATIONS 
IN THE ALBt::RTA OIL SANDS 

John L Walmsley and Dave Bagg. Atmospheric Environment Service, Downsview 

149 A PRELIMINARY EXAMINATION OF POOR AIR QUALITY LEVELS IN CALGARY 
IN RELATION TO MOUNTAIN GENERATED WIND SYSTEMS 

Douglas Leahey, Western Research and Development Ltd, Calgary 

150 INFLUENCE OF IONS IN GAS-TO-PARTICLE REACTIONS 
D. Corr, G. Diamond, C. Banic, and J. V. Iribarne, University of Toronto 

Lunch 1200 1330 

SESSION 0.6 Canadian Arctic Operations Fei 1400 l7 LO 

Chairman R. H. Goodman Room 16 

031 INDUSTRY AND GOVERNMENT CONSTRAINTS AND REQUIREMENTS IN 
ARCTIC OPERATIONS (Invited Paper Tentative Title) 

A. E. Collin. ASSIstant Deputy Minister. Ocean and Aquatic Sciences, Fisheries 
and Environment Canada 

032 SATELLITE DATA RETRANSMISSION FOR ARCTIC STUDIES 
R. A. Atkms and R. H. Goodman. Innovative Ventures Limited, Calgary 

033 THE BEHAVIOUR OF OIL IN ICE-<XlVERED AND ICE-INFESTED SEAS 
George Greene, Imperial Oil, Calgary 

034 THE BIOLOGICAL OCEANOGRAPHY PROGRAM FOR IMPERIAL OIL IN DAVIS 
STRAIT (Tentative Title) 

Shirley M. Conover, Maclaren-Atlantic, Halifax and Evan Birchard , Imperial 
Oil, Toronto 

035 EFFECT OF FLUORIDE ON PHOSPHORITE SOLUBILITY BEHAVIOUR IN 
SEAWATER 

Scott MacKnight, Royal Roads Military College , Victoria 

036 TURBULENT DIFFUSION VARIABILITY AND THE MARINE ENVIRONMENT 
D. P. Krauel, Royal Roads Military College, Victoria 

ENVIRONMENTAL PREDICTION FOR ARCTIC MARIN E OPERATIONS 
J. C. O'Rourke, Canadian Marine Drilling Ltd, Calgary 

Corr .. 1500 1530 

SESSION M.l 0 Cloud Physics Fri 1330 - 1500 

Chairman W. Hitschfeld Room 13 

151 THE THERMODYNAMIC AND DYNAMIC EFFECTS OF CUMULUS CLOUDS 
OBSERVED IN AMTEX '74 

H. R. e ho and T. C. Yip, University of Toronto 
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152 EMPIRICAL RELATIONSHIP BETWEEN PARCEL CONVECTIVE ENERGY AND 
MAXIMUM RAINFALL RATE 

C. U. Ro and I. Zawatzki . Universite du Quebec a Montreal 

153 SIMULATION OF GRAUPELGROWTH IN A LABORATORY CLOUD CHAMBER 
M. M. Oleskiw and E. P. Lozowski , University of Alberta . Edmonton 

154 THE FATE OF ELECTRICAL CHARGES IN CLOUD DROPLETS 
B. A. Thompson and J. V. lribarne, University of Toronto 

155 COMPARISONS OF CALCULATIONS AND OBSERVATIONS OF ICE CR YSTAL 
GROWTH FOLLOWING SEEDING 

1. W. Strapp and H. G. Leighton , McGill University . Montreal 

Coffee 1500 1530 

SESSION M.II Hail Frj 1530 1700 

Olairman I . Renick Room 13 

156 A NUMERICAL MODEL FOR NON-STEADY HEAT TRANSFER DURING 
HAILSTONE ICING 

R. O'Amours and E. Lozowski, University of Alberta, Edmonton 

157 EVALUATION OF HAILFALL FROM HAILPAD AND RADAR DATA 
Peter Wrenshall and Robert Charlton , University of Alberta, Edmonton 

158 ANALYSIS OF AN ALBERTA MULTICELL STORM 
K. L. Grand ia. D. S. Davison and D. R. lnkster , lntera Environmental Consultants 
ltd, Calgary 

159 THE SASKATCHEWAN HAIL RESEARCH PROJECT, 1973-1976 
Alexander H. Paul , University of Regina 

160 HAIL SUPPR ESSION : WHERE DO WE GO FROM HERE? 
Peter W. Summers, National Center for Atmospheric Researc h, Boulder. Colorado 
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ABSTRACTS 

Session 0.1 Offshore oceanography 

ON THE STABILITY OF EASTERN BOUNDAR Y CURRENTS 
Lawrence A. Mysak 

Wed 1100 1300 

Recent hydrographic and current observations of the Norwegian Current show a considerable 
amount of low-frequency variability. In particular, many of the current spectra are peaked at 
around 2·3 days. Associated with these motions are eddy-like patterns in the isopycnals, with 
horizontal scales of order 50 km. Eddy-like patterns with similar length scales have also been 
observed in the density field off the west coast of Vancouver island and appear to be related to 
variations in the California Undercurrent. J wiIJ present evidence which suggests that. in both 
cases, the observations are a manifestation of baroclimic instability of the mean flow along the 
continental slope region. 

AIR-SEA INTERACTION: MEASUREMENTS AT A STABLE TOWER OFF 
HALIFAX HARBOUR, NOVA SCOTIA 

R. J. Anderson and S. D. Smith 

We are measuring wind Uress and heat exchanges between air and water in the open ocean with 
particular interest in storm conditions. These are derived from the fluctuations of wind velocity . 
temperature, humidity, and wave height measured at a location with unlimited fetch, deep-water 
waves, and negligible land interference. For these reasons a stable tower was anchored in SSm of 
water near the approaches to Halifax Harbour. Nova Scotia. 

This paper describes the tower design and operation to date and the sensors and data coUec­
tion system used. Some preliminary results of 16/17 winter operations will be presented. 

CURRENT MEASUREMENTS BENEATH THE GULF STREAM 
Ross Hendry 

One year of moored current measurements from three sites along 40° 30' N has now been recover­
ed from a planned IS-month experiment. Moorings equipped with Aanderaa current meters at 
4000 m and 4700 m depth were set with 30 and 40 km zonal separations in water 5150 m deep, 
between SSo and 56° W under the mean axis of the Gulf Stream. The experiment was designed 
to explore the time scales and short zonal spatial scales of the energetic low frequency fluctuations 
in the deep water, and to attempt to measure the mean flow to add to the knowledge of abyssal 
circulation patterns in the deep western North Atlantic. Mean flows with a westward component 
of several cm/s were observed in a fluctuating background with horizontal root-mean-square cur­
rents of about 10 cm/s. The fluctuations were coherent over the tonal separations involved, and 
a dominant zonal scale of about 90 km was suggested. Although the deep motions are not directly 
coupled to the strong eastward flows in the surface Gulf Stream above 2000 m, work is continuing 
to resolve the relationship between the surface stream and the energetic deep motions. 
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DIRECT AIR·SEA C02 GAS FLUX MEASUREMENTS USING THE EDDY CORRELATION 
TECHNIQUE 

E. P. Jones and S. D. Smith 

With the measurement of a CO2 flux between the air and sea using the eddy correlation method, 
we have demonstrated that direct gas flux measurements can be made over a short enough time 
and a small enough geographical area to be correlated with weather and other conditions that can 
change rapidly. The measurements were made in July 1976 on Sable Island, Nova Scotia, during 
on-shore winds at a beach site similar to one used for previous eddy correlation measurements of 
heat. moisture. and momentum fluxes. Both time series and Fourier transform methods of analysis 
were applied to the data. C02 nuxes were typically about J 0-6 moles/ (m2 5), always out of the 
ocean as expected from CO2 supersaturation indicated by our alkalinity analysis of the water 
samples and consistent with C02 supersaturation as a result of the seasonal warming of the ocean. 
The frequency spectrum of the C02 concentration fluctuations, which shows a maximum at about 
0.2 Hz tailing off to nearly zero at I Hz, is generally similar to the spectrum observed {or vertical 
wind and temperature. Typical wind speeds during the penod of measurements were about 8 m/s. 
Unfortunately, conditions did not vary enough to draw conclusions with respect to the gas flux 
dependence on wind speed or other environmental quantities. 

BAROCLINIC INSTABILITY IN SHALLOW SEAS 
C. L. Tang 

Residual currents in a shallow sea usually have large fluctuations with horizontal scales much 
smaller than the dimension of the sea. One of the mechanisms that can cause such small-scale 
motions is the baroclinic instability. In the deep ocean outside the area of strong boundary cur­
rents, baroclinic instabIlities are believed not to occur because of the weak mean shear and the 
strong (j.effect. In the shallow seas, the mean currents are of the same order of magnitude as the 
fluctuations and the (j.effect is negligible. hence the environment for instability to occur is more 
favourable. In fact, it is shown that for (j-O shears of any magnitude and direction can produce 
baroclinic instability. 

The haroclinic instability of a two-layer system with a linear bottom friction is investigated 
by analyzing the linearized quasi-geostrophic equations for the system. It is found that the bottom 
friction has a strong effect on the growth rates of the barochnic waves. For a baroclinic radius of 
deformation of S km, a vertical shear of 10 cm s· I, the e-fold time, Te. increases from 2 days to 
25 days as the bottom friction coefficient is changed from 0 to 0.25 em s-I. The transient develop­
ment of the instability from a weak disturbance to a monochromatic wave is studied by solving 
the initial value problem analytically. The results show that the magnitude of the initial eddy 
grows linearly for t~ Te. Gradually two weaker eddies rotating in opposite sense to that of the 
primary eddy centred along the direction of the shear are developed. These eddies are slightly 
elongated in the cross-stream direction. As t increases, more and more eddies with alternative 
sense of rotation appear and the elongations become more pronounced. The whole pattern of 
eddies moves with the mean current. At t >Te, the eddies are transformed into a wave with an 
exponentially growing amplitude. 

ABYSSAL OCEAN CIRCULATION EFFECTS IN AN ENERGY BALANCE MODEL 
Anne O'Toole and George J. Boer 

A time dependent energy balance model (Gal-Chen and Schneider, (976) was extended to include 
effects from the abyssal ocean circulation. A zonally averaged form of Stommel and Arons' (1960) 
model for the abyssal circulation was used with the assumption of uniform upwelling through the 
base of the mixed layer and concentrated sources for this upwelling bottom water at high latitudes. 

Experiments were performed with the extended energy balance model to examine its response 
to solar constant changes and changes in internal model conditions. Comparisons of the results 
from these experiments were made with the results of similar experiments with the energy balance 
model having no abyssal circulation effects. 
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In other experiments with the extended model , theories of climate change proposed by Weyl 
(1968) and Newell (1974) were investigated. Our calculation, although crude, did not support 
these hypotheses, which appeal to abyssal circulation effects to explain cyclic glaciation. 

Session M.l Weather forecasting Wed I 100 1200 

ON THE USE OF GRAVITY WAVES IN OPERATIONAL CONVECTIVE FORECASTING 
Richard P. McNulty 

TIle use of gravity-wave phenomena in convective forecasting is addressed. The observed charac­
teristics of gravity waves are examined and comments made on the description of a gravity wave 
in the atmosphere as compared to the theoretical version. The theoretical approach to the gravity­
wave convection concept is brieny reviewed. Simplified gravity model is used to examine the 
properties of a typical "trapped" gravity wave. These properties are discussed in terms of the 
initiation of convection. The conclusion is drawn that the use of gravity waves in operational 
forecasting is severely limited by the observing network. 

NUMERICAL PREDICTIONS OF SURFACE AIR TEMPERATURE AND MOISTURE 
A. Maarouf 

A numerical module is developed to compute the surface air temperature and dew-point temper­
ature predictions hour by hour out to 24 hours. The forecast values are generated over a 19 x 22 
grid centred nearly over the Beaufort Sea. The grid interval is 127 km at 60 N. A quasi-Lagrangian 
advective scheme is used to compute temperature and dew point values that follow air trajectories 
terminating at grid points. The two-dimensional trajectories are computed from geostrophic wind 
forecasts generated by a Regional Update Model (RUM) operational at the Arctic Weather Centre. 
A Jlon-advective component determined from the diurnal cycles of temperature and dew point is 
added each hour. The normal diurnal variation has been obtained from a short climatological re­
cord and the approximate departure from the normal is assessed by the amount of cloud cover, 
moisture content in the surface layer . and the lapse rate of temperature between the surface and 
850-mb level. The forecasts of cloud cover and 850-mb temperature are generated from a Multi­
Level Spectral Primitive Equation Model of the Canadian Meteorological Centre (CMC). Sensible 
heat flux between the surface layer and an underlying sea surface is taken into account along the 
surface trajectory. Subsequent changes in surface air temperature are assumed to be a function 
of initial lapse rate, initial air temperature, sea-surface temperature, and length of over-water 
trajectory . Verification statistics of forecasts made on historical data for 180 days from 1974 and 
1975 indicate significantly higher skill over persistence, climatology , and a combination of the 
two. This module is part of a Computerized Prediction Support System (CPSS) designed for ap­
plication in the Beaufort Sea drilling operations. 

STATISTICAL AIDS IN OPERATIONAL METEOROLOGY 
A. W. Cott, R. L. Raddatz, and K. Fluto 

Statistical techniques are being developed to aid forecasters in the decision-making process. Some 
of these techniques are discussed . A multivariate statistical method of diSCriminant analysis was 
used to objectively forecast the probability of thunderstorm occurrences over an area of southern 
Manitoba. This technique showed skill in resolving the days into those with and without thunder­
storms. Multiple linear techniques have also been found useful in operational meteorology. Local 
work on the use of multiple linear regression in the forecasting of maximum and minimum temper­
atures will be presented. 
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Session M.2 Weather forecasting Wed 1330 - 1500 

VERIFICATION OF FORECASTS IN A MAJOR FORECAST OFFICE 
J. Blouin. Y. Bernier, P. Dubreuil, J. Irwin, H. Woronko, N. Yacowar, and the Staff of the 
Quebec Weather Office 

TIle development of any verification abstract scheme should have two goals: to determine the 
state of the art of forecasting, or the relative skill of methods of forecasting, and to improve the 
quality of future forecasts. Weaknesses in the forecast system, such as bias or basic misinterpre­
tations may be uncovered by verifications. Forecasters will be more alert and interested in the 
accuracy of their products if they are aware that their forecasts are being verified. A system of 
control must also be set up to determine the skill or operational value of a type of forecast in 
comparison with an already available forecast technique or from any other available unskilled 
forecast procedures. The control may be in the form of automated objective forecasts, persist­
ence ' or climatology. 

The verification of individual parameters discussed will include temperatures, snow amounts, 
gradient scores, cloud cover , probability of precipitation, and aviation terminal forecasts. The 
controls used are the automated objective machine forecasts and climatology. Where possible, 
an annual summary will be given. 

. . 
VERIFICATION DES PREVISIONS DANS UN BUREAU METEOROLOGIQUE 

J. Blouin, Y. Bernier, P. Dubreuil, J. Irwin, H. Woronko, N. Yacowar, et Ie personnel du 
bureau des previsions du Quebec. 

Les buts premiers d'un systeme de verification sont d'une part de comparer la valeur relative de 
differentes techniques de prevision et d'autre part, d'ameliorer les previsions. Les faiblesses in­
herentes a une techmque de prevision particuliere peuvent souvent etre mises a jour lors des veri­
fications. Les previsionnistes eux-memes resteront sur Ie qui-vive s'ils savent que leur travail est 
verifie. Une norme de reference est de plus necessaire pour compaler la valeur d'une technique 
de prevision a une autre deja disponible, ou pour la comparer a des "previsions" statistiques ou 
climatologiques. La norme utilisee sera scion Ie cas, 13 climatologie, la persistence, au une pre­
vision objective automatisec. 

Nous discuterons ici la verification des parametres suivants: 1a temperature,la quantite de 
neige,la nebulosite , la probabilite de precipitation, les previSIOns des aerodromes , et Ie gradient 
isobarique. Les normes de comparaison utilisees seront les previsions objectives automatisees et 
Ia climatologic. Un sommaire annuel de la verification est disponible pour certains parametres. 

AN OPERATIONAL TECHNIQUE FOR THE VERIFICATION OF SUBJECTIVE FORECASTS 
H. T. Beal 
A theoretical verification of probability forecasts, recently described in the literature, has 

been implemented for operational use at the Prairie Weather Centre. This report describes, in 
detail, the application of the technique to verify the subjectively described cloud and precipita­
tion parameters of the public forecasts and the prognouic weather-depiction charts. The ele­
ments are verified for seven localities across the prairie region. The formulation is based essen­
tially on the partitioning of the probahility, or Brier, score. The resultant terms of the partition­
ing give a useful measure of the skill of the forecasts as well as other useful information. 

VERIFICATION OF WORDED PUBLIC FORECASTS 
J. Gariepy, L. Garand, N. Yacowar, and the Staff of the Quebec Forecast Office. 

It is difficult to prepare any verification system that can adequately measure skill and usefulness, 
taking into account all weather factors. It is recognizably difficult to design a scheme that can 
classify the observed weather for a given day; the element of subjectivity in deciding what is 
important is too high. The forecasts discussed here arc the public forecasts for days two (to­
morrow), three, four, and five. 
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A simple contingency table verification was made of precipitation forecasts, comparing the 
forecasts to occurences. These can be verified on the basts of a percentage correct, Heidke score 
or other verification plan. A further attempt was made to classify the weather into six categories. 
ranging from sunny to overcast with precipitation. A utility matrix was developed to assign 
weights or credits to each element in the verification matrix, forecast versus observed, based on 
a consensus of opinions among our staff. Verifications will be presented and suggested modifi­
cations to the utility matrix discussed. 

. . 
VEIUFICATION DES PREVISIONS PUBLIQUES 

J. Garll~py, l. Garand, N. Yacowar , et Ie personnel du bureau de preVIsion du Quebec. 

II est difficde de developper un systeme de verification qui sache mesurer "utilise de la prevision 
ainsi que I'habilete du previsionniste et la valeur operalionnelle d'une prevision, tout en tenant 
compte de tous les parametres prevus. La simple operation qui consiste a classifier par categories 
Ie temps observe sur une region durant (oute une journee presente deja de la difficulte, car la 
subjectivlte de chacun entre en ligne de compte. Nous discuterons iCI une methode de verifica­
tion adaptee aux previsions publiques du lendemain Gour 2), et aux aperc;us des troisjours sui · 
van(s. 

Une grille de verification a ele etablie pour les previsions de preCipitation. On compare les 
preVisions aux observations. On assigne a ces previsions une note qui peut n'etre que Ie pour­
centage de preVisions correcles ou bien une note derivee de la methode de Heidke ou de toute 
autre methode. Une autre approche utili.see consiste a classifier Ie temps observe ou prevu en 
six categories aUant de "ensoleille" a "couvert" avec des precipitations. Une matnce de verifica­
tion ou ron retrouve en abscisse les previsions et en ordonnee les observations a ele dfveloppee 
pour enregistrer {outes les possibilites. Une valeur pond6ree relative a ete allouee a chaque ele­
ment de la matrice. Les resuitats de cette methode seront presentes et nous discuterons des 
modifications possibles a y apporter. 

MEASUREMENTS OF THE CONCENTRATION OF FALLING SNOW 
J. R. Stallabrass 

Little data are available on the frequency distribution of the mass concentration of snow in the 
atmosphere . Such a deficiency became apparent as the result of engine malfunctions in helicop­
ters while operating in falling snow. To help rectify this situation and so allow meaningful de· 
sign, testing, and qualification of aircrart engine intake systems for operation in snow, a program 
was initiated to measure the snow content of the air just above the roof of the laboratory in 
Ottawa. 

A deSCription of the snow sampling apparatus IS given and the results obtained over a six­
winter penod are presented. These suggest a 50% probability of exceeding a mass concentration 
0.15 g/m3 and a 10% probability of exceeding 0.6 g/m3. 

In conjunction with these measurements various other meteorological parameters were mea­
sured. It was found that the snow concentration may be estimated from the visibility with reason­
able accuracy, thus permitting concentration statistics to be derived for locations where visibility 
data exist. A back-scattering visililY meter (Videograph) was found 10 be a useful instrument 
for estimating snow concentration. 

RELATING ALBERTA THUNDERSTORMS TO SYNOPTIC SHORT WAVES 
G. S. Strong 

Had occurs in the Al berta Hail Project target area (an 80-mile radius of Red Deer. Alberta) on 
approximately 50% of the days in June through August. However, sigmflcant convection (tower­
ing cumulus) is reported on about 95% of the days in th is period, 

Recent results will be shown which demonstrate that when such mstability is present in 
Alberta, the occurrence of hail or no hall is determmed at least as much by synoptic-scale chang­
es in the troposphere :1$ it is by surface alr·mass characteristics. This IS particularly true of the 
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larger thunderstorms. Some specific case studies will be presented that may hopefully dispel 
any notion that thunderstorms and hail fall are highly localized phenomena. little related to the 
larger-scale synoptic waves in the atmosphere. 

Session M.3 Acoustic sound ina of the atmosphere \\\!d 1530 1700 

TYPICAL FEATURES OF ATMOSPHERIC TURBULENCE PROFILES ASSOCIATED WITH 
CHINOOKS 

T. Mathews and R. 8. Hicks 

A monostatic acoustic sounder was operated during several Chinook periods. Subsidence of 
warm air aloft has been observed during pre-Chinook conditions. The turbulence profile itself 
shows descending multiple layers. These features are compared with typical summer profiles 
and their correlations with ground-level temperature changes are discussed. 

THE LAKE BREEZE AT TORONTO 
Richard C. Bennett and Roland List 

Acoustic echo sounding is a convenient technique for remotely monitoring the distribution of 
thermal turbulence in the lower troposphere. An acoustic echo sounder was constructed at the 
University of Toronto, and since 1973 it has been used to study the planetary boundary layer 
over Toronto. 

Lake breezes were detected on numerous occasions during this study. Thc acoustic echo 
sounder showed that as the lake breeze front passed. convective plume activity was suppressed 
abruptly and replaced by a shallow zone of intense thermal turbulence associated with the in­
ternal boundary layer developing in the onshore flow of cool air . Of the 21 lake breezes that 
were monitored at the University of Toronto (2.8 km from Lake Ontario) during the spring and 
summer of 1974 , only three penetratcd far enough to reach the Toronto International Airport, 
13.3 km from the lake. Fifty-four per cent of the lake breezes that arrived before 1200 EST 
interrupted the lifting of the scattering layer associated with the nocturnal inversion. An ele­
vated stable layer often developed and limited the region of strong thermal turbulence as the 
lake breeze moved inland. Although in all cases a low-level zone of intense thermal turbulence 
followed the lake breeze front . the acoustic echo sounder showed other aspects of the lake 
breeze structure to be quite variable. The lake breezes were observed to retreat as the circulation 
weakened . Convective activity was re-established following the retreat of the front on six of 
the seven occasions when the front retreated before 1800 EST. Passage of the lake breeze 
produced an abrupt shift in wind direction at 60 m but had little IODuence on the temper­
ature at 30 rn. 

OBSERVATIONS OF NOCTURNAL INVERSION LAYERS BY REMOTE ACOUSTIC AND 
TETHERED BALLOON SOUNDING 

R. B. Hicks and T . Mathews 

The atmospheric acoustic sounder shows a potential for mORltodng the duration , vertical ex­
tent. and strengt h of atmospheric temperature inversions. In -situ measurements of temperature 
and wind profiles during inversions have been made in the close vicillity of an acoustic sounder 
by means of 3 sensor package carried aloft by a tethered blimp. A sequence of profiles perform­
ed during the break-up of the inversion provides a more detailed picture than can be obtained 
uSing data from isolated radiosonde flIghts . The tethersonde data are used to mterpret the cor­
responding acoustic sounder records. and to determine the reliability of the sounder in monitor­
ing Inversions. 
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QUANTITATIVE MEASUREMENTS WITHIN THE TROPICAL MARINE BOUNDARY 
LAYER DURING GATE USING A SHlp·MOUNTED ECHO SOUNDER 

John E. Gaynor 

Atmospheric structures within the mixed and lower cloud layers as seen in backscattered in­
tensities from a monostatic acoustic echo sounder mounted on the NOAA ship Oceanographer 
during the entire period of the 19 74 CARP Atlantic Tropical Experiment (GATE) 3re described. 
The structures consisted of three basic types: (1) moist and predominantly warm, buoyant 
thermal plumes associated with suppressed conditions. (2) ·'hat·" or "hummock·" shaped echoes 
associated with low-level tropical cumuli ; and (3) echoes with stratified layers associated with 
low-level temperature inversions caused by cool ·air outnows from cumu)onimbi. We obtained 
good acoustic Doppler vertical velocities within each of the three structure types even 10 a noisy 
ship environment (40 db above Johnson noise at 2,000 Hz). Vertical Doppler-<ilfferencing tech­
niques were used to calculate averaged profiles of the rate of turbulent kinetic energy dissipation, 
E. and the appearance of these profiles is related to the apparent convergence of sea surface 
sensible heat flux, H, within the inverSion structures. Interesting temporal vanatlons in sea sur­
face sensible heat flux, latent heat flux. E, and momentum flux . T. (all calculated using bulk 
aerodynamic methods) occur with the changing structures seen on the acoustic facsimile records. 
Time series of these changes are presented, as well as average stahstiC$. 

Of speCial interest to acoustic scattenng theorists and those interested in very small scale 
( ....... 0.1 m) atmospheric turbulence are profiles of acoustic refractive index fluctuations, C1I 2. 
Strong indication is gIVen that in such a moist mixed layer as that in GATE. these fluctuations 
are a combination of small-scale fluctuations in both temperature (CT

2) and moisture (ee 2). 
MeasuremenlS indicating a larger decrease with height of Cll

2 than predicted from models appro­
priate to 2 relatively dry convective boundary layer overland suggest that co-fluctuations of 
temperature and moisture are contributing negatively to Cn

2 in the upper levels of the mixed 
layer. 

THE RELATIONSHIP or SFERICS AND CONVECTIVE ACTIVITY OVER 
NORTH AMERICA 

R. D. Grimes and Dr Bhartendu 

Sferic measurements made from a VLF analyzer for 1915 at the AES station for Atmospheric 
Experiments. Toronto are reported. From the synoptic charts , the areas of towering cumulus 
and cumulonimbus clouds are considered as representing a meaSure of the convective activity . 
A comparison of both the sferic and convective activity indicates good agreement and a few of 
these cases will be discussed. 

Session 0.2 Limnoio8Y Wed 1400 - 1710 

THE EVOLUTION OF A NUMERICAL MODEL rOR ESTIMATING PHYTOPLANKTON 
PRIMAR Y PRODUCTION IN LAKES (Invited Paper) 

Everett J. Fee 

The aim of this work has been to develop a method of estimating the growth of algae in lakes 
- particularly in large takes where in-situ experimentation is difficult. The basic hypotheses of 
the model are that the growth rate at any instant in time is solely a function of the instantaneous 
irradiance and that the lake is bIOlogically homogeneous. Given these assumptions, then a direct 
measurement of the relationship between photosynthesis and irradiance together with metero­
logical data on irradiance and knowledge of the transparency of the lake are necessary and suf­
ficient to define a unique value of production. This original model was used to estimate annual 
primary production in Lake Michigan. 

All further work on this model was done at the Experimental Lakes Area in northwestern 
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Ontario. The first step was to eliminate unnecessary mathematics; this simplified the application 
of the model and made it more general. Next, the assumptions of biological homogeneity and 
temporal invariance of the photosynthesis vs light curve were removed. Further work is needed 
on the effect of the spectral composition of irradiance on photosynthesis. The assumption that 
the optical properties of a lake are constant over a day is also untrue and must be corrected. 

The model has been a valuable method of systematizing investigation offactaes that control 
planktonic ecosystems. Testing hypotheses of the model has led to the discovery of important 
phenomena that h<ld escaped detection for years with direct in-situ measurement. 

SOME FEATURES OF THE THERMAL STRUCTURIo OF LAKE ONTARIO 
F. M. Boyce 

Lake Ontario is a large (18.500 km 2) deep (85 m) lake, which exhibits marked seasonal stratifi­
cation. Many dynamic processes ranging from coastal upwelling to small-scale vertical mixing in 
the presence of internal waves have their signatures in the thermal structure of the lake. A con­
siderable body of data now eXists on these features. The intent of this paper is to present exam­
ples of some of the many o bserved phenomena and to describe briefly the nature of the data 
collected so far in the hope that other workers may be encouraged to take advantage of it. 

MIGRATING TEMPERATURE STRUCTURE IN STRATIFIED FRESH WATER LAKES 
J. R. Lazier and H. Sandstrom 

Data from temperature profiles and temperature time series from moored thermistor chains 
show that much of the structure in the thermocline migrates vertically through the water colUmn 
with time. Analysis suggests that the structures are distortions of the temperature Held which 
are created by the natural internal oscillations of the lake. The migrating behaviour is an effect 
of the vertical phase profile of those oscillations. 

A theory for the wind forced internal OSCillations of a viscous non-rotating lake of constant 
stratification is presented. TIle introduction of viscosity gives a smooth change of phase across 
the nodes of the veT1ical displacement profiles. This smeared phase profile enables the theory 
to qualitatively model the observed vertical migration of structure in the lake. 

The phase profiles calculated from some thermistor chain data are compared to the predicted 
phase profiles, and in the diurnal frequency band where the wind forcing is strongest the agree­
ment is good for values of viscosity of about 0.1 cm 2 s-l . 

NUMERICAL STUDIES OF AIRFLOW OVER SHORT STEEP WIND WAVES 
P. A. Taylor 

A numerical model developed by Gent and Taylor (J. Fluid Mech. 77: 105-25) is used to inves­
tigate the possible behaViour of airflow over short steep waves. Typical examples of sea waves 
and wind wave tunnel waves are considered. The effects of near-surface drift velocities are includ­
ed and found to have quite strong effects in the short sea-wave case. 

TRENDS IN SEDIMENTATION RATES IN THE SAGUENAY RIVER AS 
DETERMINED BY THE Pb·210 METHOD 

J, N. Smith and A. Walton 

Studies of the natural radioisotope, Pb-2ID (half life ill 22.3 yr) have been carried out on sediment 
cores obtained by gravity coring at a series of stations in the Saguenay River in 1976. Activities 
of Pb-2 t 0 were measured using an alpha particle spectrometer and surface barrier detectors by 
alpha counting Po-21 0 and Po-208, the latter added as an internal standard. The Ra-226 support 
contribution to the Pb-2ID activity was measured by the radon gas emanation technique. 

Lead-210 profiles are characterized by a. surface layer (about 10 cm deep) of anomalous 
activities that reflect physical and biological mixing processes. Below this surface mixed layer 
the Pb-21 0 activity decreases exponentially with depth as a consequence of radioactive decay. 
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Sedimentation raCes determined from the logarithmic portIon of the activity profiles are of the 
order of 0.4 cm/yr of compacted sediment which corresponds to a sediment accumulation nux 
of 0.3 gm/(cm2 yr). Observed decreases m the sedimentation rates for stations closer to the 
mouth of the Saguenay River corroborates previous studies of geochemical profiles measured 
in these sediments. 

WHITECAPS AND MOMENTUM TRANSFER 
M. A. Donelan 

TIlis paper describes field and laboratory experiments aimed at accessing the rate at which wind­
generated waves release momentum to the underlymg currents. The primary measuring tool is 
a miniature drag sphere velocimeter designed expressly for this purpose. The momentum transfer 
process is conSiderably more intermittent beneath the waves than it is in the air, being governed 
by local instabilities of the surface. Far enough (a few wave heights) beneath the surface. sudden 
downward pulses of momentum are qUickly diffused, and the momentum transfer appears to be 
somewhat steadier with its peak frequency about an order of magnitude less than that of the 
surface waves. 

A short slowed-motion film illustrates the depth of the disturbance caused by a single "white­
cap." 

Session 0.3 Estuaries 

A REVIEW OF STUDIES IN ESTUARIES (Invited Paper Tentative Title) 
D. M. Farmer 

Ab1tract not available. 

A STUDY OF PHYSICAL PROCESSES IN THE RUPERT BAY ESTUARY 
R. G. Ingram, B. d'Anglejan . and 1.-C. Deguise 

Thur 0900 - 1200 

In summer 1976, an extensive field program was conducted in Rupert Bay, a large estuary locat­
ed off the southeast corner of James Bay. The variable part of circulation was dominated by 
strong tidal currents and local effects of diurnal wind forcing. Mean and tidal circulation patterns 
for varying conditions are presented. The three dimensional distribution and the transport of 
salt and suspended matter have been determined. The presence of large bottom currents allows 
for a significant resuspension of suspended matter in the Bay. 

As a result of the large freshwater discharge at the head of the Bay, the mixing zone is dis­
placed some 25 km downstream. Seaward of this region, numerous surface fronts are observed. 
The importance of lateral inhomogeneities in the downstream area are discussed. 

GEOCHIMIE DU SOUFRE DANS DES SEDIMENTS DE L'ESTUAIRE DU 
ST-LAURENT ET DU SAGUENAY 

Andre Ouellet et Bj,rn Sundby 

La distribution verlicale du soufre (sulfate, monosulfures, pyrite) et de parametres associes (gran­
ulomctrie, carbone organique) fut mesuree dans des carottes provenant du Chenail Laurentien 
et du Fjord du Saguenay dans Ie but de decnre chimiquement les sediments et de calculer un 
taux probable d'accumulation de soufre dans les sediments de I'estuaire. 

Dans Ie Saguenay, Ie soufre s'accumule principalement sous forme de monasulfures de fer, 
atteignant la concentration de 3300 ppm, alocs que la concentration de pyrite n'excede jamais 
1800 ppm. Dans les sediments du Chenail Laurentien au contraire,la pyrite abonde (maximum : 
5000 ppm) alan que les monosulfures sont rares (maximum : 900 ppm). Ces differences sont 
attribuees a un taux de sedimentation beaucoup plus eleve dans Ie Saguenay que dans Ie Chenail 
Laurenlien. 
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La presence d'une couche sablonneuse localisee a 20 cm de profondeur, dansla carotte du 
Saguenay, est associee a une discontinuih'; marquee des parametres du systeme du soufce (% 
carbone organique, monosulfures, pyrite). 

Nous avons tente d'utiliser la distribution verticale d'un traceur recent (lc Mercure) pour 
calculer Ie taux de sedimentation dans les sediments du Chenail Laurentien. Cependant,la pro­
(ondeur ou la concentration depasse Ie niveau de base (environ 20 cm) est nettement affectee 
par I'activite des organismes benthiques. Le taux de sedimentation calcule de cette fa~on est si 
eleve qu'i1 est inacceptable. 

Si on suppose stables les taux de reduction du soufre et de sedimentation et qu'on accepte 
une valeur de 0.1 mm/an pour Ie taux de sedimentation,le calcul du tau x d'accumulation du 
soufre nous donne une valeur de 1-3 x 104 mg/{cm3 an). Ce resultat beaucoup plus faible que 
eelui trouve dans Ie Golfe de Californie s'explique par la petitesse du tau x de sedimentation et 
le (aible contenu en matiere organique. 

GEOCHEMISTRY OF SULFUR IN SEDIMENTS FROM THE ST LAWRENCE ESTUARY 
AND SAGUENAY FlORO 

Andre Ouellet and Bj~rn Sundby 

The vertical distribution of parameters related to the reduction of sulfate (granulometry, organic 
carbon, sulfate, sulfide, pyrite) was measured in cores from the Laurentian Channel and the 
Saguenay Fjord in order to describe the sediments chemically, and to estimate the rate of sulfur 
accumulation in these sediments. 

In the Saguenay sediment sulfur accumulates principally as iron monosulfide which reached 
a maximum concentration of 3300 ppm. The pyrite content never exceeded 1800 ppm. In con­
trast, pyrite was abundant in the Laurentian Channel sediment (up to 5000 ppm), while the iron 
sulfide content was low (less than 900 ppm). These differences are attributed to the higher rate 
of sedimentation in the Saguenay Fjord. 

A discontinuity in the vertical distribution of the parameters related to the sulfur system 
occurred at 20 em depth in the Saguenay core. This is related to a layer of sand at this depth. 

An attempt was made to utilize the vertical distriLution of a recent tracer (mercury) to 
measure the rate of sediment accumulation. However , the depth to which higher than background 
levels of mercury occurred (ca. 20 cm in the 5t Lawrence Estuary sediment), is affected by the 
activity of burrowing organisms. TIle calculation based on the mercury distribution therefore 
gave unacceptably high rates of sediment accumulation. 

A calculation of the rate of sulfur accumulation in the Laurentian Channel sediment, assuming 
constant rates of sedimentation and sulfate reduction, and using 0.1 mm/yr as an estimate of 
the sedimentation rate, gives I - 3 x 10-4 mg S/(cm3 yr) at a depth of 50 cm. This is much lower 
than corresponding estimates from the Gulf of California, probably due to the lower rate of 
sedimentation and the lesser content of organic matter in sediments of the St Lawrence system. 

OBSERVATIONS IN THE SUSPENDED MATIER MAXIMUM OFTHE 
ST LAWRENCE ESTUARY 

BJ,rn Sundby and Norman Silverberg 

The zone of high turbidity in the North Channel of the St Lawrence Estuary extends approxi­
mately 65 km downstream from lie d'Orleans, almost half the length of the channel and Oats 
region of the upper estuary. The zone was examined during periods of both high and low river 
discharge (early May and late November 1976), using STD profiling, gravimetric and particle size 
analysIs of suspended particulate matter. and bottom sampling. 

In May. particle concentrations on a station in the river itself were found to vary between 5 
• 25 mg/l over a tidal cycle. The pulses in concentration were generally homogeneous over the 
water column, and no distinctions were observed in the particle size spectra. On a station down­
stream of the zone, particle concentrations varied between 7 - 25 mg/I. In contrast, during the 
same cruise concentrations of 18 - 220 mg/I were observed in the zone of maximum turbidity. 
Temporal, longitudinal, and vertical variations were recorded within this zone during both sea-
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sons. The highest concentrations (up to 480 mg/)) were observed near the bottom and in the 
upstream end of the zone, and maximum concentrations at each station occurred during periods 
of low salinity (end of ebb, beginning of the flood. tides). In general, surface waters contained 
more fine particles (less than 4 micron), while bottom waters contained more silt particles (4 
- 30 micron). The STD data showed that the water column was stratified (although continually 
changing) over the tidal cycle, except for periods of I -2 hours just after the beginning of the 
flood. tide, when stratification broke down completely. Particle concentrations and size spectrum 
differences also broke down during these periods of intense mixing. 

SUSPENDED AND BOTTOM SEDIMENT INTERACTION IN THE 
MIRAMICHI EST ARY, N.B. 

Kate Kranck 

Grain size, concentration, organic·inorganic ratio, and flocculation state of suspended particulate 
matter was measured along with temperature salinity and currents in the Miramichi Inlet from 
fresh water to the open Gulf of St Lawrence. 

At the fresh·salt water boundary, the landward bottom and seaward surface currents retain 
particulate matter in the estuary owing to the settling of particles from the upper layer into the 
lower layer. More settling occurs during high tide than during low tide producing a well-developed 
turbidity maximum. Where concentrations increase above a critical value , flocculation promotes 
further settling and entrapment of fine-grained material. 

Comparison of grain sizes of suspended and bottom sediment samples indicates areas of 
deposition and dynamic interaction between the bottom and water. Some mud deposition occurs 
at both ends of the turbidity maximum. The loci of mud deposition is the Grand Dune Flats 
where deposition and resuspension occurs aSSOCiated with both seaward and landward moving 
currents. Their slightly divergent path in response to the Coriolis force can be traced in the pat­
tern of bottom sediment modal sites. 

THE CAUSE OF THE MID-DEPTH TEMPERATURE MINIMUM IN SOME B.C. INLETS 
M. R. MacNeill and G. L. Pickard 

A feature of the temperature structure in many of the major fjord inlets of the British Columbia 
mainland coast is a temperature minimum centered at 10 to 100 m depth in the spring to fall 
period. The thickness of the cold layer and the value of the temperature minimum vary from 
year to year. An attempt was made to test the hypothesis that the minimum results from winter 
cooling at the surface, particularly from outbreaks of continental arctic air flowing down the 
mlets, followed by warming from the surface during the following spring and summer, rather 
than from sub·surface advection in the water mass. In. the absence of serial meteorological ob­
servations in most of the inlets it was necessary to estimate the winter cooling from meteoro­
logical data from locations away from the inlets. We found a sufficiently close correlation 
between our estimates of surface cooling and the observed winter heat loss in the mid·depth 
layer in Bule Inlet to indicate that the hypothesis of surface cooling, with emphasis on the cold 
air outbreaks, is reasonable. More direct tests with meteorological observations in the inlets 
themselves would be needed to determine the relative importance of the different heat loss 
processes, i.e. radiation , evaporation. and sensible heat conduction. 

Session 0.4 Coastal processes 

SOME PERSPECTIVES ON COASTAL OCEANOGRAPHY 
D. M. Farmer 

Abstract not available. 
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FACTORS INFLUENCING TRACE METAL CONCENTRATIONS IN COASTAL WATERS 
P. A. Yeats, J. M. Dewers, and A. Walton 

Studies of trace metal distributions in eastern Canadian coastal waters have been conducted 
during the period 1970·76. The levels and variability of iron, manganese, cobalt, nickel, copper, 
zinc and cadmium in the waters of the 5t Lawrence Estuary and Gulf and the Scotian Shelf 
have been established. These results have been compared with corresponding data from other 
marginal seas and continental shelf waters. An attempt has been made to assess the sensitivity 
of coastal surface waters of eastern Canada to changes in the composition of freshwater runoff 
and the results are discussed in the context of monitoring of marine environmental quality . 

WATER EXCHANGE AT THE EDGE OF THE CONTINENTAL SHELF 
H. Sandstrom 

Given the locally wind~riven barotropic response of the water column, the topographically 
controlled response of the stratined system of shelf, slope, and adjacent deep ocean is inves­
tigated. With assumed longshore homogeneity, a two-dimensional model is used, including 
effects of both density stratification and variable bottom topography. Analytic solutions can 
be derived for some simple but representative bottom shapes. The structure of the solutions is 
discussed, with emphasis on aspects such as upwelling at the shelf edge with resulting intrusion 
of slope water on the shelf and the offshore length scale for the baroclinic response . 

A NOTE ON FREE OSCILLATIONS OF CHEDABUCTO BAY 
F. G. Barber and J. D. Taylor 

A short series of current observations at nine positions in Lennox Passage are analyzed using 
spectrum analysis techniques (maximum entropy, fourier periodogram, least squares), and com­
parisons are made with an analysis of sea-level data from Point Tupper and with output of a 
numerical mode) of the system. All of the analyses indicate short-period oscillations. The periods 
determined from the current and sea-level data match well and confirm the numerical model. 

The current observations were made during a period of relatively strong wind which led to 
the self-oscillations observed, at least that is the speculation. If so, then these natural modes of 
oscillation would likely occur in fairly short "bursts" when excited. A method of analyzing and 
presenting the data in order to examine this is given. 

Some tests of the maximum entropy method of spectrum analysis were made in the course 
of the project and include such topics as choice of filter length and shifting of spectral peaks. 

PHYSICAL OCEANOGRAPHY OF JAMES BAY 
S. J. Prinsen berg 

During the summer, the salt exchange between James and Hudson Bay is studied using oceano­
graphic station data (1972-75) within James Bay and in-situ current meter data across its entrance. 
The preliminary current meter analysis shows a mean outward drift ranging from 5 to 15 em/s 
in the eastern surface layers and a small 4 em/s inward drift in the bottom layers. These currents 
and salinity gradients suggest that the horizontal advection in the salt conservation equation can 
be, in places, two orders of magnitude higher than the horizontal diffusion. When the total cross­
section is considered, diffusion may become significant, since it is into the bay over the entire 
cross-section, while adveclion changes sign from the bottom to surface. 

TIle circulation of James Bay can be broken down into the Freshwater discharge mode required 
for disposal of the input of fresh water, the gravitational convection mode due to the density 
difference between fresh and salt water, and the wind-driven mode mostly confined to the surface 
layers. The gravitational and wind-driven mode mainly determine the circulation in James Bay. 
TIle wind-driven mode becomes the major contributor at wind strengths over 10 knots, as the 
resulting surface current can then reverse the direction of the gravitational surface drift producing 
a three-layered velocity profile. 
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The Coriolis effect, ignored in the analytical models, causes the isopycnals to dip down to­
wards the easlern shore. nle change in velocity with depth , calculated from the slopes of the 
observed isopycnals, correlates well with the observed vertical velocity distribution. 

LOW-FREQUENCY FLUXES OF MOMENTUM, HEAT, SALT, AND NUTRIENTS 
AT THE EDGE OF THE SCOTIAN SHELF 

Peter C. Smith 

Measurements of current velocity, temperature and salinity from a single moonng at the edge 
of the Scotian Shelf are analyzed for the period from December 1975 to April 1976. The sub­
tidal Reynold's stresses consist of contributions from the wind-driven circulations (periods 2-10 
days) and shoreward-propagating topographic Rossby waves (periods 10-30 days), which may 
be distinguished by the sign of the onshore momentum flux. Uniform divergence of these stresses 
across the shelf would not be significant to the general circulation. 

The subtidal variance of temperature and salinity at the shelf break is concentrated at the 
lowest frequencies as are the shoreward transports of heat and salt. If considered uniform at the 
open boundary, these fluxes would raIse the temperature and salinity of a slice of shelf water 
by roughly 1.0oC and 0.5 to 1.0% as it advected down the coast of Nova Scotia. 

Estimates of the nutrient fluxes at the shelf break are made by establishing a relationship 
between nutrients and TIS properties via the concentJation of dissolved oxygen. The shoreward 
transport of nitrogen is found to exceed Fournier's (1977) estimate of the springtime phyto­
plankton requirements on the shelf. 

Session M.4 Numerical modelling of the atmosphere Thur0830 - 1000 

A CANADIAN GCM 
G.1. Boer, N. McFarlane, and L. Steinberg 

A modest resolution GCM has been produced by combining the 5-level, spectral, CMC forecast 
model, after some rearrangement, with those physical calculations necessary for climate simula­
tion . These include calculations of long- and short-wave radiative heating rates, boundary-layer 
and surface-heat balance terms , and energy dissipation rates. In addition. a reasonably complete 
analysis package is required to analyze the simulation results. The model is described and pre­
liminary results of a winter simulation are presented. 

SIMULA nON OF THE ZONALLY AVERAGED ATMOSPHERIC CIRCULA nON 
N. McFarlane 

A two-level quasi-geostrophic zonally averaged model is used to simulate some features of the 
tropospheric general circulation . Eddy transports are parameterized in the model by means of 
baroclinic stability theory. Results from an attempt to simulate the annual cycle of the zonally 
averaged circulation will be presented. 

THE IMPORTANCE OF VERTICAL RESOLUTION IN PLANETARY WAVE MODELLING 
J. Derome, E. Kirkwood, and J. G. Desmarais 

The structure of forced planetary waves in a numerical model using a low vertical resolution 
has been compared with that of a model using a high vertical resolution. The difference has been 
found to be Significant, which raises the possibility that the use of a relatively low number of 
levels in current numerical weather prediction models may lead to important forecast errors on 
the planetary scale. A forecast experiment has been performed with a simple model using first 
a high and then a low vertical resolution. The difference , or forecast error of the low-resolution 
model, has been compared with the forecast error found in an operahonal model. Remarkable 
similarities have been observed. 
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A THREE·DIMENSIONAL STUDY OF ATMOSPHERIC FRONTOGENESIS 
G. V. Price 

A jet-based model is proposed to study the dynamics of the polar frontal zone jet stream system. 
Equations are developed to show that the potential temperature and surface pressure are suffi­
cient to determine the state of the model atmosphere in non-orthogonal stream axis coordinates 
with a normalized pressure-independent variable , subject to a condition of gradient flow in the 
direction of the jet. Three-dimensional approximating functions are used to represent the spatial 
dependence of the variables , and a Galerkin technique with an Euler-backward time extrapola­
tion scheme is used to advance the dependent variables in time. 

Three-dimensional (rontogenesis experiments are performed using a baroclinic zonal jet and 
a three~imensional perturbation of the type studied numericallY by Mudrick (1974). Subject 
to a suitable method of determining the curvature used to compute the gradient wind , the model 
is shown to develop both surface and mid-tropospheric frontal zones which compare well with 
the results obtained numerical1y by Mudrick. The surface frontal zones in the forecast expen­
ments arise from stretching and shearing deformation contributions to the horizontal fronto­
genesis, and the vertical circulation pattern that accompanies the deformation frontogenesis is 
thermally direct in nature. The mid-tropospheric frontal zones in the forecasts are found to be 
characterized by frontogenesis upstream of the front due to horizontal deformation effects and 
frontogenesis downstream of the front due to the "tilting" mechanism. The associated circulation 
patterns in the cross-front plane are therma1ly direct and indirect in the regions upstream and 
downstream of the front, respectively. Comparisons with wind and temperature gradients ob­
served in atmospheric frontal zones indicate that the model frontal zones are relatively weak. 
This is possibly due to the coarse horizontal resolution used in the forecast model, together 
with the mild strength of the zonal Jet in the initial condition. Modifications to the rate of de­
velopment of the forecast due to various streamline and trajectory curvature effects are con· 
sidered. 

EVALUATION OF NUMERICAL APPROXIMATIONS FOR ESTIMATING THE 
GROUND HEAT FLUX IN MESOSCALE NUMERICAL MODELLING 

John D. Reid 

Recent studies have indicated the importance of incorporating an interactive surface energy 
balance in numerical mesoscale models. Past models have incorporated a variety of approximate 
treatments of the ground heat flux component. An evaluation of these techniques for simple 
situations is performed which reveals problems with some of these approximations. A simple 
technique to optimize treatment of this flux component while minimizing computer storage 
requirements is recommended . 

Session M.S Climatology Thurl030 1200 

NATIONAL ARCHIVAL DATA FOR CLIMATOLOGICAL AND METEOROLOGICAL 
APPLICATIONS 

Jack Edward Donegani 

An outline of the primary and secondary data stored in the National Digitized Climatic Archive 
of the Atmospheric Environment Service of Environment Canada will be outlined, accompanied 
by a brief sketch of quality control and collection procedures. 

The utility programs of the AES Computing Centre will be examined with regard to derived 
output fields, such as frequency , stability, and statistical analyses. Internal and external users 
of these data will be discussed as well as the potential applicability of these records to a variety 
of areas, among which are air quality studies, climatological modelling, micro and mesoscale 
analyses, agroclimatological mapping, and construction engineering. The user community will 
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be made aware of new developments to enhance their accessibility to the data files for both 
retrieval and manipulation. 

NEW QUALITY CONTROL PROCEDURES FOR CLIMATOLOGICAL DATA 
D. W. Buss 

New procedures introduced into the data processing system in Central Services Directorate are 
outlined. These make greater use of computer power for time-space checks. Reference will be 
made to improved station history files, which will include some feedback as to the quality of 
archival data. A brief overview of plans to improve the efficiency and effectiveness of quality 
control on other AES observing networks will be given. 

A CLIMATIC CLASSIFICATION OF THE NORTHWEST TERRITORIES FOR 
RECREATION AND TOURISM 

R. B. Crowe 

This paper was prepared in 1970 by the AES for the Government of the Northwest Territories 
as part of an overview study of the total recreation and tourism potential of the Territories. 

The main climatic factors relative to recreational use of the Arctic will be discussed. These 
mclude how climate affects recreation and tourism , the nature of recreational activities in the 
Northwest Territories, and the impact of climate on regional access, on local access, and on 
outdoor activity in general. 

The development of a recreation-tourism climatic classification system will be given. A two­
season approach will be identified based on mobility, while the classification system will be de­
tailed. Examples will be shown of climatic classes and descriptive terminology charts at selected 
times during the winter and summer season. 

CLIMATIC CLASSIFICATIONS OF THE PRAIRIE PROVINCES 
J. M. Powell 

Various climatic or related classifications have been produced for all, or portions of. the Prairie 
provinces, often based on Koppen's or Thornwaite's system or modifications. Many of these 
ci:lsslficatiolls were discipline"riented - for example, (or agricultural activities - and were based 
on predetermined climatic parameter class limits or have included subjective biases with reference 
to vegetation or physiographic features. Examples of these classifications are given along with 
theIr uses and limitations for the area as a whole. 

Recently a factor analysis approach was used to establish homogeneous summer climatic 
zones for the forested areas of the Prairie provinces and was extended for the whole area on a 
more limited scale. This approach involved the use of over 300 stations for the years 1961 to 
1970, each with a matrix of 22 independent variables based on daily temperature and precipi­
tation records for the months May to September. These variables were used as input (or the 
factor analysis to develop eigenvalues and eigenvectors for each station and factor scores. The 
factor scores then became input for a hierarchical profile grouping procedure to delineate sta­
tions having similar summer climatic regimes. Discriminant analysis was then used to test whether 
the groups were significantly different, to establish the degree of stability within and between 
groups, and to position the boundaries between groups. This approach provide.; a more rational 
statistical process of analyzing climatic data and more efficiently delineates climatic groups than 
the more traditional a priori climatic classifications. 

LAPSE RATES IN THE LOWER 250 METRES NEAR WINNIPEG 
W.C. Bell 

This study is based on temperatures for the period October 1969-July 1972, obtained from as­
pirated platinum thermometers installed on a rural television tower near Winnipeg at heights 
of II, 61,122,163, and 247 m. 
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Lapse rate frequencies show increased grouping towards weak lapse conditions with increas­
ing height and the extremes are much less severe. Superadiabatic conditions increase sharply in 
spring and decrease in late autumn. Inversion conditIons show a maximum in winter/early spring. 

The percentage frequency of occurrence of superadiabatic conditions decreases rapidly with 
increasing height in winter but there is little change in summer. The maximum percentage occur­
rence of inversions decreases with increasing height . 

Values for the average lapse rate vary greatly . Winter midday lapse rates are less than the DALR, 
while summer conditions reach twice the DALR. The morning changeover to positive lapse rates 
occurs quickly, especially in summer. The annual average lapse rate for the year is an inversion 
close to the ground with neutral conditions at higher levels. Maximum values of positive lapse 
rates show great variations and can reach values of eight times the DALR in the 11-61 m layer , 
before decreasing quickly with increasing height. 

Inversion intensities are highest in the surface layer, and decrease with increasing height. Most 
inversions form in the late afternoon/early evening period, with much greater dispersion of times 
at higher levels. Inversion durations of up to 138 hours have been observed. 

Session M.6 Meteorological applications 

PHYSICAL VS MATHEMATICAL MODELS IN AGROMETEOROLOGY 
P. H. Schuepp 

Tltur 1430 - 1700 

An attempt is made to illustrate and summarize advantages and disadvangages of physical and 
mathematical modeling as a tool in agrometeorology, particularly for those meteorologists not 
working in that field . The main points are that 
-Unlike most other meteorological disciplines, agrometeorology contains a strong biological com­
ponent. Field experiments are therefore subject to simultaneous variations of meteorological 
and biological parameters. making it difficult to isolate effects of any given parameter of interest. 
Model experiments on the other hand allow controlled variation of parameters. 

-Mathematical models are based on the fundamental assumption that all physical laws governing 
the parameters and their interrelationship , as well as all boundary conditions. can be specified 
in mathematical language. This assumption has done miracles for Newton's falling apple, has 
encountered some difficulties in many meteorological applications (e.g. Numerical Weather 
Prediction), and may be even more difficult to satisfy for the complexity of canopy flow, not 
to mention biological pathways to mass and energy fluxes. The model could be said to approxi· 
mate complexity by simplicity. 

-Physical models of finite dimension in air or water encounter great difficulties in scaling the 
atmospheric boundary layer and the characteristics of now around vegetative elements at the 
same time. On the other hand, they do match the complexity of the real agrometeorological 
phenomenon by an almost equally complex (though not entirely realistic) physical phenomenon 
under approximately similar boundary conditions. 

The applicability of both approaches will be discussed. 

RELATIONSHIP BETWEEN THE SMALL NEGATIVE AIR IONS AND THE 
RESPIRATION OF MOUSE LIVER CELLS IN VITRO 

Dr Bhartendu 

In view of the central role of oxygen consumption in cellular metabolism, the effects of air ions 
on the oxygen uptake by mouse liver cells were studied. The mouse liver cells were isolated by 
dispersion of liver tissue in medium 199. Atmospheric ions were produced from a radioactive 
linear ion generator. The liver cells were exposed to small negative ions of varying concentrations 
up to the maximum value of 1-2 x 105 per ml. The oxygen uptake (respiration) was measured 
by an Oxygraph. The relationship between the ion concentration and oxygen uptake was found 
to be complex. The oxygen uptake increased by 14% when liver cells were exposed to ion con-
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centralions of values 1-9 times the normal, by 9% when exposed to 10-99 times the normal. and 
by 38% when exposed to 100-999 times the normal. Possible implications of these results to 
human health are discussed. 

IMPACf OF AIR IONS ON BIOLOGICAL ACTIVITIES OF PLANTS 
T. M. Elkiey, R. L. Pelletier, Bhartendu, and N. Barthakur 

A polonium-21 0 based linear ion generator and two glass chambers essentially formed the phy­
sical arrangement for controlled experiments to study biological effects of small air Ions on plants. 
Preliminary studies on barley leaves showed that the rate of photosynthesis of normal leaves, 
exposed to an atmosphere of small pOSitive air ion concentration of about 2 x 104 ions/cm 3, was 
higher than those of infected leaves similarly exposed. Respiration rate of exposed infected leaves 
was found to be lower than those of exposed normal leaves. These results will be discussed. 

Effects of air ions on germination of Helminthosporium teres, the fungus of the net blotch 
disease of barley, was studied under relatively high concentrations inside plant growth chambers 
in the phytorium . Spore germination was delayed by about 6 hours when the spores were exposed 
to positive air ions in the culture medium or sprayed on actual leaf surfaces; negative air ions 
produced no such effect. 

METEOROLOGICAL INFLUENCES ON THE DISPERSION OF GRAIN DUST INTO 
COMMUNITIES ON THE CANADIAN GREAT PLAINS 

S. R. Shewchuk 

The grain dust particles afe considered to have free-fall velocities similar to or greater than the 
commonly occurring vertical eddy velocities (Le. in the order of tens of cm per s). Here gravita­
tional settling is the controlling factor. An equation to predict the dispersion of particulate 
material over climatologically long periods in the order of months and years will be outlined. The 
diffusion equations have been effectively solved assuming that the eddy diffusivity is proportion­
al to height above the gound. The average rate of dust deposition was accounted for by consider­
ation of the fall speeds of dust fractions and the wind-direction climatology. The position of 
maximum deposition will get closer to the elevators as the falling speed of particulate matter 
increases. The source strength is determined by taking a given percentage of the mass of grain 
handled. 

The area about the dust source was divided into eight 45-degree sectors according to points 
of the compass. The fraction of the time per working month that the wind blows into this sec­
tor was determined by constructing a hodograph from hourly observations of wind speed and 
direction. Once-monthly wind frequency distribution, mean horizontal wind speeds, and volume 
mean diameter of dust particles were determined. A calculation was made for the mass of grain 
dust deposition in each sampler. It is seen that dust concentrations are predicted close to what 
is observed and the low virtual source heights produce more realistic data. The implication is 
that most of the settleable fraction of the grain dust occurs within the immediate vicinity of 
the elevator . 

Directionality of the wind has an enormous influence on the deposition of dust within a town. 
Since most prairie towns are located such that the grain elevators are established on one of their 
boundaries. the problem of grain dust contaimination levels in the town environment tends to 
be quite sporatic. Stability considerations were less critical, largely due to the fact that the study 
was confined to the winter months. large effects in this regard are to be expected on a seasonal 
basis. However it is fair to say that this study has considered the worst case as far as ground de­
pasilion is concerned. 

AGRICULTURAL WEATHER IN THE RED RIVER BASIN OF SOUTHERN 
MANITOBA OVER THE PERIOD 1800 to 1975 

T. R. Allsopp 

Meteorological information obtained from Hudson's Bay Company archives, explorers' and 
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settlers' diaries and journals, dendrochronological analysis, and lake level variations has been 
combined with instrumental data recorded at Winnipeg from 1872 to 1975 to derive a chrono· 
logical sequence of agricultural weather in the Red River Valley of Southern Manitoba over the 
period 1800 to 1975. TIle agricultural weather has been broadly categorized as dry , average, or 
wet. Generally, the climate has been favourable to agriculture for approximately the past 35 
years, and especially since 1964. A return to the past dry agricultural climate, which occurred 
in the 1840s. and from 1883 to 1894, or to the generally dry though variable 1920s and early 
1930s, or to the wet agricultural climate, which occurred in the 1850s and from 1815 to 1881. 
would have an adverse effect on crop production. 

DROUGHTS ON THE CANADIAN PRAIRIES 
Henry Stanski. Dale Henry, and H. M. Fraser 

The period July to December 1976 was the driest six-month period on record over the south­
eastern Canadian prairies. This extreme dry period is compared to other similar periods in the 
past 100 years. The effects on various economic activities and a method of utilizing climatic 
knowledge for planning purposes are discussed. 

PRECIPITATION NETWORK REQUIREMENTS FOR HYDROLOGICAL 
FORECASTING AN APPLICATION OF OBJECTIVE TECHNIQUES 

L. O. Mapanao and W. I. Pugsley 

TIle Atmospheric Environment Service is one of several provincial, state, and federal agencies 
engaged in assessing the application of World Weather Watch to operational hydrology in the 
Saint lohn River Basin the only North American basin so selected. One study described in 
this paper quantitatively measures the adequacy of precipitation networks on a seasonal and 
daily time scale to meet the requirements of water supply and river forecasting. Two methods 
are applied: one, independently of the observed precipitation field. physically defines a seasonal 
topographic index whose spatial variation determines gauge density as a function of a specified 
error tolerance; the second method, a modification ofGandin's statistical approach, specifies the 
areal representativeness of each reporting station in terms of the spatial and temporal variations 
of storm rainfall. 

In addition to satisfying the general WMO guideline requirements for the basin as a whole. 
these objective techniques pinpoint the particular needs of a sub-basin or region, and the area 
over which each observing station in the network can be used to estimate the mean precipitation 
within a given uncertainty. This study demonstrates the feasibility of simulating the spatial vari­
ations of a field from known physical relationships to assess the requirement without the necessity 
of first establishing a dense observational network. 

A REGRESSION MODEL FOR THE PREDICTION OF WIND INDUCED SET-UP 
ON LAKE WINNIPEG 

E. Einarsson, K. A. Fluto, G. B. Atkinson, and H. T. Beal 

Significant set·ups. one to four feet, were identified at the southern extremity of Lake Winnipes 
over a 10'year period. In order to predict the height of the perturbed water level, a regression 
program correlated the departures from the mean water level against pertinent meteorological 
parameters. The parameters empirically investigated included the mean sea-level pressure gradient. 
and the gradient of the heights of the 1000 and 500 mb constant pressure surfaces. Also consid· 
eeed was the cyclonic or anticyclonic curvature of the mean sea-level pressure distribution, as 
well as the effect of air stability over water. It was found that the set·up could be forecast.quite 
accurately using the gradients of the 1000 and 500 mb surfaces. The resultant regression equation 
is currently used to provide the Prairie Weather Centre with forecasts, twice daily, of the lake 
level up to 36 hours. The forecasts are fully automated and use as data input the 1000 mb analys· 
es and forecasts from the Canadian Meteorological Centre's spectral prognostic model. Also dis­
cussed is the result of a verification on one season's forecasts. 
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Session M.7 Boundary layer and mesometeorololilY Thur 1430 1700 

A MODEL OF THE ATMOSPHERIC BOUNDARY LAYER OVER AN EXTENSIVE 
SNOWFIELD AND ITS RELATION TO AIR MASS TRANSFORMATION OVER 
THE CANADIAN AND AMERICAN PLAINS 

Isidore Halberstam 

A numerical model of the interaction between the atmosphere and a snowfield has been develop­
ed. The model includes the various radiative, convective. and conductive fluxes that influence 
the snow and the overlying air mass. It attempts to simulate the turbulent processes that occur 
near the surface of the snow under conditions of varying atmospheric stability. Results indicate 
that warm air masses lose heat and moisture during the night , but little is regained during the 
day in winter through turbulent transfer of heat and moisture from the surface. Turbulence is 
fairly well damped during the night and surface temperatures tend towards radiative equilibrium. 
but occasional "bursts" bring the surface layer temperatures and wind back up again. Conclusions 
are inferred concerning the relative importance of evaporation as opposed to melt as a process 
of snow ablation. Conclusions are also drawn concerning the role of boundary-layer processes 
and their role in air-mass transformation over the Canadian and American Plains 

A MESOSCALE BOUNDARY-LAYER MODEL FOR THE STUDY OF 
UPSLOPE WEATHER OVER THE CANADIAN WESTERN PLAINS 

R. L. Raddatz and M. L. Khandekar 

A limited area numerical model (LAM) was developed to simulate upslope precipitation patterns 
over the Canadian Western Plains. Following Lavoie (1972) the atmospheric structure is repre­
sented by three layers: a constant flux layer in contact with the earth's surface, a well-mixed 
planetary boundary layer capped by an inversion, and a deep stratum of overlymg stable air. 
Averaging the set of governing primitive equations through the depth of the mixed layer yields 
predictive equations for the horizontal wind components , potential temperature, specific humidi­
ty . and the heiJht of the inversion. Time-dependent calculations are limited to this layer by 
parameterizing the interaction between the mixed layer and both the underlying and overlying 
layers. 

A 47.6 km by 47.6 km grid mesh of 1369 points covering the Prairie provlOces was used to 
represent the variables in the mesoscale. The governing equations are solved numerically with 
terrain influences, surface roughness , temperature variations, moisture fluxes. and the release of 
latent heat allowed to perturb the mixed layer from its initial condition. 

The mean spring topographic precipitation pattern was successfully reproduced by the simu­
lation of a shallow east-northeasterly flow over a warmer sloping surface. A case study based on 
observed initial conditions showed that the model could reproduce a limited convective precipi­
tation pattern maintained by upslope flow. 

The upslope component of extreme rainfall events over some Prairie river basins and the 
application of this LAM to short-term streamflow forecasting are discussed _ 

ON THE PREDICTION OF MESOSCALE WINDS AT YORKTON, SASKATCHEWAN 
AND VICINITY 

S. VenkateSh 

Application of a simple one-level primitive equations model to predict mesoscale surface winds 
at York ton , Saskatchewan and vicinity is described. The wmd prediction was in support of the 
launching of balloons to gather data from the stratospheric ozone layer. The effects of orienta­
tion of topographic features on the wind are investigated. A case study in the summer is exam­
ined in detail. 
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DETERMINATION OF SURFACE WINDS IN THE ALBERTA OIL SANDS 
AREA FROM A MESOSCALE MODEL 

John L. Walmsley and John D. Reid 

A three-dimensional mesoscale model of the planetary boundary layer is applied to the Alberta 
Oil Sands area . The effect of regional scale topography (the Birch, Muskeg and Stony Mountains, 
and the interlying upland plains) on modelled surface winds is examined for several different 
geostrophic wind directions. Relationships between surface wind directions calculated by the 
model at locations corresponding to Fort McMurray Airport and Mildred Lake are compared 
with observed correlations between the two weather stations. 

GATE CLOUD CLUSTERS - DYNAMIC AND CONVECTIVE STRUCTURE 
Catherine Gautier 

TIle long-term objective of this work is to provide a detailed description of the mass circulation 
and convective organization within GATE clusters on various scales. Such a description is ex­
pected to help understanding (I) the processes that organize and maintain (or destroy) deep 
convection; (2) how these processes are related to mesoscale forcings ; and (3) what is the feed­
back of cloud formation and intensification on mesoscale circulation. 

For this study a cloud cluster will be defined as a compact ensemble of convectively active 
cells or lines. The structure of the cluster and its internal organization will be analyzed from 
SMS I Satellite data (a combination of visible and IR data allows to determine and locate cells 
or lines). The structure of the cells or lines is expected to be deduced from a combination of 
in-situ data (radar , aircraft, and tethered balloons data) . 

Data of well-documented cases are being analyzed from a cloud-scale perspective and from 
a Jarger scale perspective. Early results of this analysis will be presented. 

A CRITICAL REVIEW ON THE SIGNIFICANCE OF THE DIABATIC INFLUENCE 
FUNCTIONS AND THE VON KARMAN CONSTANT 

A. K. La and G. A. McBean 

In studies of flux-profile relationships for wind velocity and temperature , the Monin-Gboukhov 
similarity theory for the constant flux layer is frequently used. There have been a number of 
widely accepted forms for the diabatic influence functions proposed in the literature. In many 
cases different values for the von Karman constant, k, were used to achieve agreement with ex­
perimental data. 

The objective of this study is to determine the differences in fluxes computed from the same 
profile data but using different flux-profile relationships. Possible reasons for these differences 
are also examined. 

EFFECTS OF AEROSOL INDUCED HEATING ON THE CONVECTIVE BOUNDAR Y LA YER 
A. Venkatram 

A two-stream solar radiation model was combined with a mixed-layer model of the PBL to study 
the effects of slightly absorbing aerosols on the thermal structure of the daytime convective 
boundary layer. A series of simulations were conducted with the model and the results showed 
that aerosol absorption increased the mixed-layer temperature while cooling the surface. As the 
effective albedo of the surface PBL was reduced to values below the surface albedo during the 
major portion of the day it was concluded that the primary effect of aerosols was that of warm­
ing of the earth PBl system. The results also showed that the growth of the mixed layer was 
relatively insensitive to aerosol participation because of negative feedback effects. It was found 
that an increase in surface albedo or surface wetness leads to an increase of the warming influ­
ence of aerosols. 
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FIELD MEASUREMENTS OF DR Y REMOVAL RATES OF AIR POLLUTANTS OVER 
VEGETATION SURFACES 

J. G. Droppo 

Determination of dry removal rates of pollutants from the atmosphere is a topic of concern in 
current regional air pollution modeling efforts. This paper describes field studies of dry removal 
rates over the semi-arid region found on the Hanford Reservation. Instrumentation and results 
are described for S02' NOx' NO, 03' and aerosol dry deposition systems. The experimental 
accuracy IS identified as an important consideration in evaluating the results of each test . The 
results of proof tests of aerosol measurement systems for direct field determination of sulfur 
removal rates are presented. The evaluation of the experimental accuracy of these results indi­
cate the technique IS viable. Deposition velocities are obtained in the order of a few centimetres 
per second. These are consistent with previous tests of aerosol deposition in wind tunnels. 

Session 0.5 Canadian arctic - research 

RECENT ADVANCES IN ARCTIC OCEANOGRAPHY (Invited Paper) 
E. L. Lewis 

Abstract not available. 

OCEANOGRAPHIC OBSERVATIONS IN PENNY STRAIT. NWT 
G. S. Peck 

Fri 0900 - 1210 

Penny Strait is aligned northwest-southeast between Grinnell Peninsula (Devon Island) and 
Bathurst Island. The average dimensions are 100 km long, 30 km wide, and 200 m deep. Results 
of data collected across one transect in Apnl 1916 provide an idea of the scales of motion and 
general physical oceanography of the strait. 

The mean internal pressure field, obtained by averaging four sets of data collected at six 
stations over two days, is characterized by a downward slope of the isopycnals from northeast 
to southwest and indicates net flow to the southeast. Fourteen hourly CfD profiles taken at 
two sites show internal waves of periods from three to four haulS. Since a transect took three 
hours to complete, there could be some contamination of the mean internal pressure field due 
to these higher frequency effects. 

Power spectra of the current records (18-23 days). obtained 1-2 m beneath the ice, show 
peaks at tidal frequencies up to the seventh diurnal. Although the sixth is small, there is an 
increase in energy at the seventh diurnal frequency which could be due to a reinforcing of the 
signal by bathymetric effects and may be the source of the internal disturbances noted in the 
hourly profiles. 

Total current speeds reached 60 em/s, of which tidal contributions were 30-35 cm/s. A low­
pass filter was applied to remove the tidal frequencies (periods less than 25 hours), leaving an 
oscillating current of four to eight day periodicity and amplitudes of 25 cm/s. While the total 
records were shorl, this motion appears to be related to atmospheric systems. TIle net currents 
were 5 cmls to the southeast. 

OCEANOGRAPHIC OBSERVATIONS IN BARROW STRAIT, NWT 
R. H. Herlinveaux and D. B. Fissel 

Vertical profiles of current speed and directions, temperatures and salinity were observed in the 
eastern portion of Barrow Strait in 1973. The measurements were made in April through a solid 
ice cover and again in August and September under open water conditions. In April , repeated 
current profiles at one position showed that the currents through the upper 50 m of the water 
column are variable in direction with speeds up to 47 cm/s. In many of the profiles, a pronounc-
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ed vertical shear in the current was observed at depths between 10 and 20 m. The salinity was 
nearly uniform through the upper 20 m with a pronounced halocline between 20 and 45 m depth. 
The uPjer 2S m of the water column was near the freezing point while a temperature maximum 
of -1.4 C was often found at about 60 m depth. In the open water conditions of August and 
September, the halocline was found to be nearer the surface at depths of 20 m or less. Over a 
period of two days, time series measurements of current profiles observed in Barrow Strait off 
Gascoyne Inlet revealed a westerly current with a typical speed of 50 cmls in the upper layer 
above the halocline . Below the halocline the currents were reduced in strength and more variable 
in directIOn. The relation of these oceanographic observations to the tidal height and wind mea­
surements will be discussed. 

WATER STRUCTURE IN THE GREELY FIORD SYSTEM 
R. A. Lake and E. R. Walker 

The water structure in channels of the northwestern part of the Canadian Arctic Archipelago is 
described, and is shown to be very similar to that of water offshore in the Arctic Ocean. The 
water in the Greely fiord system is characterized by a persistent layer of warmer water at shal­
low depths. The reasons for this warm layer are discussed with the aid of one-dimensional heat 
balance modelling. In parts of the Greely system containing sea-level glaciers. an anomalously 
cold layer is ascribed to cooling on the bottom of the glacier longue. An attempt is made 10 
relate these features to estuarine circulations in the system. 

RECTILINEAR LEADS AND INTERNAL MOTIONS IN THE ICE PACK OF 
THE WESTERN ARCTIC OCEAN 

J. R. Marko and R. E. Thomson 

Large-scale (l00 km) rectilinear lead patterns are a common feature of the Arctic Ocean ice 
cover. We show that many of the characteristics of these patterns can be explained by analogy 
with rock mechanics. In particular. the existence of two intersecting leads sets, the typical inter· 
section angles of 2ft and the observed relative shearing motions are consistent with faulting as· 
satiated with semi-brittle failure . Further support for this explanation has been obtained using 
NOAA and Landsat satellite imagery over an approximately 100 km square area of the Beaufort 0 

Sea. These proVide coverage of two days of ice deformation prior to the formation of a lead at 14 
10 the axis of compression. Strams of 4%- over the twooday period are within the range attributed 
to rock distortion precedlOg semi-brittle failure. Finally. we suggest that the range from brittle 
to plastic Iype behaviour IS feasible within the Arctic Ocean sea-ice. depending upon the applied 
rate of strain and/or the ambient confining pressures. 

THE WINTER ENERGY REQUIREMENT OF AN OPEN WATER CHANNEL IN 
THE GULF OF ST LAWRENCE 

Fabiola Renaud 

The available heat energy of the Gulf of St Lawrence in the fall was calculated. From these cal­
culations potential open water sites were selected. 

Allocations along the Laurentian Channel, winter energy budget calculations were carried 
out for an open water lead by means of a computer model. lee was not allowed to form, and 
when the limiting temperature of -1.~C was reached, mixing of water from below was induced. 
It was found that if the heat from the deep laurentian Channel was not spread over a large portion 
of the GUlf. it was su(ftcient to prevent the ice formation even under rather severe meteorological 
conditions such as the winter of 1971-72 along the Laurentian Channel between Gaspe and Anti­
costi Island to Cabot Strait. 

For sites in the Estuary, the available energy did not seem large enough to extend the open 
water season later than early March. For average winter temperature. however, Ihe total winter 
loss was approximately 20% less than the cold winter 1971-72. This makes it more feasible for 
the deepest section of the Estuary to remain ice free during a whole winter. Also early fall rnix-
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mg from below the cOld-intermediate layer was found to be quite effective as it delayed the 
onset of Estuary ice by more than three weeks. 

Session M.8 Solar and wind energy 

WIND POWER AND SOLAR ENERGY RELATED TO A SUBURBAN OR 
FARM HOME 

A. H. Lamont 

r ri 0830 1000 

With rising concern over energy prOblems, the use of wind power and energy from the sun directly 
becomes a subject of mterest. The possibility of utilizing these power sources in local installations 
to meet the needs of a home in the country in a place where the natural surroundings are likely 
to be favourable have been investigated. The paper is concerned with making a comparison between 
energy needs and the energy that might be obtained from a modest installation usmg the energy 
of either or both of the wmd and sun dlJectly . 

SOLAR POWER IS IT THE ANSWER FOR REMOTE SITES? 
R. Van Cauwenberghe 

Solar charging of batteries operatmg low-powered systems in remote locations is becoming cost 
effective. The amount of energy available for this purpose though, has been difficult to predict 
and has thus limited its use. A quantitative method resulting in predicted cell outpul and optimum 
cell inclination is presented. II is based on observations of co-located global solar radiation sensors 
and photo-voltaic solar panels. Since global solar radiation IS the most commonly measured radia­
tion parameter this technique permits solar power predictions for most areas of Canada. 

MODELLING SOLAR RADIATION FOR DA YS WITH CLOUD 
P. W. Suckling and J. E. Hay 

A new cloud layer-sunshine model IS presented to calculate daily totals of solar radiation . Input 
to this model includes cloudless sky solar radiation and its direct and diffuse components as 
calcu lated by the procedure of Suckling and Hay (1976). The differences between this new 
model and the cloud layer-only model of Davies et al. (1975) are shown in diagrams and equa­
tions. This new model has the advantage of calculating the direct and diffuse components separ­
ately . However, the new model requires the additional information of hourly values of total 
sunshine as well as cloud-layer amounts and cloud types required by the Davies model . 

The performances of the DaVies model and this new model for calculating daily totals of 
solar radiation at Goose, Nwfd, Edmonton, Alta , Summerland, B.C., Vancouver, B.C., and 
Sandspit, B.C. for the period 1968-70 are discussed and compared. Performance by the Davies 
model showed average root mean square error values ranging from 12.2% for Summerland to 
22.9" for Sandspit (1.48 to 2.25 MJ m-2 day .J in absolute terms) with an overall average of 
17.9%. The new model showed improvement for every location with average root mean square 
error values ranging from 10.4% for Summerland to 16.7% for Edmonton (1.25 to 2.02 MJ m-2 

day -I in absolute terms) with an overall average of 14.2%. 
The performance of the new model for estimating daily totals of the direct and diffuse com· 

ponents of solar radiation at Goose is also shown. Whereas solar radiation was estimated with a 
root mean square error of 15.3% (1.67 MJ m-2 day -I), the direct and diffuse components had 
much higher relative errors (28.7% and 30.4% respectively) but similar absolute errors (1.43 and 
1.19 MJ m-2 day -I respectively) . 

For S· and I Q-day averaging periods, the new model stiIJ showed slight improvement for solar 
radiation estimation compared to the Davies model. Performance for daily means averaged over 
five days was 8.8% on the average with all locations better than 11.6%. For 10-day daily means. 
solar radiation was estimated within 10.4% at all locations with an average performance of 7.6%. 
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FLUX-GRADIENT RELATIONSHIPS OVER SNOW 
R. J. Granger and D. H. Male 

On the basis of data collected at the Bad Lake micrometeorological installation located in the 
southwest region of Saskatchewan during three consective spring-melt periods, the Oux-gradient 
relationships for heat and water vapour are investigated. The results indicate that the ratio of 
transfer coefficients for heat and momentum, Khl Km. remains constant and equal to unity In 

the stable range 0 :s;;.Z/L <; 1.0. For the unstable range 0 ';3: ZIL > -0. t. the ratio KhlKm in· 
creases with increasing instability according to Kh/ Km {l .58 Z/ L)25. 

The analysis for the transfer of water vapour is based on the direct measurement of evapor­
ation obtained with the use of a weighing Iysimeter. The results indicate that the ratio KefKh 
is generally less than unity . and can be as small as 0 .5 . No universal relationships are presented 
since the transfer coefficient for water vapour is influenced by external factors such as the sur­
face boundary condition and the large-scale circulation. 

During each melt period all energy fluxes were measured independently on a 24-hr basis. It 
is shown that use of the derived relationships for the transfer coefficients significantlY reduce 
the total error in the energy b udget. 

ON TH~ DEVELOPMENT Of SECONDARY CIRCULATION IN THE CANADIAN ARCTIC 
E. R. Reinelt and 8. C. Green 

Climatic contrasts are sharply displayed in the Canadian Arctic, particularly as they ensue from 
variations 10 the thermal structure of the lower levelS of the atmosphere. With the melting of 
the snow cover in summer, great differences appear in the albedo of land and sea. Temperature­
sliced satellite IR imagery reveals the presence of strong temperature gradients along the Arctic 
coast, and along the shores of the more southerly Arctic islands, especially Banks and Victoria . 
The marked temperature contrasu give lise to a compJicated pattern of secondary circulations, 
including a pronounced sea-breeze regime, thermal lows, and vorticity transport fror. sea to land. 

Session M.9 Air quality Fri 1030 1200 

THE DlSTRI8UTION Of ATMOSPHERIC SULPHATES IN CANADA AND ITS 
RELATIONSHIP TO LONG·RANGE TRANSPORT OF AIR POLLUTANTS 

Y. S. Chung 

Analysis of the distribution of airborne sulphates in Canada has been carried out using data ob­
tained for April-May 1975. Present observations indicated that atmospheric sulphate loadings 
were relatively lower «8 J1. g m-3) in the western provinces, while high values <> 15 J1. g m-3) 
were frequently observed in the eastern provinces. The natural background level of ambient 
sulphates appeared to be less than 1.51J g m·3 in Canada. 

The analysis also suggested that the observations could be subdivided into three types of 
typical synoptic situations with associated sulphate levels: (a) extra tropical cyclones, or cold 
northerly flows (low sulphates): (b) in the rear side of anticyclones (high sulphates) ; and (c) 
quasi-stationary front s (mixed). Air-parcel trajectory analysis of the low-level atmosphere showed 
that high sulphate levels were often associated with S-SW airflows on the rear side of a warm air 
mass. The results indicated the long-distance transport of airborne sulfur pollutants, mainly from 
several industrial areas in the USA. 

PLUME DISPERSION AND ASSOCIATED TUR8ULENCE CHARACTERISTICS FROM 
A LARGE INDUSTRIAL SITE IN THE ATHABASCA OIL SANDS 

D. S. Davison, C. C. Fortems, and K. L. Grandia 

During March 1976, an aerial plume survey was conducted about the effluent plume from the 
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Great Canadian Oil Sands (GCOS) development in the Athabasca Oil Sands in northeastern 
Alberta. Airborne measurements were made of S02 concentrations, of the plume structure, and 
of the associated turbulence intensities and fluxes. This study was part of the multi·year Alberta 
Oil Sands Environmental Research Program directed by the provincial and federal governments. 

The observed plume dispersion coefficients showed various discrepancies from the widely· 
used Pasquill-Gifford vaules. These differences could be attributed to the combined effects of 
multiple sources at the ecos site and enhanced dispersion due to topography. The plume spread 
coefficients. non-dimensionalized by the appropriate component of the turbulent velocity stand· 
ard deviations, were compared with the predictions of Taylor's dispersion theory for homogene­
ous turbulence. The observed plume spread in both the vertical and lateral directions exhibited 
the predicted one-half power dependence on the total dispersion time. The use of this type of 
data for evaluating Pasquill's universal dispersion functions is discussed. 

CALCULATIONS OF SEASONAL AND ANNUAL POLLUTION CONCENTRATIONS IN 
THE ALBERTA OIL SANDS 

John L. Walmsley and David L. 8agg 

A long· term joint frequency distribution of winds in the Alberta Oil Sands area is computed from 
the statistics of the wind conelation (stratified by direction, speed, and thermal stability) between 
Fort McMurray and Mildred Lake. This joint frequency distribution is used along with source 
emission data as input to the Climatological Dispersion Model (COM) which computes long·term 
pollution concentrations. The COM has been modified to incorporate terrain features and results 
of calculations with terrain are compared with those obtained from the unmodified version. Cal· 
culations are performed incorporating both existing and future pollution sources. 

A PRELIMINARY EXAMINATION OF POOR AIR QUALITY LEVELS IN CALGARY IN 
RELATION TO MOUNTAIN GENERATED WIND SYSTEMS 

Douglas Leahey 

The city of Calgary, ~hich has a population of about 450,000 people, is located in southern 
Alberta amid irregular terrain about 80 km east of the Rocky Mountains. Its air quality is influ· 
enced by wind systems that are generated to some extent by the mountains. The two such 
phenomena that are most noticeable in its wind climatology are the Chinook and diurnal wind 
variations. The Chinook is popularly identified as a strong warm westerly wind while the diurnal 
wind variations are associated with daily predIctable changes in wind direction. 

Calgary's air quality has sometimes been unfavourably compared with that of Edmonton 
which is similar in size but has appreCIably more industry. Edmonton is located on flat terrain 
about 270 km north of Calgary and 280 km east of the Rocky Mountains. The influence of these 
mountains on the behaviour of observed wlRds is much less in Edmonton than in Calgary. 

This report presents the results of a preliminary investigation into the manner in which the 
presence of the nearby mountains might adversely affect air Quality in Calgary. The study has 
involved a detailed comparison of meteorological data collected from instrumented towers in 
Edmonton and Calgary for the two winters 1914·75 and 1915·16. An examination has been 
made of poor air quality days which occurred in Calgary during these two winters. Poor air Quali' 
ty days have been defined as those on whIch observed hourly average ground-level carbon monox· 
ide concentrations in downtown Calgary exceeded the Alberta government standard of 13 ppm. 

The examination showed that Calgary's poor air quality episodes tend to occur in the evening 
during synoptic situations typified by light south·southwesterly geostrophic winds at the surface. 
The episodes appear to be related 10 the tendency for northwesterly katabatic winds to occur in 
the late evening. The forces which produce these winds counterbalance the existlRg synoptic hori­
zontal pressure gradient forces leading to a stagnating air mass with a consequential high meteor­
ological urban air pollution potential. 

Results of the investigation also indIcated that the Chinook has a beneficial effect on air quality 
levels in Calgary. This result was expected as Chinooks arc associated with relatively high winds 
and hence low meteorological urban air pollution potentials. 
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INFLUENCE OF IONS IN GAS·TO·PARTICLE REACTIONS 
D. Corr, G. Diamond, C. Banic and 1. V. lribarne 

It has been found that atmospheric ions can catalyse nucleation of solid particles produced by 
a gaseous reaction. 

A set of preliminary measurements has been obtained fOl two gaseous systems: (A) HCI­
NHyH20 and (8) SOrNH3·H20. The reactant gases are introduced into 3 stream of purified 
air as carrier gas, at variable humidities and reactant concentrations. Nucleation is followed with 
a General Electric condensation nuclei counter, and nucleation curves as a function of concentra­
tion ate obtained. 

It has been found that in system A, for equimolecular concentrations of reactants. the tlues­
hold for reaction is considerably reduced by negative ions, while positive ions are almost inactive . 
In system 8, nucleation starts on the walls (concentrations in the order of 100 ppm) before a 
threshold for homogeneous nucleation is reached . Production of ions in the stream lower this 
threshold to -0.5 to 10 ppm, varying with humidity. The action may be due to secondary radi­
cals rather than the ions themselves. 

Session 0.6 Canadian arctic - operations Fri 1400 1710 

INDUSTRY AND GOVERNMENT CONSTRAINTS AND 
REQUIREMENTS IN ARCTIC OPERATIONS (Invited paper - Tentative Title) 

A. E. Collins 

Abstract not available . 

SATELLITE DATA RETRANSMISSION FOR ARCTIC STUDIES 
R. A. Atkins and R. H. Goodman 

The ever-increasing demand for hydrocarbon resources has extended the search for oil and gas 
to even more remote regions of the earth. In such areas, the collection of environmental and 
engineering data becomes difficult and expensive. The Canadian Arctic presents an additional 
challel'lge of extreme environmental conditions, which further complicate the data collection 
process. 

11lere are essentially three approaches to Arctic data collection: manned observation posts. 
unmanned data acquisition systems, and data telemetry. The cost of manned systems precludes 
their use in a data network, hen ce unmanned systems have been developed. Remote recording 
systems are inexpensive, but due to the harsh environment , suffer from a moderate rate of fail­
ure. This can result in the unacceptable loss or invalidation of data. 

For short distances from a base camp, VHF telemetry system can be used, but for truly 
remote operation, satellite-based data-retransmission systems are an ideal solution. This paper 
will describe the use of GOES and NIMBUS six data platforms operating in the Arctic and off­
shore labrador . TIlesc platforms have been used to retransmit meteorological , oceanographic, 
and ice data from remote locations for two seasons. 

Techniques and applications will be discussed and a description of the hardware required 
will be presented. Typical data will be used to illustrate the methods . 

THE BEHAVIOUR OF OIL IN ICE·COVERED AND ICE·INFESTED SEAS 
G. D. Greene 

Oil and gas exploration activities in the western Arctic have progressed in recent years from 
land-based operations, to drilling from artificial islands in the shore-fast zone, and from drill 
ships further offshore in the active ice zone during the open water season. Environmental factors 
such as low temperatures. poor visibility. and storms make exploratory drilling difficult. Exten-

Abstracts I 38 



sive engineering studies and design work are necessary to ensure the integrity of structures and 
vessels against sea-ice forces. These factors markedly alter the behaviour of oil released to the 
marine environment, and may hamper clean-up operations. 

Oil in the natural environment is weathered and transported by the processes of evaporation, 
dissolution, biodegradation, dispersion, sedimentation, and emulsion formation. At low tempez­
atures evaporation and biodegradation are greatly slowed. Oil trapped in ice is shielded from 
evaporation and dissolution. On seawater at temperatures near (fc, crude oil stabilizes at a much 
greater thIckness than in temperate waters due to a zero or negative spreading coefficient. The 
range of equilibrium thicknesses which have been observed is 0.1 to 1.0 cm. Thus an oil slick on 
cold water would cover a smaller area than in temperate regions. facilitating containment and 
recovery. 

Oil spilled onto a smooth ice surface reaches a relatively large equilibrium thickness, 0.3 and 
1.0 cm. However, as sea ice tends to be rough and somewhat porous, oil pooling, dependent on 
ice-surface topography and absorption into the surface of the ice, may dominate spread 109. The 
result is some measure of natural containment of spilled oil governed by ice-surface features. 

Oil under ice comes to rest at the ice ·water interface. where it has a strong negative spreading 
tendency. The slick thickness ranges from 0.5 to 1.3 cm under smooth ice. Since the under sur­
face of sea ice is irregular, oil may form thicker pools at depressions and between keels. lee growth 
continues under an oil slick, trapping the oil in lenses in the ice. This may aid control operations 
by reducing spreading. While land-fast ice prOVides a temporary, stable sink for the oil, ice in the 
active zone which is moving, may spread this trapped oil over a larger area. 

During spring melt, brine channels form in first-year ice and permit the oil in these lenses to 
migrate to the surface, where it can be collected or burned in situ. This does not occur in multi­
year ice. 011 recovery in such a situation from in or under ice, is difficult. 

Clean-up techniques are still very limited. Experimental burning has been successful. No pres­
ent equipment has proven effective in ice-infested waters. The approach has been to adapt clean­
up equipment developed for temperate regions. A major industry-government research program 
is now proposed to develop equipment and methods more suitable to the conditions dictated by 
ice and temperatures. 

THE BIOLOGICAL OCEANOGRAPHY PROGRAM FOR IMPERIAL OIL IN 
DAVIS STRAIT 1976-77 (Tentative Title) 

Shirley M. Conover. and Evan Birchard 

Abstract not availa ble. 

EFFECfOF FLUORIDE ON PHOSPHORITE SOLUBILITY BEHAVIOUR IN SEAWATER 
Scali MacKnight 

The solubility behaviour of phosphorite in seawater was investigated. Exposure of phosphorite 
to solutions of altered nuoride ionic activity led to the formation of new phases at the solid­
solution interface. As reaction proceeded, changes in the mineral surface were monitored by a 
number of analytical techniques (ESCA, SEM). Re-exposure 10 regular seawater showed that 
these new phases could be altered to yet other phases as a result of the change in the chemical 
environment. The alteration in solution nuoride ion activity was also found to decrease pressure­
induced dissolution of phosphorite. The altered surface, and not the bulk mineral phase, was 
found to control subsequent solubility behaviour and dissolution kinetics. 

TURBULENT DIFFUSION VARIABILITY AND THE MARINE ENVIRONMENT 
D. P. Krauel 

Numerical values of horizontal and vertical eddy diffusivities, determined by diverse methods, 
vary temporally and spatially in the ocean. This variability has been attributed to many factors 
such as wind. current shears, wave, stratification, boundary innuences, and depth. A model is 
developed which draws together the results of both theoretical and experimental investigations 

Abstracts I 39 



into the dependence of the diffusivities upon readily measureable environmental factors. Some 
interesting features of diffusing plumes in diverse marine environments afe predicted by the 
derived model. 

ENVIRONMENTAL PREDICTIONS FOR ARCTIC MARINE OPERATIONS 
J. C. O'Rourke 

Canmae is a Calgary based company that operates a fleet of three ice-reinforced drillships. four 
icebreaker supply boats, two supply boats, one tug boat, three barges, three helicopters, and one 
fixed-wing aircraft for the purpose of drilling exploratory wells in the Beaufort Sea in Canada's 
arctic. The polar ice pack is continuously within 100 mi or so of the drill fleet while it is drilling 
exploratory wells in the open water that exists between the land and the polar pack . Canmar 
operates an environmental monitoring and prediction system to predict the state of ice, wind , 
and waves in the vicinity of its operations. The system consists of automatic weather stations on 
the pack ice. radio ice stations to track ice floes up to SO mi away from the drills hips, current 
meters, wave buoys, a radar and video equipped aircraft , and a shore base office staffed full time 
by three meteorologists with full communications with the Canadian weather office in Edmonton 
which provides up-to-date weather charts and satellite photographs of the operating region. 

This presentation describes the basic details of the prediction system and its performance dur­
ing the 1916 drilling season. Canmar's warning and action plan for ice operations are described. 
The division between government and private industry responsibilities for development and imple­
mentation of environmental prediction systems is discussed. The need for additional ice and 
weather observations for the Beaufort and Arctic Islands is discussed. Based on Can mar's recent 
experience, eight conclusions are drawn concerning federal responsibility , performance of moored 
drillships, ingredients for environmental prediction in ice-infested waters , and areas in which there 
are immediate needs for more data and/or research . 

Session M.I 0 Cloud physics Fri 1330 - 1500 

THE THERMODYNAMIC AND DYNAMIC EFFECTS OF CUMULUS CLOUDS 
OBSERVED IN AMTEX '74 

H. R. Cho and T. C. Yip 

The large-scale heat , moisture, vorticity, and potential vorticity budgets have been analyzed for 
a warm period (14-16 February) of the Air Mass Transformation Experiment of 1974 (AMTEX 
'74). 

During the analyzed period, the observational area was capped by a strong temperature inver­
sion layer lying between 800 mb and 720 mb. The results of the large-scalc heat and moisture 
budget analyses indicate that there were strong convective activities during the period. Cumulus 
clouds have strong cooling and moistening effects near the inversion layer and heating and moist­
ening effects in the layer of air below the inversion. Through cloud population analysis, it was 
found that the atmospheric air near the inversion layer was completely recycled by cumulus clouds 
about once a day. This recycling rate increased to about 3.7 day-I near the cloud base level. This 
was much stronger than what is usually observed in a typical trade-wind weather situation. 

The large-scale vorticity field showed a pronounced minimum near the inversion layer. The 
potential vorticity budget analysis indicates that cumulus clouds tlansported potential vorticity 
from above the inversion into the layer of air below the inversion. The total cumulus cloud mass 
flux determined through the large-scale potential vorticity budget agrees favourably with that 
determined through heat and moisture considerations. 

EMPIRICAL RELATIONSHIP BETWEEN PARCEL CONVECTIVE ENERGIES AND 
MAXIMUM RAINFALL RATE 

C. U. Ro and I. L Zawadzki 

Parcel convective energies have been correlated with daily maximum rainfall rates in the Montreal 
area. The rain rates were obtained from records of 14 gauges in conjunction with radar data . For 
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calculations of energies the Maniwaki soundings were combined with daily maximums of surface 
wet-bulb potential temperatures as given by four standard surface stations in the Montreal region. 
With data from two summer seasons the correlation between surface parcel energies and maximum 
rain rate is very high, providing a useful forecasting method as well as suggesting means of rain 
parametrization in cloud convection studies. 

SIMULATION OF GRAUPELGROWTH IN A LABORATORY CLOUD CHAMBER 
M. M. Oleskiw and E. P. Lozowski 

Graupel particles are now beheved to playa Significant role in the hail and cold-rain formation 
processes. Although various hypotheses have been advanced to explain the growth of conical 
graupel. they have received little experimental verification. We therefore devised a laboratory 
cloud chamber simulation experiment to examine the 1973 hypothesis of Knight and Knight. 
that several conical graupel embryos are formed Simultaneously near the corners of a hexagonal 
plate . and that they subsequently break off to grow independently. 

A unique sprayer system was built to produ\."e a droplet cloud with a mass median diameter 
between 7 and 15 .u m, and with a liquid water content of up to 3 g/kg. A nylon hexagonal plate 
of diameter 1 mm and thickness 50 JJ m was attached to the tip of a very fine needle and rotated 
on the end of a boom through the cloud at speeds of 50 to 250 em/s. The air temperature for 
different experiments varied between ·5 and -18C. Possible electrical effects were ignored. 

The experiments confirmed that the initial riming on these simulated hexagonal ice crystals 
occurs at the edges and primarily near the corners of the plate. As the individual corner deposits 
continue to grow, they fan out into the wmd, but possess few,lf any, common points of attach­
ment. This structure has little mechanical strength, and with time fracture has been noted to 
occur at the point of attachment to the plate . The deposit densities were in the range 0.05 to 
0.2 g cm-3, and they showed a tendency to increase with increasing velocity and temperature. 
Although the calculateQ collection efficiencies were relatively high (a mean of 0.5 for all experi­
ments), no consistent relationship to temperature or velocity was found. 

THE FATE OF ELECTRICAL CHARGES IN CLOUD DROPLETS 
B.A. Thomson and J.V. Iribarne 

Thunderclouds act as electrostatic generators that separate massive amounts of charges of both 
signs into different regions. with the charges residmg mainly on cloud droplets and ice particles. 
While from a macroscopic point of view the ch, rged regions become neutralized partly byelec· 
trical discharges and partly by ion currents, the problem remains of understanding the evolution 
of charges in the individual charged particles. When the cloud droplets evaporate. the charges 
must either remain on the solid residue which is left , or else leak off IOta the air. We have con­
sidered the relatIVe efficiencies of three processes whicb may discharge a cloud droplet as It 
evaporates: (1) capture of ions of the opposite sign ; (2) Rayleigh instability; and (3) ion eva­
poration. 

The first process ought to be rather ineffiCient in a cloud due to the Jaw conductivity of the 
air. The second process will always occur before the thlCd for drop radii greater than about 0.01 
JJ m. The maximum cloud droplet charges that have been measured in a thundercloud would 
require a 5 JJm radius drop to evaporate to a radiUS of 0.037 J.L m before charge loss could occur 
by Rayleigh instability. Drops in the vicinity of lightning channels and in screening layers may 
become highly charged by capture of ions of one sign in a large electric field. A drop of radius 
R which is charged to a fraction f of its saturation in a field of £ V 1m. and which contains a 
solute of dry density pg/cm3 in a concentration of xmg/ l, may only lose charge (by the Ray­
leigh process) when it evaporates if. 

R > 3.6 X J03 x ["2 £-2 
p 

It appears that only for highly charged droplets composed of rather pure water will charge 
loss occur. In all other cases the droplets shOUld leave their charge on the solid residue when 
they evaporate. This charge will be ultimately transferred to the air by capture of ions of op­
posite sign , leaving a free excess of compensating ions in the air. 
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COMPARISONS OF CALCULATIONS AND OBSERVATIONS OF ICE CRYSTAL 
GROWTH FOLLOWING SEEDING 

J. W. Strapp and H. G. Leighton 

For the past several years, the Atmospheric Environment Service, The National Aeronautical 
Establishment. and The Canadian Forestry Service have been involved in a joint program to study 
the feasibility of inducing precIpitation in cumulus clouds by Agl seeding. The immediate eeo­
nomi~ incentive would be the suppression of large fires by downwind seeding of suitable clouds. 

The Yellowknife Cumulus Seeding Experiment has provided detailed microphysical informa­
tion of rapid particle growth after seeding in several cases. The rate of growth of these particles 
has been compared to predictiom of an ice crystal growth model, and good agreement has been 
found. The model has also been useful in estimating the delay in activation of the Agi in these 
cases, and has provided evidence supporting aggregation of crystals in two cases studied. 

Session M.II Hail Frj 1530 - 1700 

HAILSTONE ICING 
R. D'Amours and E. Lozowski 

Existing models of hailstone heat transfer during icing are deficient in several respects. All of 
them ignore the discrete nature of accretion, trcating it instead as if the supercooled cloud water 
were a continuous medium. Most models do not take into account the internal heat conduction 
within the stone, and those that do are prone to treat the thermal conductivity as infinite. Finally, 
many models make the steady-state assumption that implies that the deposit temperature is time­
invariant. 

A new spherically symmetric numerical model has been devised that simulates certain aspects 
of the discrete nature of the accretion process, while considering the heat transfers, including 
internal conduction, to be time.{(ependent. As a first approximation, a uniform layer of given 
thickness is accreted instantaneously over the entire surface of a spherical hailstone with initial­
ly homogeneous properties. The subsequent history of the deposit before the accretion of the 
next layer is divided into two stages. During the {ruzing slage, the deposit warms to ifc owing 
to the formation of ice dendrites and it exchanges heat with the environment and the interior 
of the stone while the remainder of the supercooled water freezes. If the entire deposit is frozen 
before the accretion of the next layer, it enters the cooling stage. where exchanges of heat with 
the environment and the interior give rise to a changing deposit temperature. During both of 
these stages, the internal temperature profile of the hailstone is also calculated as a function of 
time. 

It is found that the final surface temperature is colder than is predicted by the steady-state 
continuum models, and that the final surface temperature is lower when the deposit is thicker. 
Using the model in conjunction with a two-dimensional kinematic thunderstorm model and 
making simple assumptions about the collection efficiency, it is possible to investigate the de· 
tailed thermal history of a developing hailstone. 

EVALUATION OF HAILFALL FROM HAILPAD AND RADAR DATA 
Peter Wrenshall and Robert Charlton 

A study was conducted for the Alberta Hail Project to determine whether hailral! data from 
hailpads could be supplemented by radar observations to better define the spatial variation of 
hailfal1. The findings of this study will be used in the evaluation of the hail suppression project. 

Data from the hailstorms of t 974 included analyses of daily hail fall on hailpads and taped 
radar data from the C·band radar. The density of hailpads was between one and two per town­
ship (92 km 2). The resolution of the radar was of the order of I km3, sampled every 3.5 min. 
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A formula for converting the radar reflectivitie&, into units of hailfall energy flux density "as 
developed. These energy flux densities were integrated over altitudes between 1.5 and 4 km and 
summed for the hail day to give estimates of dally hailfall impact energy density at points of 
interest such as hailpad localions. In order to eliminate e(:hoes produced by rainfall. various 
threshold reflectivities between 30 and 4S dBZ were tried as indicators of hailfalL 

The radar-derived impact energy densities were found to be well correlated with the hail pad 
energy densities for a gIVen storm . However . the relationship varied between hailstorms of dif­
ferent dates. This study showed that llalJpad and radar data can be used to estimate hailfall at 
a point if it is known that hail actually fell at that pomt. Farmers' reports of hailfall were useful 
in determining where hail had occurred since these telephone-solicited reports are much denser 
than the hallpad network. 

ANALYSIS OF AN ALBERTA MULTICELL STORM 
K. L. Grandia, D. S. Davison. and D. R. Inkster 

On 24 August J 976, an Isolated multicellular storm passed through the project area of the Alberta 
Hall Project. This storm perSISted for approximately 2.5 hours, and was the subject of an IOtensive 
investigation using an instrumented ~ ircraft, radar, and aerial photography. 

The instrumented aircraft made numerous subcloud and incloud passes to identify and trace 
the thermodynamic fields associated with the Inflow structure. Radar-chaff was released into the 
inflow region in order to map the inflow CirculatIOn. Auto-correlation analysis was performed on 
the three-dimensional turbulent velocity field measured by the aircraft to determine the mixing 
potential for seeding agents withm and in the vicmity of the storm. In order to describe the pre­
cipitation reaching the ground,low-level radar reflectivity and polarization fields of the storm 
were investigated. 

Results of this case study will be dIscussed with relevance to the hail suppression experiment 
in Alberta. 

THE SASKATCHEWAN HAIL RESEARCH PROJECT, 1973-76 
Alexander H. Paul 

Th is paper describes some preliminary results of a climatological study of hailstorms in south· 
eastern Saskatchewan. Comparisons are drawn between data on the Saskatchewan hail, derived 
from farmers' reports in the same manner as Alberta Hail's surface hailfall data, and data from 
other hail research projCcts. Case studies of a number of Saskatchewan storms are briefly reViewed 
and the variety of synoptic situations in which damaging hail may occur is emphasized. The impli­
cations of the fmd ings regarding the logistics of any potential cloud-seeding program to suppress 
hail in southern Saskatchewan are examined. While the-general behaviour of the Saskatchewan 
storms is similar to that of Alberta . certain factors such as the greater length of the Saskatchewan 
hail season, the OCCurrence of multiple storms on the same day, and the greater frequency of 
night-time storms appear to militate against the possible success of a modification program. 

HAIL S PPRESSION: WHERE DO WE GO FROM HERE? 
Peter W. Summers 

The results of hail suppression programs around the world still continue to give conflicting and 
controverSial results. The recent results of the U.S. National Hall Suppression Experiment, whiJe 
substantially enhancing basic knowledge or hailstorms , failed to show any significant effects due 
to seeding. On the other hand major operational programs in South Africa and Alberta are claim­
ing considerable success. Cenain cntical differences 10 the cloud microphysics (frozen droplet vs 
graupel embryos) and in the storm structure (supercell vs multicell) may offer the explanation 
why seeding sometimes appears to decrease hail and at other times appears to increase hail. Some 
fundamental questions that still need to be answered about hailstone formation, hailstorms, and 
hail suppression in order to resolve these issues an:: presented and the various options for carrying 
out this research are discussed. .. 
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ELEVENTH ANNUAL GENERAL MEETING 
CANADIAN METEOROLOGICAL SOCIETY 

WINNIPEG CONVENTION CENTRE, WINNIPEG 
1 JUNE 1977 

AGENDA 

Minutes of the Annual General Meeting, 26 May 1976 

2 Annual Reports from the Executive 
a) President's Report 
b) Treasurer's Report 

3 Annual Reports from the committees 
a) Editorial Committee 
b) Awards Committee 
c) Citations Committee 
d) Standing Committee on Public Information 
e) Scientific Committee 

4 Annual Reports from Local Centres and Oceanography Division 

5 Budget for 1978 

6 Membership Fees for 1978 

7 Motions from CounCil 

8 locations of Future Congresses 

9 Other Business 

10 Report of Nominating Committee 

11 Installation of Officers for 1977·78 

Agenda /44 



ONZIEME ASSEMBLEE GENERALE ANNUELLE 
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CENTRE DES CONVENTIONS DE WINNIPEG 
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2 Rapports annuels du bureau d'administratlon 
a) rapport du president 
b) rapport du tresorier 

3 Rapports annuels des comites 
a) Comite de redaction 
b) Camite des recompenses 
c) Camite des citations 
d) Camite permanent responsable de l'information du public 
e) Camite charge des Questions scientifiques 

4 Rapports annuels des centres locaux et de la division de I'oceanographie 

5 Budget 1978 

6 Colisations en 1971 

7 Propositions du conseil d'administrahon 

8 Emplacement des cangles a venir 

9 Divers 

10 Rapport du camile de mise en candidature 

11 Investiture des membres du bureau d'administration pour 1917·78 
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Minutes of the 10th AGM, 26 May 1976 are missing 
 

They have been replaced by the minutes of Council Meeting 
held 25 May 1976 – which follow 
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CANADIAN METEOROLOGICAL SOCIETY 

SOCIETE METEOROLOGIQUE DU CANADA 
MINUTES OF THE THIRD COUNCIL MEETING HELD AT 8 PM 

EDT TUESDAY, MAY 2~ 1976 IN ROOM 1045C, PAVILLON 
VACHON, UNIVERSITE DE LAVAL, QUEBEC, QUEBEC 

MEMBERS PRESENT : 
P.E. Merilees, President 
J. Hay, Vice President 
J.G . Cantin, Treasurer 
H. Leighton, Corresponding Secretary 
P. Zwack, Recording Secretary 
R.M. Gagnon, Councillor-at-large 
C. Mann, Chairman of Oceanography Oivision 
B. Watson, Chairman of Ottawa Centre 
M. Ferland, Chairman of Quebec Centre 
R. Fichaud, Chairman of Montreal Centre 
M. Hacksley, Vice Chairman of Hinnipeg Centre 

OBSERVERS: 
I. Rutherford, Chairman of the Editorial Committee 
J. Vanier, Chairman of Public Information Committee 
J. Maybank, Chairman of Scientific Committee 
S. Smith, Secretary of Oceanography Division 
G. Goyer, Secretary of Scientific Committee 
E. Lozowski, Alberta Centre 
D.M. Leahey, Toronto Centre 
G. McBean, Toronto Centre 
J. Derome, Montreal Centre 
R. Asselin, Montreal Centre 

1. Minutes of the second Council Meeting of February 20,1976 

The following change was made : 
Pa~e 7, item 7, part 2 to read: 
"2) A motion to anmend the bflaws which would permit the 
Treasurer to pay bills less t an $500 without prior Executive 
approval." 
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2. Reports from the Executive 

2a) Pres i dent 

2b) 

Andrew Thomson Prize 

The President recounted the history of the discussions and 
actions taken over the past year to honour Andre~1 Thomson. 
J. Hay then moved the fo 11 owi nq moti on whi ch Vias seconded 
by B. Watson. 

"It is proposed tha t the CMS Pri ze in IIpp 1 i ed 1'1eteoro logy 
be renamed the AndreN Thomson Pri ze in Apr1 i f'd I~eteoro 1 o~lY." 

The motion was adopted unanimously. 

Development Fund 

The President reported that the name of the fund started 
by D. McIntyre with a $4000 donation has been changed 
from "Anonymous Fund" to "Development Fund". The fund has 
received a donation of $150 from M. Khandakar. 

AMS/C~1S Speaker I s Tour 

The President reported that the Society had suggested to the 
AES that the 1976-77 speaker be an oceanographer. ~is goal 
would be hopefully to learn ahout meteorology and inform 
the local centres of the scope of oceanography. The liES 
Management Committee warmly received the suggestion and 
has agreed to provide support. The Executive will work 
with the Oceanography Division to prepare a list of names 
for submission to AES. The speaker and exact topic are 
likely to be announced in the CMS Newsletter in early summer. 

Vice President 

Vancouver Island Chapter 

The Vice President reported that the Executive is still 
waiting for a letter for members from Vancouver Island 
requesting the establishment of a chapter. 

Consulting Standards 

Fulfilling his mandate from the Executive, the Vice President 
presented a proposal (Appendix 1) for the formation of an adhoc 
committee to consider the standard of meteorological consulting 
in Canada. J. Hav then moved and P. Zwack seconded the fol­
lowing motion. -
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"An adhoc committee shall be former1 to study the s t~ndar<i of 
meteorological consulting in Canada under the terms of 
reference presented (to he found in Appendix 1)". 

A general discussion followed. The major points rrought up 
were: 

- Certification does not work well in the ll.S. and is not ~ 
viable alternative. 
Consultants will succeed over a long Deriod only if they 
perform their jobs well. 

- The society is learnpd and not professional and, therefore, 
has no role in certification . 

- No problem in consulting standards has been proved as yet, 
however, a problem may r.xist now or in the future. 

- Committee should look at TV and Radio meteorologists. 

The President pointed out that the aim of the society is to 
promote the science of meteorology and, therefore, to promote 
quality consulting work. It was pointed out. by council, that 
item 2 in the terms of reference refer to improving standards 
as if they were not now hi gh. J. Hay accepted the fo 11 owi ng 
addition to that item: "".for maintilining or improving the 
standard ... " The Presidpnt called the question ann the motion 
was adopted by a vote of 9 to 1. 

The composi ti on of the commi ttee ~!as di scussed. Mter some 
concern was expressed as to the balance on the committee 
between consul tants, users and the soci ety, J. Hay poi nted 
out that A. Boyer, although now with Ontario lIydro (potent.ia1 
user), has had an extensive career in consulting. J. Hay 
would perform a neutral role representing the society. 
P. r~eri1ees felt there is a good balance. He also pointed 
out that the committee would certainly request feedback from 
other users and consultants as well as the C~S membership. 

2c) Past President-The Past President was absent due to illness. 

2d) Treasurer 

J.G. Cantin moved and B. i<latson seconded a motion "to approve 
payment of $656.02 to ,], Hay for travel expenses for hi s 
trips to Ottawa, Quebec, and r~ontrea1". The motion was 
adopted unanimously. 

H. Leighton reminded the centres to hp conscientious in 
submitting financial reports. for example, the Reqina (rntre 
made no mention in its report of the subvention received 
from the National Executive. He pointed out that financial 
report guidelines exist. 
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The Treasurer asked if there were any questions about the 
financial report in the Congress Issue. There were no 
questions. 

2e) Corresponding Secretary 

Membership 

The Corresponding Secretary reported that the latest memher­
ship figures are (1975 figures in parenthesis): 703 (634) 
members including 71 (42) students. These numbers · hreak 
down to approximately 633 meteorologists and 70 (10) oceano­
graphers. He concluded that the increase in membership 
size was mainly due to the influx of oceanographers. 

Youth Science Foundation 

The Corresponding Secretary received a letter from the Youth 
Science Foundation indicating that their budget had been cut 
by 60% (41,000) by the Federal Government. They have written 
to the P. M. and have as ked the Soci ety for support. P. 11eril ees 
reviewed our contact with YSF. K. Clark is the CMS representa­
tive to its board. The Ottawa Centre has donated $50 to help 
send the Ottawa Science Fair winner to Brandon, Manitoba for 
the national fair. He also pointed out that 0uehec has 
allocated $100,000 for a Quebec proqram and that maybe the 
Federal Government wants the provinces to take over the program. 
B. ~Jatson reported that the Ottawa Centre had also formed a 
committee to study meteorological activities in the capital 
region and that the committee found that the YSF was the best 
activity promoting meteorology in the hiqh schools. He recom­
mended that CMS take strong action. H. Leighton moved and 
B. Watson seconded the following motion: 

"The National Executive shall be instructed to write a letter 
of support for the Youth Science Foundation to the Prime 
Minister and the Minister of Science and Technology and that 
the local centres also be encouraged to respond in a similar 
manner". 

The motion passed unanimously. 

3. Reports from the Standing Committees 

3a) Editorial Committee 

The editor of Atmosphere reported on the progress in the last 
year. Since the beginning of lQ76, Atmosphere is getting 
larger and the quality is improving. 'The second and third 
issues (stratospheric balloon project) are completed and will 
be out in time. Because of the increase in size (last issue 
in 1975 was $5000), the projected budget for 1976 may ~e on 
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the low side. However, the bill for the last issu0 may be pa'id 
in the beginning of 1977 . The editor also indicated that he 
wi 11 be taki ng a 1 eave of absence from RPN and wi 11 be res i gni ng 
as Chairman of the Editorial Committee at that time (August, 
1976). The President asked for suggestions for the next 
editor and indicated that the Executive has some names under 
active consideration. It was suggested that the technical and 
scientific editing be separated. The President responded that 
this idea is also under consideration and that the former could 
be provided for a fee from IJ. of T. Press. 

3b) Public Information 

3c) 

3d) 

Mention was made of the newspaper story quoting a CIA report 
that forecast climatic changes in the future. The President 
indicated that the CMS in co-sponsoring a symposium of "Living 
with Climatic Change" (June) which will help to correct mis­
conceptions. 

Newsletter - No business. 

Scientific Committee 

The new Chairman of the Scientific Committee, John 11aytJank, 
indicated that a report will be presented the follo~,;ng day at 
the AGM. He reported that A. Boutard of the University of 
Quebec at Montreal has resigned. He suggested that the following 
people be elected to the committee: 

Dr. T. Warn, UQAM 
Dr. R. Rogers, McGill U. 
Dr. Pelletier, U of T 
Dr !"' Kwizak, AES, Toronto 

J. Hay moved the election of these names. The motion was 
seconded by H. Leighton. It was adopted unanimously. 

Report from the Oceanography Division 

The report was presented by the chairman, C. Mann. lie indicated 
that 1975-76 was a good year. There are about 50 papers at the 
Congress. There are now about 70 oceanographers in the CMS which 
clearly indicates that the oceanographic community, with the 
exception of biologists, is interested in the CMS. He felt that 
with current interest growing in oceanography, there are a larger 
number of possible membe,rs for a learned society like the eMS. 
The Executive of the Division has made plans for a ne~1 Fxecutive. 
At the general meeting of oceanographers he will recommend strongly 
that they formalize their relationship with the CMS. He felt that 
a national division is probably more natural and does not see much 
greater participation than that which already exists with the local 
centres. He suggested that the arrangements for CMS structure 
changes could be considered in the coming year. 
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5. 1978 Congress Location 

H. Leighton reported that members in London, Ontario have agreed 
to host the 1978 Congress at the University of '\'iestern Ontario 
(with the Learned Societies). 

6. Ct1S Book1 et 

7. 

Since A. Robert, the member of the [xecutive responsib1p. for the 
booklet, was absent, the President reported briefly on the booklet 
progress as of the last Executive Meeting (23 April). 

~wards and Citations 

The President turned the chair to the Vice President and left 
the meeting room. The Vice President read the report of the 
Awards Committee that can be found in the'Congress Issue. He 
pointed out that P. Meri1ees, the President, was recommended for 
the President's Prize. R. Gagnon, a member of the Awards Committee, 
expressed the opinion that the report was produced by one person. 
He was not consulted, and if he would have been, he would have 
opposed the recommendation of the President for the President's 
Prize on the grounds that it is strange and the President is 
officially (although he did not participate) an ex-officio member 
of the committee. HE' i s ~ 1 so a member of Council whi ch awards 
the prize. Otherwise, he certainly did not object to the recom­
mended recipient on scientific grounds. He indicated that he will 
announce at the AGM that he \~as not associated \~ith the committee. 
He also felt that similar events had happened in the past and 
that he will propose to the AGM that the society eliminate the 
possibility that current members of the committees or the Council 
receive awards. J. Hay responded by indicating that the Executive 
was very upset by the lack of communication within the committee 
and has taken steps to avoid the problem in the future by planning 
to place a member of the Executive on each committee to insure its 
functioning. He also noted that the by-law regulating the President's 
Prize does not exclude the President and that the award is for 
exceptional work in a particular year. 1975 was a particularly 
productive year for P. Meri1ees and he felt it would be unjust to 
deny him the prize. 

A general discussion followed with the following points brought 
out: 

- Since members felt that although neserved, it seems strange and 
is perhaps an unfortunate recommendation. 
- It is too late for any alternative action such as a special 
award. 
- There are similar cases in other institutions and that the nest 
man should get the award. 
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- If the by-law had excluded such a possibility, no problem would 
now exist. 

P. Zwack pointed out that the final date for the report of the 
Awards and Citations Committee will be moved up in the future so 
that the Council will have time to really consider the reports 
and, if necessary, find alternates. 

The Vice President, as chairman separated the issues and called 
for a motion on the President's Prize. H. Leighton moved and 
P. Zwack seconded a motion to accept the Awards Committee report 
on the President's Prize. The by-law governing the award was read. 
The motion was defeated (2 for, 3 opposed, 4 abstentions). R. 
Gagnon asked that the reason for this decision be explained fully 
at the AGM. 

P. Zwack moved and M. Ferland seconded the acceptance of the 
Awards Committee re ort for the other three rizes (see Con ress 

The motlon was ado pte unanimous y. 

The Vice President then returned the chair to the President who 
returned to the meeting room. J. Hay moved and M. Ferl and seconded 
the acceptance of the Citations Committee Report. It was adopted 
unanimously. 

Motions from Council to the AGM 

H. Leighton moved and J. Hay seconded that the motion to the AGM 
to ammend the constitution (non- rofit status e ammen e 
rep aClng t e wor non-pro it by charitable an re~ aClng 
"organismes sans but lucratif" to "oeuvres de charitl'!s. It was 
pointed out that this new Vlording was required by the government 
and that the change does not alter at all the sense of the ammend­
ment. The motion was adopted unanimously. 

9. New Members 

H. Leighton moved and P. Zwack seconded the election of the 
following people to membership in the CMS. The motion was 
adopted unanimously. 

Mr. R.A. Gorski (student) 
Windsor, Ontario 

Dr. D.W. Forrester (oceanographer) 
Ottawa, Ontario 

Mr. H.L. Mitchell (student) 
Cote St. Luc, Quebec 

Mr. Gilles Babin 
Chicoutimi, Quebec 



c 

o 

(. 

t1r. fl.!!. Viatson 
Ottawa, Ontario 

Mr. A.J. MacLatchy 

-8-

Porters Lake, Halifax County 

10. New Bus iness 

R. Gagnon moved and B. Watson seconded the following motion: 

"No members of the Citations and Awards Committee nor memhers of 
Council shall be eligible to receive awards or citations during 
their term of office". 

P. Zwack pointed out that changes to the hy-laws require passage 
by the AGM and that council must give the required notice before 
bringing motions to the AGM. J. Maybank pointed out that this 
motion is just a change to the terms of reference which needs only 
council approval. However, it was also pointed out that the latter 
is true for the awards but that a change to the citations terms of 
reference requires a by-law change. H. Leighton suggested that this 
important issue should be discussed more thoroughly with feedback 
from the membership. P. Zwack asked that the Executive should 
discuss it thoroughly and bring a motion to CQuncil at its next 
meeting. P. Merilees indicated that he found the motion too re­
strictive and agreed with the previous two speakers. The President 
called the question. The motion was defeated (3 in favor, 4 opposed, 
3 abstentions). The President indicated that the issue will be 
thoroughly examined by the Executive which will recommend action 
at the next Council meeting. 

The meeting was adjourned at 23:45 EDT. The time and place of the 
next meeting will be decided in the near future. 

Peter Zwack 
Recording Secretary 
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Appendix 1 

.3E CANADIAN METEOROLOGICAL SOCIETY 

SOCIETE METEOROLOGIQUE DU CANADA 
• • 

. 
Meteorological Consulting Standards in Canada 

Background 

Concern has been expressed by some members of the meteorological commu­
nity that there is too infrequent use of qualified meteorologists 
in areas of environmental consulting where such expertise would be 
desirable if not necessary. There is also the question of the standard 
of the work performed by meteorologists when they are employed on these 
projects. 

Action 

The recommendation is that an ad hoc committee be struck to consider 
the standard of meteorological consulting in Canada. 

Terms of Reference of Ad Hoc Committee 

1. To review the current extent of. the requirements for and the 
standard of meteorological consulting in Canada. 

2. To review and recommend procedures for maintaining or improving the 
standard of meteorological consulting in Canada. 

3. To provide a report to the National Executive by December 31.1976. 

Membership of Ad Hoc Committee 

It is imperative that both the Society. the consultants and the users 
be well represented. It is recommended that membership be as follows: 

P. Summers (AES)* 
D. McIntyre (Consultant)* 
D. Yap (Ontario Air Resources Branch) 

or 
M. Ferland (S.M.Q.) 
A. Boyer (Ontario Hydro) 
J. Hay (CMS; ex officio)* 

*Approached and willing to serve 

Financial Requirements 

An attempt has been made to keep all active members of the committee 
within the Ontario/Quebec area in order to limit travel costs. Never­
theless some costs will be incurred including probably the cost of one 
member visiting the operators of the AMS certification programme. 
Thus I believe a budget allocation of $500 should be made to this ad hoc 
committee, for use if necessary. 

John E. Hay 
Vice President, CMS 
May, 1976 



PRESIDENT'S REPORT 

The COlladlan Meteorological Sociery ill J 976 

TIllS year the Society's activities have been a healthy mix of attention to present needs and plan­
ning for future requirements. Such rationality is a consequence of the Society's greater maturity 
and Increased cash flow. 

Administratively the most notable event of the year was the moving of the National Executive 
from Montreal to Vancouver , a move aimed at strengthening the national bonds which exist within 
the Society. A conscious effort to maintain continuity between the outgoing and incoming Execu­
tives resulted in a smooth exchange of responsibilities. Few problems resultmg from the peripheral 
location of the Executive have arisen and those that did were soon resolved. This year saw the 
establishment of two Chapters, one m Saskatoon, which was more an official recognition of an 
existing situation and one in Victoria. which was a recognition of a substantial membership in that 
area and the inability of the Vancouver-based B,C. Centre to adequately serve that group. Centres 
continue to make good use of their annual subventions with numerous communities benefitting 
from the many local initiatives . 

The Society's committees have contmued to work effectively. The Scientific Committee is 
no\\' operating under the by-law adopted at the 1976 annual meeting and has completed its Irans­
formation from SOMASI ACGG. As a result of a request from the membership the Society has 
established an ad hoc committee to examine the standard of meteorological consulting in Canada 
and to suggest methods for the maintenance or improvement of that standard. The committee is 
scheduled to report In early 1977. The Society was fortunate in findmg a person capable of main­
taining the high standards required of the Chairman of the Editorial Committee and Editor of 
Atmosphere. Ian Rutherford resigned hom those posittons with the justified satisfaction of having 
brought Almosphere up-to-date and to a standard which is gaining it considerable recognition in 
the scientific community. Such achievements have not been without substantial cost and will 
require careful control to ensure financial stability in future years. At this time it is appropriate 
to acknowledge the financial assistance of the Canadian Government made through the Atmos­
pheriC Environment Servke. The $16,000 grant this year met a substantial portion of the costs 
of Atmosphere and the Scientific Committee, two important institutions in Canadian meteor­
ology. 

Manuscript preparation for the CMS booklet is now well advanced and it is with confidence 
that J predict its publication in 1917. Planning for t 977 has also included the preparation of 
proposals to am mend the Society's constitution to more accurately reflect the role the Society 
is playing in Canadian oceanography. These consideratIOns will be the culmination of the actions 
winch established the oceanographic division for a trial period of two years. 

The CMS continues to provide a useful service to its membership thlOUgh Its activities at both 
the local and national levels. Of equal importance is the fact that the Society is effective in bring­
ing the opinions and expertise of a broadly-based and well-qualified membersh ip to the attention 
of various sectors of our society and the community at large. 
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RAPPORT DU PRESIDENT 

lA Soclett mereorologique du Canada en J 976 

Cette annee. les activites de la Societe ont porte a 1a fois sur la satisfaction des besoins actuels, 
ainsi que sur la pianiflcation afin de repondre aux besoins Cuturs. Ce comportement ratjonnel est 
la consequence directe du mUflssement de la Societe et , bien sur. d 'une augmentation de ses res­
sources pecuniaires. 

Du point de vue administratif, I'evenement Ie plus important de J'annee fut sans aucun doute 
Ie demenagement du bureau d'adminislrahon de Ja Societe de Montreal:i Vancouver, ce geste ayant 
pour but de resserrer les liens nationaux qui existent deja dans la Societe. A Ja suite d'un effort 
particulier visant a assurer la continulte entre Ie bureau d'administration sortant et celui qui Ie 
remplacera, la passation des pouvoirs s'est effectuee de fac;on ideale . L'emplat."ement periplu!rique 
du bureau d'admiRistration n'a SUSClte que peu de problemes, et ceUX-Cl furent rcsolus rapidement. 
Deux nouvelles sections virent Ie jour cette annee; rune a Saskatoon, ce qui n'etait que la recon­
naissance officielle d'un fait deja etabJi , et J'autre a Victoria, ou la presence de nombreux membres, 
et l'incapacite du ~entre de la Colombie Britannique a Vancouver de les servir adequatement neces­
sitaient ce geste. Les centres ont fait bon usage de leurs subventions annuelles, de nombreuses 
communautes beneficiant des initiatives pnses au niveau des centres locaux. 

Les comites de la Societe ont egalement accompli du bon travail. Le Comitc charge des ques­
tions scientifiques fonctionne main tenant selon Ie TI!lement adopte par I'assemblee annuelle de 
1976, et iI a complete sa transformation SOMAS/ACCG. De plus, tel que demande par Ics membres , 
13 Societe a cree un comite ad hoc charge d'etudier le s normes que respectem les consultants en 
meteorologie au Canada, celui-ci devant egalement suggerer des moyens de maintenir ou d'amelior­
er ces normes. Le Comite devra faire un rapport au debut de 1977. La Societe a egalement eu la 
chance de trouver un candidat capable de satisfaire aux criteres exigeants qu'imposent Ie paste de 
directeur du comlte de redaction, et de redacteur de 13 revue A rmosphcre. Ian Rutherford avait en 
effet remis sa demission, avec la satisfaction d'avolT complt~tement renove la revue Atmosphere. 
ramenant a un niveau de qualite suffisant pour que la communaute scientifique lUI porte une 
attention grandissante. De tels resultats ont cependant entraine des depenses substantielles, et iI 
(audra un controle serre des depenscs pour assurer la stabilite financiere de la revue au cours des 
prochainnes annee!.. II seraH bon de mentionner a ce moment-ci I'aide financlere du gouvernelnent 
canadien, par I'intermediaire du Service de l'environnement atmospherique. La subvention de 
$16.000.00 qu'i!s nous ont ae-cordie celie annee a couvert une partie importante des frais d'A tmos· 
ph ere et du Comite charge des questions scientifiques , tous deux des institutions importantes pour 
la meteorologie au C".tnada. 

La preparation du IIvret de la SMC est en bonne voie, et Je peux affirmer qu'i! sera publii en 
1977 . La planification pour I'annie 1977 inelut egalement la redaction d'amendemenls Ii la con­
stitution de la Societe, de sorte que celle-ci puisse mieux refieter Ie role que la Societe compte 
jouer en oceanographie au Canada. Ces amen dements sont l'aboutissement u!time des decisions 
qui one amene la formation de la Division de I'oceanographie pour une periode d'essai de deux 
ans. 

La SMC continue finalement de rendre service Ii ses membres par ses activites a l'ecllelle natlon­
ale et locale. ParaJlelemenLla Societe est tout aussi efficace lorsqu'j) s'agjt d'exprimer et d'expli­
quer les opinions et les expertises de ses membres Ii differellts secteurs de la popUlation, aussi bien 
qu'aux citoyens en general. 
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TREASURER'S REPORT 

Transactions of the Society increased from $57 ,000 in 19 75 to S80,000 in 1976, reOecting sub­
stantial increases both in the cost of publishing A tmasphere and in the amount of the subvention 
received from the Atmospheric Environment Service. 

The efforts of the previous Treasurer in establishing a more formal accounting system proved 
of great value during and following the move of the executive to Vancouver. Apart from minor 
difficulties with the mechanics of the transfer, continuity was maintained and year-end closure 
proved accurate. 

The structure of the financial and budget statements of t 976 follow those of 1975 , permit­
ting a direct comparison of major items of income and expenditure. 

Financial Slilument for J 976 
As in previous years, the INCOME STATEMENT for 19 76 reflects items entered into the accounts 
during the fiscal year. Dues and subscriptions cover the period from 30 September 1975 to 30 
September 1976. Charges for Atmosphere include Issues to Volume 14 , Number J. Due to a 
catch-up in billing for Atmosphere, along with the increased cost of its publication, a substantial 
net loss was incurred In 1976. This fact is clearly indicated in the INCOME STATEMENT and 
in the STATEMENT OF FINANCIAL POSITION . which shows the assets and liabilities of the 
Society. 

The year-end balance of each account IS given in APPENDIX I. 

Budget for 1977-78 
Of necessity, the budget for 1977 indicates a hold-the-Iine posture. A further operating loss of 
$1,100 is anticipated implying an equivalent reduction in the current assets of the Society. 

It is clear that the continued operation of the Society at its current or hoped for level will 
require an increased financial commitment by its membership. The budget for 1978 , reflecting 
minimal change in many areas and the need for continuing tight cont rol on publications costs, 
is based upon an increase in dues to S2S per year . 
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RAPPORT DU TRESORIER 

Les transactions de la Societe ant passe de $57,000 en 1975 a s80.oo0 en 1976. Celie augmenta­
tion substantielle est due aux couts de la pUblication de la revue Atmosphere et au montant plus 
cleve en 1976 de 1a subvention du Service de l'environnement atmospherique. 

Les efforts du tresorier precedent a instaurer un systeme de comptabilite plus adequat se sont 
reveies utiles pendant et apres Ie deplacement du bureau d'administration a Vancouver. Mis a 
part quelques difficultes causees par Ie mecanisme de transfert, une continuite fut assun!c e t la 
fermeture des livres pour la fin de i'annee 1976 s'cst faite sans crreue. 

Camme les chats financiers et Ie budget de 1916 sont accoh~s a ceux de 1975, on peut comparer 
rapidement les elements importants des revenus et des depenses . 

Etat financier pour i'annee 1976 
Comme par les annees passees, L'ETAT DU REVENU pour 1976 represente des items enregistres 
dans des comples pendant I'anm£e fiscale. Les cotisations et les sou5criptions couvrent la pthiode 
du 30 septembre 19 75 au 30 septembre 1976. Les couts de la revue A tmospltere incluent les 
numeros jusqu'au volume 14 , numero 3. En raison d'un rattrapage dans Ie payment de la revue 
Atmosphere et d'une augmentation du Col it de sa publication, une perte nette impartante fut 
encourue en 1976. Celte constation Sf! reflete clairement a L'ETAT DU REVENU et au 81LAN 
qui man trent I'actif et Ie passif de la Societe. 

En APPENDICE I, on trouve Ie solde de chaque compte pour l'annee se terminant Ie 31 
dtkembre 1976. 

Budget de 1977.78 
Forcement,le budget de 1977 renete une politique de prudence. On anlicipe une perle future 
de SI , I 00 au niveau des operations impliquant ainsi une reduction equivalente dans les disponi­
bilites de la Societe. 

II est evident que la poursuite des operations de la Societe a son niveau actuel ou souhaite 
m!cessitera un engagement de la part des membres pour un support financier. Le budget de 1978. 
soumis it quelques changements mineurs dans plusieurs domaines et Ii un besoin continu d'u n 
contrale serre sur les couts de publication, est base sur une augmentallon des cotisations a S25 
par an nee. 

Le tresorier 
D. G. Schaefer 
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SOCIETE METIioROLOGIQUE DU CANADAI 
CANADIAN METEOROLOGICAL SOCIETY 
ETAT DU REVENU/INCOME STATEMENT 

POUR L'EXERCICE FINANCIER TERMINE LE 31 DECEMRRE 19761 
FOR THE FISCAL YEAR ENDED 31 DECEMBER 1976 

REVENU/ INCOME 

Co tisations et souscriptions 
Dues and subscriptions I 

Subvention SEAl AES Grant 
Revenu Congnh/Congress revenue 
Revenu reproduction d'articlesfSale of reprints 
Autre/Other1 

DEPENSES/ EXPENDITURES 

Publications3 

U ofT Press (commissions) 
Depenses centres/Centres expenses 
Operations/Operations 4 

U of T Press (Reproduction/Reprints) 
Camite scientifique/Scientific Committee 
DCpenses du Cangres/Congress expenses 

$16,788.41 

16,000.00 
1,491.46 
1,806.50 
1,280.68 

28,937 .91 
2,898.68 
2,944.75 
5.284 .98 
1,025.60 
1,664.18 

500.00 

REVENU NET/ NET GAIN 

!CompteS/Accounts no . 106, 120 
3CompteS/Accounts no. 20, 21,22,61 
4 Comptes/Accounts no. 99, 100. 101. 103, 105 

Comptes/Accounts no. 23. 24 . 25 . 26. 27 , 28, 29, 3D, 45 
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$37,367.05 

43 ,256.10 

($ 5,889.05) 



SOCIETE METEOROLOGIQUE DU CANADAI 
CANADIAN METEOROLOGICAL SOCIETY 

BILAN/STATEMENT OF FINANCIAL POSITION 
31 DECEMBRE 1976/31 DECEMBER 1976 

ACTI F/ASSETS 

DISPONIBILITES/CURRENT ASSETS 

Caisse/Cash (Banque Royale/Royal Bank) 
Banque Royale/Royal Bank- Depot a court tefme! 

Short-term deposit 
Fonds de developpement/Development fund 
Interets du fonds de developpement! 

Development fund interest 
Fonds Hornstein/Horstein Fund 
Interet du fonds Hornstein/ Hornstein Fund interest 
Obligations d'epargnes du Canada 1/ 

Canada Savings Bonds I 
Obligations d'epargnes du Canada III 

Canada Savings Bonds II (Coupons) 
Parts de BeH Canada/Bell Canada Shares l 

Cemptes a recevoir/ Accounts receivable 

$ 2,641.25 
10,000.00 

4,150.00 
401.12 

1,000.00 
128.13 
950.00 

593.15 

576.00 
44.00 

PASSI!' ET AVOIR DE LA SOCIETE/LIABILITIES AND SOCIETY'S EQUITY 

EXIGIBILITES/CURRENT LIABILITIES 

Comptes a payer I Accounts payable2 

AVOIR DE LA SOCIETE/SOCIETY'S EQUITY 

Avair de la societe/Society's Equity 
31 december J 976/31 December 1976 

TOTAL PASSIF ET AVOIR DE LA SOCIETE.! 
LIABILITIES AND SOCIETY'S EQUITY 

$ 6,154.22 

13,7 36.03 

! Valeur des parts au 31 decem bre 1976/ Va)ue of shares as of 31 December 1976 
U of T Press 
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APPENDICE I/APPENDIX I 

SOCIETE METEOROLOGIQUE DU CANADA/ 
CANADIAN METEOROLOGICAL SOCIETY 

SOLDE DE CHAOUE COMPTE/BALANCE OF EACH ACCOUNT 
POUR L'ANNEE TERMINEE LE 31 DECEMBRE 1976/ 

FOR THE YEAR ENDED 31 DECEMBER 1976 

1 Caisse/Cash (Banque Royale/Royal Bank) 
20 Revenus aonances! Advertising revenue 
2 t Revenus inHhets/lnterest earned 
22 Revenus divers/Miscellaneous revenue 
23 Depenses intthets/lnterest expenses 
24 Depenses-frais d'echanges/Exchange expenses 
25 Depenses-frais de services/Service expenses 
26 Depenses de bureau/Office expenses 
27 Depenses-prix , dons/Prile, gift expenses 
28 oepenses de communications/Communication expenses 
29 DCpenses de voyages(Travel expenses 
30 Depenses de traduction/Translation expenses 
31 Banque Royale/Royal Bank - Depot a court tcrme/Short-term deposit 
41 Revenu reproduction d'articles/Sale of reprints 
45 Depenses-verificateur! Auditor expenses 
50 Depenses Congres/Congress expenses 
51 Revenu Congres/Congress Revenue 
61 Dividendes encaisses/Dividends cashed 
70 Fonds de developpement/Development fund 
11 Interet du fonds de developpement/Development fund interest 
72 Fonds Hornstein/Hornstein Fund 
13 Interet du fonds Hornstein/Hornstein fund interest 
15 Obligations d'epargne du Canada I/Canada Savings Bonds I 
76 Obligations d'epargne du Canada II/Canada Savings Bonds II (Coupons) 
71 Parts de Bell Canada/Bell Canada Shares 
80 Comptes a payer/ Accounts payable 
81 Comptes a recevoir/ Accounts receivable 
85 Avair de la societe/ Society's equity 
86 Subvention SEAl AES Grant 
99 U of T Press (Atmosphere) 

100 U of T Press (Nouvelles/ Newsletter) 
101 U ofT Press (Etiquette, en-tete de lettresJLabels, le tterheads) 
l02 U ofT Press (Reproduction/ Reprints) 
103 U of T Press (Citation) 
104 U of T Press (Commissions) 
105 U of T Press (Divers/Other) 
106 U of T Press (Cotisations et souscriptions/ Dues and subscriptions) 
110 Cemite scientifique/Scientific Committee 
120 Revenu membre de soutlen/ Revenue sustaining member 
130 oCpenses-centres/Cenues expenses 

lNumero de compte/Account number 
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$ 2,641.25 
55.00 

1,042.19 
0.00 

17.64 
0.72 

67.65 
80.86 

397.03 
119.16 

4.526.92 
0.00 

10.000.00 
1,806.50 

75.00 
500.00 

1,491.46 
42.12 

4,150.00 
407.12 

1,000.00 
128.12 
950.00 
593.75 
576.00 

6,754.22 
44.00 

13.736.03 
16,000.00 
28,056.37 

598.23 
165.03 

1,025.60 
78.63 

2,898.68 
39.65 

16,493.41 
1,664.18 

295.00 
2,944.75 



SOCIETE METEOROLOGIQUE DU CANADA! 
CANADIAN METEOROLOGICAL SOCIETY 

BUDGET DE L'ETAT DU REVENU/ 
INCOME STATEMENT BUDGET 

REVENU/ INCOME 

Cotisations et souscriptions/Dues and subscriptions i 

Subvention SEAl AES Grant 
Revenu Congres/Congress revenue 
Revenu reproduction d'articles/Sale of reprints 
Autre/Other2 

DEPENSES/EXPENDITURES 

Publications3 

U of T Press (Commissions) 
Depenses Centres/Centres expenses 
Operations/Operations4 

U of T Press (Reproduction/Reprints) 
Camite scientifique/Scientific Committee 
oepenses du Cangres/Congress expenses 
Services d'information/ lnformation Services 

NET LOSS/PERTE NETTE 

!compteS/Accounts no . 106,120 
3Comptes/Acco unts no . 20 , 21. 22. 61 
4Comptes/Accounts no. 99, tOO, 101, 103, lOS 

Comptes/Accounts no. 23, 24, 2S, 26. 27, 28, 29, JO. 4S 

1977 

$18,0<10 
16,000 

2,000 
2,00<1 
1,300 

$39,300 

$22,000 
3,200 
3,200 
3,50<1 
1,500 
2,500 
2,000 
2,500 

$40,400 

($ 1,100) 
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1978 

$22,000 
16,000 

2,500 
2,5 00 
1,40<1 

$44,400 

$25,000 
3,800 
3,400 
3,800 
1,800 
3.000 
2,500 
1,100 

$44,400 

S 0 
= 



AUDITOR'S REPORT 

I have examined the Statement of Financial Position of the Canadian Meteorological Society as 
of 31 December 1976 , and the related Income Statement for the year then ended. My examination 
was made in accordance with generally accepted auditing standards and according to procedures 
as I considered necessary in the circumstances. 

In my opinion the accompanying Statement of Fmancial Position and Income Statement pre­
sent fairly the finanCial position of the Canadian Meteorological Society at 31 December 1976, 
and the results of its operations for the year then ended, in conformity with generally accepted 
accounting principles applied on a basis consistent with that of the preceding year. 

J. G. Langlois , RIA 

RAPPORT DU VERIFICATEUR 

J'ai examine Ie bilan de la Societe meteorologique du Canada au 31 decembre 19 76 et I'etat du 
revenu pour ('aonee se terminant 3 ceUe date. 1'al fait mon examen en respectant les normes 
generatement acceptees et en utilisant les methodes que je considcrais ntkessaires dans les cir­
constances. 

A mon avis Ie bilan et retat du revenu presentent equitablement 1a situation financiere de la 
Societe au 31 decembre 1976 et les resultats de ses activites en 1976, conformement aux prio­
cipes comptabJes generalement aceeptes tels qu'appliques d'une falfon compatible avec celie de 
I'an passe. 

1. G. Langlois 

REPORT OF THE NOMINATING COMMITTEE 
RAPPORT DU COMITE DE MISE EN CANDIDATURE 

The Nominating Committee is unanimous in nominating the following persons to the 1977·78 eMS 
Council. All nominees have agreed to serve . 

A I'unanimite Ie Comite de mise en candidature soumet la liste suivante des candidats aux postes 
de conseillers pour Ie lerme 1977-78. Tous ont consenti a occuper Ie poste indique. 

Presiden t/President 
V ice-presiden t/ Vice-presi den t 
Treasurer/Tresorier 
Corresponding secrctary/ Secretaire correspondant 
Recording secretary/Secretaire d'assembJee 
Co un cillors-a t -large! Conseillers 

EDITORIAL COMMITTEE REPORT 

K. F. Harry 
R. W. Burling 
D. G. Schaefer 
R. B. Sagar 
P. Sagert 
F. Dobson 
E. Einarson 
H. L. Ferguson 

Paul H. leBlond 
Chairman/Pn5siden t 

In previous years the biggest problem facing A tmosphere has been to obtain an adequate supply 
of matenal to matntain a regular publication schedule. For several successive years the hoped-for 
growth failed to materialize and costs were significantly under budget. sometimes to our embar­
rassment . Now suddenly in 1976 this picture was radically altered. Partly because of a decision 
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to publish several longer than usual articles but mainly because of the excellent response to rt· 
quests for papers for the "Stratoprobe" issue. an explosive growth in the number of pages oc­
curred (316 versus 208 in 1975). Naturally, the costs rose in proportion. Another consequence 
was that at last it was possible to catch up to a regular quarterly schedule. 

Although the Society faces unusually high publication costs for 1976, the circumstances re· 
span sible for th is need not recur. Nevertheless, Atmosphere is now on average considerably larger 
than three years ago and perhaps the time has come to reconsider the question of page charges 
or other ways of financing an expanded journal. In the meantime it will be necessary to limit the 
size of each issue to about 60 pages. This should permit a small backlog of papers and allow a 
more regular publication both in timing and in size . 

As editor for the past three years I have enjoyed the cooperation of a very able committee 
who did reviews, found referees, solicited papers, wrote articles and made suggestions, for all of 
which I am deeply grateful. Ed Truhlar's help with the "Stratoprobe" issue was particularly ap­
preciated. No editor can function without considerable secretarial support and this one was 
saved many times from total disaster by Lise Paradis. 

Finally, I am grateful to Jacques Derome, the new editor, who agreed to relieve me before 
the final issue of Volume 14 was through the press. 

RAPPORT DU COMITE DE LA REDACTION 

Ian D. Rutherford 
Editor. Atmosphere 

Au cours des annees passees Ie probleme majeur auquella revue A rmosphere devait faire face etait 
d'obtenir assez d'articles pour paraitre rcgulierement. Pendant plusieurs annees la croissance esperee 
ne s'est pas realisee et les couts restt~rent inf,erieurs aux previsions, nous cllusant parfois un certam 
embarras. Soudainement en 1916 cet etat de chases s'est transforme. D'une part parce que nous 
avons decide de publier plusieurs articles plus long$ que ceux acceptes jusque la, mais surtout a 
cause de I'excellente reaction Ii notre sollicitation d'articles pour Ie numero "Stratopcobe." il s'es! 
produit une croissance explosive du nombre de pages publiees (316 contre 208 en 1975). Evidem· 
ment les couts ant augmente en proportion. Cette croissance nous a permis de publier la revue 
comme prevu a tous les trimestre<;. 

II est vrai que la Societe fait face a des couts de publication tres clevcs mais il n'est pas force 
que cette situation se repete. De toute fa~on.la revue Atmosphere est maintenant en moyenne 
beaucoup plus epaisse qu'il y a trois ans et Ie temps est peut-etre venu de reconsicterer la question 
des frais de publication pour les auteurs au d'envisager d'autres fa~ons de financer notre revue en 
croissance. Pour Ie moment il sera necessaire de limiter Ie nombre de pages par numero a 60. Cela 
devrait nous permettre d'accumuler une petite reserve d'articles et d'arriver a une certaine regu· 
larite quant aux dates de parution et au nombre de pages par numero. 

Comme directeur de la revue au cours des trois dernieres anl1lEes ra i benCficie de la collaborl;l' 
tion des membres du Comite qui ant fait des critiques de Iivres, trouve des arbitres, sollicite ou 
ccrit des articles et fait des suggestions;je leur en suis profondement reconnaissant. L'aide que 
m'a apportee Ed Truhlar dans la preparation du numeco "Stratoprobe" a ete tout specialement 
appreciee. II est impossible pour un cditeur de travailler sans la collaboration d'une secretaire et 
Ie soussigne a echappe au desastre a plusieurs occasions grace a Lise Paradis. 

Enfin je remercie Jacques Derome, Ie nouveau directeur, qui a accepte de s'occuper des der­
niers stades de production du numero 4 de 1976. 

Le djrecteur 
Ian D. Rutherford 

AWARDS COMMITTEE REPORT 

The Awards Committee (composed of R. W. Burling, K. D. Hage, G. A. McBean, D. G. Schaeffer. 
E. Walker, and T. Warn) offers the following recommendations for 1976: 
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President's Prize: W. F. J. Evans 
For his important contributions to the AES Stratospheric Pollution program (Project Strata. 

probe) both as a member of the program and in communicating the results which appeared in the 
special issue of Atmosphere 14 (3). 

Graduate Student Prize: Humphrey Melling 
For the development of a zero-level crossing method to extract Doppler velocities from acoustic 

echoes and the establishment of multiple acoustic scattering with the help of Doppler measurements 
on falling snow. 

The Prize ill Applied Meteorology: E. Wovinckel and S. Orvig 
For their contributions to northern hydrology and climatology through their developments of 

energy budget and analysis models of the hydrological environment; and their experiments with 
the surface heat and water budgets of the Canadian Middle North. The results of these studies 
have direct application to planning the use of water storage areas in tundra and their model has 
been used extensively. 

The Rube Hornstein Prize ill Operatiollal Meteorology: S. V. A. Gordon 
For long and meritorious service in and for pioneering the development of important tech­

niques in operational meteorology. In particular, for instigating and being the driving force in the 
development of techniques for severe weather forecasting and the application of the small com­
puter day -to-day operations in a weather office. 

RAPPORT DU COMITE DES REcOMPENSES 

R. W. Burling 
Chairman 

Le Comite des recompenses (compose de R. W. Burling, K. D. Hage, G. A. McBean, D. G. Schaeffer, 
E. Walker, et T. Warn) fait les recommandations suivantes pour J'annee 1976: 

Prix du president: W. F. J. Evans 
Pour la contribution importante qu'it a apporlee au programme "Pollution stJatospherique 

SEA" (Project "Straloprobe") comme participant au projet et aussi pour la communication des 
nhultats qui ont paru dans Ie numero special d'Atmosphere 14 (3). 

PriX aux h udiants gradues. Humphrey Melling 
Pour I'elaboration d'une methode "zero-level crossing" pour l'extraction des vitesses Doppler 

a partir d'echos acoustiques et la constatalion de dispersions acoustiques multiples a I'aide de 
mesures Doppler dans des precipitations neigeuses. 

Prix de meteorologie appliquee: E. Vowinckel et S. Orvig 
Pour leurs contributions 3. I'hydrologie et a la climatologie du nord a I'aide de l'elaboration 

de modeles pour l'etude de budgets energetiques et ('analyse de I'environnement hydrologique; 
aussi pour leur etude experimentale des budgets de chaleur et d'eau dans Ie Moyen-nord canadien. 
Les resultats de ces etudes ont des applications directes au niveau de la planification des reservoirs 
hydrologiques dans la toundra et leur modele a ete gran dement utilise. 

Le prix de meceorologie operariollelle Rube Hornstein: S. V. A. Gordon 
Pour de longs et meritoires services en meteorologie operationelle et pour y avoir etc a ravant­

garde dans I'elaboration d'imponantes techniques. En particulier , pour avoir ete Ie promoteur et 
la force motrice responsable de J'tHaooration de methodes de prevision d'orages et de I'application 
de petits ordinaleurs aux activites quotidiennes d'un bureau meteorologique. 
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CITATIONS COMMITTEE REPORT 

TIle Committee recommends that the following citations be made 

To Professor Douglas H. Pimlott (University of Toronto) for his interesting and vigorous dedica­
tion to the maintenance of environmental quality and ethics, in particular his activities in support 
of the rationale and humane development of the Canadian Arctic. 

To the Conseil Quebecois de I'Environnement for the excellence of their program dedicated to 
the maintenance of environmental quality, In particular as achieved through colloquia and their 
publication De lOll Ie urgence. 

RAPPORT DU COMITE DES CITATIONS 

Le Comite recommande les citations suivantes : 

Au professeur Douglas H. Pimlott de l'UOIversite de Toronto. en reconnaissance du devouement 
et de la vigueur qu'i1 a apportes au maintien de la qualite et de I'ethique en matiere d'environne­
ment, particulierement pour son travail a I'appui d'un developpement raisonne et humain de I' Arc­
tique canadien. 

Au Conseil quebecois de l'envIConnement , en reconnaissance de la qualite de son programme axe 
sur Ie mainlien de la qualite de I'environnement et particulierement pour ses colloques et sa publica­
tion intitulee De loute urgence. 

REPORT FROM THE STANDING COMMITTEE 
ON PUBLIC INFORMATION 

On 12 August 1916 the incumbent Chairman , Jacques Vanier. wrote to the President , Dr John 
Hay , noting that the National Executive had moved from Montreal to Vancouver , and suggested 
that it would be highly desirable for the Chairman to be co-located with the National Executive 
Council. For that reason, Jacques Vanier indicated he did not wish to serve another term. 

The Executive accepted his resignatio n with regret and tendered thanks for his services as 
Member and Chairman of the Public InformatIOn Committee. 

At time of writing the membership of the PIC is as follows 

J. L. Knox 
H. B. Kluger 
Dr A. 1. Olisholm 
Garry Schaefer 
M. G. Ferland 
H. M. Fraser 
A. D. Gates 
To be named 
A. Ouellet 
D. J. Webster 
H. P. Wilson 
Dr G. K. Sato 

Olairman 
Liaison Officer (A.ES Headquarters) 
Toronto Centre 
Vancouver Centre 
Quebec Cen tre 
Winnipeg Centre 
Halifax Centre 
Regina Centre 
Montreal Centre 
Ottawa Centre 
Alberta Centre 
Officer , National Ocean Science Affairs, Ottawa . 

We urge all CMS members either individually or through their centres, to bring the attention 
of their PIC representative all matters within the concern of the SocIety and which involve or 
require the provision of information to the public in general or to specific groups. 

Two items currently before the National Executive for consideration are . 
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1 The desirability of the CMS instituting a program of certification of Canadian Radio 
and TV weathercasters. 

2 The possibility of the CMS formulating policy statements on climate change, weather 
modification, and weather forecasting in a manner similar to the American Meteorological Society. 

The Public Information Committee would welcome receiving the views of the membership on 
these and other matters. 

John L. Knox 
Chairman 

RAPPORT DU COMITE CHARGE DE L'INFORMATION DU PUBLIC 

Le 12 aolit 1976, Jacques Vanier, alors directeur, a communique par ecrit avec Ie president, Ie 
Docteur John Hay, pour lui faire remarquer que, vu Ie demenagement du bureau d'administration 
de la Societe de Montreal a Vancouver, iI serait souhaitable que Ie directeur reside dans la meme 
region. Par consequent, Jacques Vanier lui fit part de sa decision de ne pas conserver ce paste 
l'annee suivante. 

Le bureau d'administration a accepte sa demission avec regret, non sans l'avoir remercie pour 
ses services comme membre et directeur du Comite charge de !'information du pUblic. 

Actuellement, la liste des membres de ce comite se lit comme suit: 

J. L. Knox 
H. B. Kruger 
A. J. Chisholm 
Garry Schaeffer 
M. G. Ferland 
H. M. Fraser 
A. D. Gates 
A nom mer 
A. Ouellet 
D. J. Webster 
H. P. Wilson 
G. K. Sato 

Directeur 
Agent de liaison (Direction Centrale, SEA) 
Centre de Toronto 
Centre de Colombie Britannique 
Centre de Quebec 
Centre de Winnipeg 
Centre de Halifax 
Centre de Regina 
Centre de Montreal 
Centre d'Ottawa 
Centre d'Alberta 
National Ocean Science Affairs, Ottawa. 

NollS invitons fortement les membres de la SMC. soit individuellement. soit par I'intermediaire 
de leurs centres, a attirer I'attention du representant local du comite sur tout sujet susceptible 
d'interesser la Societe, et qui necessiterait une information du public en general, ou de groupes 
particuliers. 

Le bureau d 'administration de la Societe se penche actuellement sur les deux sujets suivants: 

L'opportunite pour la SMC d'instituer un programme de certification a !'intention des 
annonceurs de radio au de television qui font des emissions sur la meteorologie, 

2 La possibilite pour la SMC de se prononcer officiellement sur des sujets comme les change­
ments climatiques; la modification du temps et la prevision du temps, com me Ie fait par exemple 
la Societe meteorologique americaine. 

Le comite charge de !'information du public accueillera avec plaisir I'opinion des membres 
sur ces deux points, et sur tout autre sujet en general. 

REPORT FROM THE SCIENTIFIC COMMITTEE 

Le directeur 
John L. Knox 

The Scientific Committee met twice during the year to consider several problems of concern to 
the CMS and to make recommendations. where appropriate, to the Executive Committee. 
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The need for a manpower survey and for a certification program was again considered, and 
judged to be insufficient at the present time to launch a major effort in this area. The Garp 
Scientific Committee's continuing efforts concerning the Gate Task Force and the Polar Sub­
Program were endorsed by the SC. 

Other areas of concern included Weather Modification in Canada, Canadian participation m 
PEP, fluorocarbon research in Canada and metrication. 

The participation of the CMS in the "Livmg with Climatic Change." meetmgs and In the AGU 
meeting planned for Toronto in 1980 was reviewed , and fully endorsed. 

Finally the future direction of the Geophysical Bulletin and of A tmosphere was considered 
and recommendations made. 

Dr J. Maybank assumed the Chairmanship of the SC and three new members were appointed 
to the SC in May 1976. 

RAPPORT DU COMITE SCIENTlFIQUE 

G. Goyer 
Secretary SC 

Le Comite charge des questions scientifiques s'est reuni a deux reprises au cours de I'annee pour 
se pencher sur plusieurs problemes qui concernent la Societe meteorologique du Canada et. lorsque 
juge utile, pour faire des recommandations au bureau d'administration. 

On considera la possibilite de faire une enquete su r les resources humames ainsi que d'etabUr 
un programme de certification et on en arriva a la conclusion qu'i1 n'y avait pas lieu d'y consacrer 
des efforts importants it ce moment-d . Les efforts sou tenus du Comite charge des questions scien­
tifiques de "GARP" en ce qui concerne Ie groupe de. travail "GATE" et Ie sous-programme pol:ure 
furent appuyeS par notre comite. 

Parmi les autres questions d'interet on peut mentionner la modification du temps au Canada. 
la participation canadienne au programme PEP, la recherche en fluorures de carbone au Canada e. 
la conveCSlon au systeme metrique. 

La participation de la Societ~ aux reunions "Living with Climatic Change" et a 13 reunion de 
I'AGU qui doit avoir lieu a Toronto en 1980 fut examinee et entierement appuyee. 

Enfin Ie Comite a discute de I'onentation future du Bulletit, de (ieophysiqlle et d'Atmosphere 
et iI a fait des recommandations . 

Le Dr J. Maybank fut Ie directeur du COImte et trois nouveaux rnembres furent Ilommes en 
mai 1976. 

REPORT FROM THE OCEANOGRAPHY DIVISION 

Le sccre taire 
G Goyer 

At the conclusion of its first year of membership in the CMS, the Oceanographic DIVision resolved, 
at the Quebec City Congress, to continue its association with the eMS. The new executive (Chair­
man. David Farmer, Secretary . Paul leBlond : Members at large : Bjorn Sundby. Peter Jones: Con­
gress Convenor : Noel 80ston) was elected with the general mandate of bringlllg about the perma­
nent incorporation of oceanographers Within the CMS, and with the task of formulating suitable 
proposals to this effect to be presented to the 197 7 Congress. These proposals, lJl the form of a 
series of amendments to the constitution. were prepared and discussed extensively with the eMS 
executive, and are now put forward for ratification by the membership of the Society . Adoption 
of the proposed amendments would transform the eMS IOto a Canadian Meteorologica l and Oceano­
graphiC Society. 

In order to increase mem bership. a recruitment campaign was launched during the summer . 
about fifty prospective members, mostly physical oceanographers, were personnally solicited. Abou t 
half of those approached joined the society. Oceanographic membership is now m excess of one 
hundred. 
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Participation in the activities of the Society by oceanographic members is approaching a normal 
level. Oceanographers are active in a number of local centres; ocean-oriented submissions for pub­
lication to Atmosphere continue to come in (about ten last year), and the CMS tour speaker for 
1977 was an oceanographer, Dr Huntley. The active participation of oceanographers within the 
CMS augurs well for the future of a Society modified to include oceanography within its terms of 
reference. 

P. H. LeBlond 

RAPPORT DE LA DIVISION DE L'OcE:ANOGRAPHIE 

Au terme de sa premiere annee d'adhesion a la SMC,la Division de I'oceanographique a resolu, 
lors du congres tenu a Quebec. de continuer son association avec la SMC. Le nouveau bureau 
d'administration (compose de David Farmer, president; Paul leBlond, secretaire; ct Bjorn Sundby 
et Peter Jones comme membres; el Noel Boston. convocateur) etait elu avec Ie mandaI de favoriser 
I'incorporation permanente des oceanographes a la SMC. Le bureau avail pour tache de formuler 
et de presenter des propositions convenables au congres 1977. Ces propositions, redigees sous 
forme d'une serie d'amendements a la constitution furent preparees et discutees longuement avec 
Ie bureau d'administration de 1a SMC. L'adoption des amendements proposes ferait de la SMC 
la Societe canadienne de meteorologie et d'oceanographie. 

A roccasion d'une campagne de recrulement lancee en ete environ SO candidats. en majorite 
des oceanographes physiques, furent sollicites. Pres de la moitie d'entre eux se joignirent a la 
Societe, qui compte main tenant plus de cent membres dans Ja Division de I'oceanographie. 

La participation des membres aux activites de la Societe a presque aUeint un niveau normal. 
Les oceanographes travaillent dans un certain nombre de centres locaux; Ie nombre d'articles 
scientifiques en oceanographie qui sont soumis a 1a revue Atmosphere est soutenu; on en a compte 
une dizaine I'an dernier . II est a noter aussi que Ie Docteur Huntley. conferencier national de la 
SMC pour I'annee 1977, est un oceanographe. La participation active des oceanographes au sein 
de la SMC est pleine de promesses pour I'avenir d'une Societe modifiee afin d'integrer l'oceano· 
graphie dans son programme. 

ARTICLE I 

NOTICE OF MOTION FROM COUNCIL 

It is proposed that the Constitution and By·Laws of the 
Canadian Meteorological Society 

be amended as follows: 

Name be changed to: 

P. H. leBlond 

The name of this Society shall be the Canadian Meteorological and Oceanographic 
Society. 

ARTICLE 2 Aim be changed to: 
TIle Society exists for the advancement of meteorology and oceanography (the 
term oceanography as used here includes limnology). 

ARTICLE J Membership be changed to: 
Membership is open to persons and organizations having an interest in meteor· 
ology and or oceanography. 

ARTICLE 6 Non-profit status be am mended by adding: 
"and oceanography" at the end of the first sentence. 

BY-LA W 2e) Be ammended by changing: 
"in promoting meteorology and its application" to "in promoting meteorology 
and or oceanography and their applicatioll." 

BY·LA W 4b) Be ammended by adding the following sentence: 
The Nominating Committee shall take into consideration the need for proper 
representation of the two fields of interest of the Society. 
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BY·LAW 61) Be ammended by deleting: 
"Atmosphere" and inserting "Atmosphere·Ocean" in the third sentence. 

BY·LA W 9bJ Be ammended by deleting: 
"the Canadian Meteorological Society" and inserting "the Canadian Meteor­
ological and Oceanographic Society." 

BY·LA W 100) Be am mended by deleting: 
"of meteorological interest" and inserting "of meteorological and or oceano­
graphic interest." 

BY·LAW J 20) Be ammended by deleting: 
"of meteorological interest" and mserting "of meteorological and or oceano­
graphic interest" in the first sentence, 

8 Y·LA W 140) Be am mended by deleting: 
"interest in meteorology" and inserting "interest in meteorology and or oceano­
graphy," 

BY·LA W J 4d) Be ammended by deleting: 
"from nahonal Canadian Meteorological Society or Canadian Meteorological 
Society sponsored meetings" and inserting 
"from national Canadian Meteorological and Oceanographic Society or Canadian 
Meteorological and Oceanographic Society sponsored meetings" in the last sentence. 

BY-LA W 14e) Be am mended by deleting: 
"Atmosphere" and inserting "Atmosphere·Ocean" in the first sentence. 

For Information Only 
At the first appropriate meeting Council will be asked to make the following ammendments to 
the Appendix to By-Laws: 

I Change the title to "Canadian Meteorological and Oceanographic Society Awards and Prizes ." 
2 President's Prize: Change "in the field of meteorology" to "in the fields of meteorology 

and/or oceanography." 
3 Graduate Student Prize : 

i Change title to read "Graduate Student Prizes" 
ii Change "of special merit" to "of special merit in meteorology and or oceanography." 

AVIS DES PROPOSITIONS DU CONSEIL D'ADMINISTRATION 

ARTICLE 

ARTICLE 

ARTICLE 

ARTICLE 

On propose les changements suivants a la constitution et 
aux reglements de la Societe meteoroloaique du Canada 

2 

3 

6 

Nom. Remplacer par : 
Le nom de la societe est la Societe canadienne de meteorologle et d'oceano­
graphie. 

But. Remplacer par: 
Cette Societe a pour but de stimuler I'interet pour la meteorologie et 
I'oceanographie (Ie terme oceanographie ici inclut la limnologie). 

AdheSion. Remplacer par: 
Toure personne ou tout organisme interesse.a la meteorologie au a I'oceano­
graphie peut uevenir membre de la Societe. 

Societe sans but lucratif. Ajouter: 
"et I'oceanographie" a la fin de 1a premiere phrase. 

RECLEMENT 2e) Remplacer: 
"I'interet pour la meteorologie et ses applications" par "!'interet pour 
la mtheorologie, I'oceanographie et leurs applications." 
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REGL£MENT 4b) Aiouter la phrase suivante: 
Le Comite de mise en candidature s'efforcera d 'assurer une juste repre­
sentation des dcux spheres d'interet dc la Societe. 

REGLEMENT 6fJ Remplacer: 
"Atmosphere" par "Atmosphere-Ocean" dans la troisieme phrase. 

REGLEMENT 9b) Rempl,cer : 
"Ia Societe meteorolOglque du Canada" par "Ia Societe canadienne de 
meteorologie et d'oceanographie." 

R£GL£MENT 100) Remplacer; 
"d'interet meteoroJogique" par "d'interet meteorologique Oll oceano­
graphlque. II 

R£GL£M£NT 120) Remplacer : 
·'d'mtchel meteorologiquc" par "d'mteret meteorologique ou oceano­
graphiquc." 

REGLEMENT 14a) Rcmplacer; 
"I'inu;ret envers Ja meteorologic" par "I'interet envers la meteorologie 
et I'oceanograplue." 

REGLl:.'1JENT 14d) Remplacer : 
"Ia Societe meteorologique du Canada" par "Ia Societe canadll~nne de 
meteorologie et d'oceanographie" dans Ja derniere phrase. 

REGLEMENT 14e) Remplacer: 
"Atmosphere" par "Atmosphere-Ocean." 

A tined'illformation 
On demandera au Conseil d'administration d'approuver, a bref delai,les amen dements suivants 
a "Append ice aux rt~glements : 

Remplacer Ie titre par: 
" Prix et recompenses de la Societe canadlenne de meteorologie et d'oceanographie." 

2 Prix du president. Remplacer : 
"en meteorologie" par "en meteorologie ou en oceanographie." 

3 Prix aux etudiants. Remplacer: 
"d'une qua lite exceptionnelle" par "d'une qualite exceptionnelle en meteorologie ou en 
oceanographie. " 

D.C. CENTRE 

Chairman 
Vice-Chairman 
Past Chairman 
Secretary-Treasurer 
Program Director 

REPORTS FROM LOCAL CENTRES 

D. Faulkne:r 
M. Horila 
Dr J. Hay 
V. Puss 
Dr P. LeBlond 

AES. Pacific Headquarters 
AES. Pacific Weather Centre 
UBC, Dept of Geography 
AES, Pacific Weather Centre 
UBC, Inst. of Oceanography 

Election of officers for the 1976 a11 season took place at the spring general meeting . The fall 
executive meeting was called to discuss the program of activities for the coming season, and to 
determine uses for the subvention grant. Once agam it was decided to canvass the membership 
for suggestions. Of several proposals at the meeting. the most promising appeared to be the 
production of a video-tape on the operations at the Pacific Weat~er Centre. This tape would be 
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made available to schools and other interested groups. It .... as also decided to fund the newly 
organized Vancouver Island Chapter by means of a modified per capita grant. 

During the year, ten meetings were open to the public. A list of the dates. speakers and topics 
follows: 

28 Jan 
26 Feb 
22 Mar 

Dr J. Maybank, " Atmospheric diffusion and deposition of agricultural spray " 
Dr J. Hay. "Feasibility of solar energy as a domestic heat source" 
Dr T. Black, R. Mackenzie, Dr T. Parsons, Dr J. Hay , Mr D. G. Schaefer, 

panel on Meteorology and Food Producllon 
Mr P. Sagert, "Hat Creek air quality " 
Dr E. W. Hewson, "WlIld-power generation" 

4 May 
27 May 
27 Sept 
4 Nov 

18 Nov 
16 Dec 

Mr G. Bugden , " Ice movement and modificat ion III the Gulf of St Lawrence" 
"Storm surges in the Beaufort Sea" Dr R. F. Henry, 

Mt L. Hubbert, 
Dr P. H LeBlond, 

"The Canadian Meteorological Centre" 
"Geomorphological evolution of beaches" 

Financial Slalen/em 1976 

Income 

Cash on hand I Jan 1976 
Bank Interest, Apr 
Grant from National Executive, Oct 
Bank Interest, Oct 

Expenses 

10 notices to membership 
mcluding postage 

Refreshments at meetings 
Honorarium to Wendel Hewson 

Creuit Balance as of 31 December 1976 ... 

ALBERTA CENTRE 

Total 

Total 

$569.32 
1.84 

332.00 
6.76 

$909.92 

49.14 
12.35 

100.00 

SI61.49 

1748.43 

V. Puss 
Secretary· Treasurer 

The following is a report on the activities of the Alberta centre for the CIllendar year 1976, as well 
as the financial statement to cover the same period. 

TIle executive of the Alberta centre from 1 January 1976 to 21 October 1976 were : 

Mr D. B. Fraser, Chairman 
Mr F. R. Bowkett, Secretary-Treasurer 
Dr E. P. Lozowski, Past Chairman 

and from 21 October 1976 till 31 December 1976: 
Dr B. L. Barge, Chairman 
Dr R. G. Humphries,Viee-Chairman 
Mr L. Wojtiw, SecretarY-Treasurer 
Mr D. B. Fraser, Past Chamnan 
Mr N. C. Meadows, Calgary Representative 
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During 1976, five meetings of centre were held; the list of speakers and the subject of their 
presentation are as follows: 

26 Jan 

4 Mar 

21 Oct 

16 Nov 

7 Dec 

Dr John Maybank (AES/CMS Lecture Tour) 
"Air pollution problems from agricultural spraying operations" 
Prof. John Hay 
.. An applied radiation climatology of Canada: 
Information of interest to the solar energy engineer" 
Mr Claude Labine 
"High arctic microclimatology" 
Mr Len Hubbert 

"Current and future aspects of numerical weather prediction" 
Dr F. Fanaki 
"Field studies in air pollution" 

To date in 1977, two additional meetings of the centre have been held: 

17 Jan 

15 Feb 

Prof. Chaji Magono 
"Recent studies on natural snow crystals" 
Mr Dave Fraser. Mr John Linton, and Mr Gary Wells, 

"Beaufort Sea observation and prediction system in 1976" 

The meetings have averaged about 20 members in attendance, with a few of the meetings 
having over 30 members present. 

Financial statement 

For year ending 31 December 1916 

Bakmce Brought forward from 31 Dec 1975 

Income: 

Expenses. 

Coffee fund 
1976-77 Subvention 

Mailings 
Coffee, etc. 

Balance as of 31 December 1976 

Difference 

$ 13.70 
351.50 

$365.50 

S 29.20 
27.11 

$ 56.31 

S5 81.28 

S308.89 

S890.17 

As can be seen from the statement, the centre's ex.penses were minimal ; many speakers on 
thell way through Edmonton spoke to the centre's members The present executive has now 
taken steps to contribute a meteorology prize at the regional science fan. This witt appear in the 
1977 budget. 

L. Wojtiw 
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REGINA CENTRE 

Olairman 

Secretary-Treasurer 
L. S. Meeres, Regina Weather Office 
R. J. O'Srien, Regina Weather Office 

The Regina Centre held four meetings in 1976. The speakers and topics were: 

3 Feb 

17 Feb 

21 Apr 

23 Nov 

Dr John Maybank, Sask. Research Council, "Air pollution problems from spraying 
operations" 

Dr John Hay, University of British Columbia, "Radiation climatology of Southern 
Saskatchewan '. 

Mr Randy Sentis, Director, Air Pollution Control Branch, Govt of $ask., "Air 
pollution in Saskatchewan" 

Mr AI Schuster, Director, Qu'Appelle Implementation Branch, Govt of Sask., 
"Wascana Cr~k flood conlrol" 

Other activities during the year included some involvement in the Regina Science FaiT. The 
Regina Centre gave an award for the best Meteorological exhibit in the fair. Mr Stew Meeres, our 

chairman, moved to Edmonton in August so the Centre was without a chairman for the last half 
of the year. 

Since many of the eMS members in Saskatchewan live in Saskatoon and find it difficult to 

come to Regina for meetings, a chapter was formed in Saskatoon with Or John Maybank as 
Secretary. This should prove to be an active chapter. 

FintJndol Statement 

I January 1976 to 31 December 1976 

Credit Debit Balance 

I Jan $119.59 
4 Feb Subvention 255.00 

17 Feb Rental of Projector 10.50 
30 Apr Interest /.79 
22 Apr Regina Science Fair 15.00 
17 May Rental of Meeting Room 5.50 
290c. Jnterest 5.18 
4 Nov Subvention 255.00 

31 Dec Balance $605.56 

SASKATOON CHAPTER 

Following formal founding of this chapter early in the year, the undersigned was elected corre­
spondmg secretary (and sale officer). The CMS speakers tour lecture was given on 11 March to 
an audIence of approximately 30 persons. In April the chapter co-sponsored, with the Plant 
Ecology Department of the University of Saskatchewan, a lecture by Dr Richard SI Barbe-Baker 
on the topic "Creating microclimates in the Sahara;" the audience was around 50 for this talk. 

In late May. members of the eMS chapter were invited to attend a meeting of the Sask. Com­
mittee on agriculture meteorology to discuss upcoming weather modification actiVIties in North 
Dakota and Alberta and to consider the pOSSIble need for provincial regulatory action. 
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In September discussions were held with the Regina Centre regarding finances for the Chapter. 
It was agreed that a portion of the Centre subvention would be available for expenses incurred 
by the Chapter, and that the Centre treasurer would be responsible for their disbursement on 
instructions from the Chapter's corresponding secretary. The actual fund proportions were not 
specified, but it was expected that they could be roughly in relation to perspective membership 
members. 

The first meeting in 1977 was announced in December. It was to be a guest lecture, co­
sponsored by the University of Saskatchewan Physics Department, by Professor C. Magana of 
Hokkaido University on "Scavenging effects of snow crystals." A further seminar on a related 
topic is planned for February when the Hokkaido University field crews return to Saskatoon 
from their snow-drift and ice-fog field studies at Inuvik and North Battleford. 

WINNIPEG CENTRE 

Chairman 
Secretary-Treasurer 

Financial statement 

As of 1 January 1977 

M. Hacksley. 
D. S. Siemieniuk. 

Cash on hand as of 1 January 1976 

Receipts 

Dinner meeting 18 Feb 1976 
Dinner meeting 16 Mar 1976 
Dinner meeting 14 Oct 1976 
Dinner meeting 25 Nov 1916 
Subvention cheque 
Petty cash on hand 

Expenditures 

Dinner meeting 18 Feb 1976 
Dinner meeting 16 Mar 1916 
Dinner meeting 14 Oct 1916 
Dinner meeting 25 Nov 1916 
Burn Lowe Award 
Science Fair trophies 
Annual meeting expenses 
Postage 

Cash on hand as of 1 January 1977 

Prairie Weather Centre 
Prairie Weather Centre 

S 30.00 
103.50 
189.00 
116.50 
290.00 

13.16 

TOTAL S742.16 

S 36.23 
116.00 
190.52 
122.82 

12.95 
45.15 

9.41 
18.00 

TOTAL $551.08 
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J. Maybank 
Corresponding Secretary 

S323.66 

742.16 

S1065.82 

551.08 

S514.74 

$514.74 
~ 



List of speakers 

18 Feb 

16 Mar 

14 Oct 

25 Nov 

In the Horizon Room at the Winnipeg International Airport , Dr John Hay spoke 
on " An applied radiation climatology of Canada." 

In the Horizon Room at the Winnipeg International Airport, Dr 10hn Maybank 
spoke on "Air pollution from agricultural spraying operations." 

In Salon 1 at the International Inn. Dr Gren Yuill spoke on "Solar energy appli­
cations in Manitoba." 

In the Officer's Mess at Canadian Forces Base Portage la Prairie, Jay Anderson 
spoke on "Atmospheres of the planets." 

D. S. Siemieniuk 
Secretary-treasurer 

TORONTO CENTRE 

Chairman 
Treasurer 

R. Lawford 
N. Waller 

Program Chairman 
Secretary 

1. Donegani 
M. Hewson 

List of speakers: 

13 Jan 
13 Jan 

26 Feb 

5 Apr 
20 Apr 
20 May 
5 Oct 

17 Nov 

Prof J . lribarne, ·'Droplets.lons, and electrical charges" 
Prof H. U. Dutsh (Zurich), "Interaction between the photochemical systems grouped 
around the ozone, and the transport processes in the stratosphere" 
Dr John Maybank (Sask. Research Council), "Air pollution problems from crop 
spraying" 
G. Szeicz (U. of T .) , " Dispersion and deposition of gaseous wastes" 
John E. Hay (UBC), "Solar heating for domestic power in the Toronto area" 
lydia Dotto (Globe and Mom, "Scientific writing for the mass media" 
Dr P. Me. Taggart-Cowan , "Climatic change and intelligent planning" 
Percy Saltzman, moderator, Debate : "Resolved that the responsibility of providing 
Wx information to specialized users , rests with the private sector of the Canadian 
economy." Affirmative: Mo Kestin and Maury Hirt. Negative: Don Smith and Herb 
Kruger 

M. D. Hewson 
Secretary 

OTTAWA CENTRE 

Chairman 
Vice-Chairman 
Past Chairman 
Oceanographic 

Representat ive 
Secretary-Treasurer 

H. H. Watson 
H. R. Armstrong 
W. B. Watson 

Dr N, J. Campbell 
K. C, Morris 

The Ottawa Centre held four meetings during 1976 and another four have been planned by the 
present executive for the first half of 1977. 

On 8 January, Dr J. E. Hay spoke on the tOPIC of "An applied radiation climatology of 
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Canada." Dr Hay's presentation was well illustrated with slides, many of them referring to data 
from the Ottawa area. 

On 16 February Or. J. Maybank, Head of Physics Division, Saskatchewan Research Council. 
spoke on the topic" Ai, pollution problems from agricultural spraying operations." His talk 
focused on pesticide drift hazards and the field trial approach in general. 

On 19 October Brigadier General K. Greenaway (retired) addressed 3 social meeting of the 
Ottawa Centre. General Greenaway who is currently Senior Science Advisor to the Department 
of Indian Affairs and Northern Development, spoke on "The changing north and the effect on 
weather services." His presentation touched on a wide range of social, cultural, political, and 
economic problems, and he concluded that more specific weather forecasts are required for 
developing local activities. 

On 30 November Dr Douglas Whelpdale of the Atmospheric Environment Service spoke on 
the "Long range transport of pollutants." He discussed documented cases of long range trans­
port of gases, aerosols and dusts as well as the effects of acidic rain on Jakes in the north eastern 
United States. Many of the approximately 45 persons in attendance participated in a lively 
"question-and-answer" period following the address. 

Meetings that have been arranged for early 1977 include talks by W. Markham of the Ottawa 
lee Forecasting Central, Dr J. H. Chapman, Assistant Deputy Minister, Department of Communi­
cations, Professor Huntley of Dalhousie University, and D. Williams of the Department of Agri­
culture. 

The Ottawa Centre supported the Ottawa Regional Science Fair during 1976 through the 
donatIOn of a sum of $50. This support has been augmented for the Spring 1977 Fair , with the 
Centre to present, for the first time, awards for the best plOject on meteorology or physical 
oceanography. The awards will consist of an individual trophy to be retained by each member 
of the winning proJect. a plaque to be kept for one year at the school of the successful entrants, 
and a total cash award of up to S50, depending on the number of exhibitors in the winning group. 

Financial Statement 

Income 
Cash on hand I January 1976 
Dank Interest, Apr and Oct 
Sale of Tickets for Social Evening, 19 Oct 
Subvention from National Executive, Oct 

Expenses 
Dinner, Dr Hay, 7 Jan 
Bank Service Charge 31 Jan 

TOTAL 

Donation to Ottawa Regional Science Fair, 14 Apr 
Postage and envelopes 
Room rental and refreshments for Social 

Evening, Oct 

Unpaid Bills 
Dinner, Dr Whelpdale, 30 Nov 
Long Distance Telephone Charge 
Postage 

Bank Balance 31 December 1976 

TOTAL 

TOTAL 

$508.06 
4.16 

27.00 
329.00 

$868.22 

$ 6.00 
.60 

50.00 
48.54 
54.30 

$159.44 

$ 12.96 
.32 

1.38 

$ 14.66 

$708.78 
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MONTREAL CENTRE 

Chairman 

Secretary 
Treasurer 

Past-Chairman 

R. J. Fichaud, Atmospheric Environment Service 
R. Rioux, Atmospheric Environment Service 
S. Roy, Hydro-Quebec 
D. Davies, Atmospheric Environment Service 

Rapport financier: 

lec janvier au 31 dicembre 1916 

Revenus 

Solde au lec janvier 1976 
Interet 30 avril 1916 

$325.G9 
0.74 

362.00 Subvention annuelle (20 actobre 1916) 

TOTAL 687.83 

Depenses 
Timbres 
Rafra1chissements 
Location de salles 

19.84 
39.73 

161.63 
(2 reunions au McGill Faculty Club) 
Diners des conferenciers (8) 99.29 

320.49 TOTAL 

Actifs au leT janvier 1976 
Actifs au 31 decembre 1976 

325.Q9 
367.34 

Serge Roy 
Tresorier 

List of speakers and the subject of their presentations for 1976 and January 1971: 

20 Jan 

19 Feb 

18 Mar 

1 Apr 

11 M,y 

23 Sept 

14 Oct 

24 Nov 

27 Jan 

M. Chandu. Oirecteur des Applications, Projct de traduction automatique, Uni­
versite de Montreal, "Un systeme pour la traduction automatique des previsions 
regionales» 
Dr John May bank, alief, Physics Division, Saskatchewan Research Council; "Alf 
pollutIOn problems from agricultural spraying operations" 
Dr John Hay , Department of Geography, University of British Colombia: " Utili· 
zation of solar energy for domestic heating in Montreal" 
Dr Kirk Brya.n , GeophYSical Fluid Dynamics Laboratory, Princeton Univcrsity, 
"The ocean and chmatc" 
Dr Claude Girard, Division de Recherche en Prevision Numthiquc , AES. "Les effets 
physiques dans Ie modele spectral aux equations primitives en exploitation au Cen­
tre Meteorologique Canadien" 
Mr Simon M. Kevan, Geography Dept. John Abbott College, "Thc Study of Human 
Behaviour." TIle effects of Weather and Seasons on Canadians 
Dr G. L. Austin, Department of Physics, McGill University ; "The real-time tcst 
of tile short-tcrm radar prediction procedure (SHARP)" 
Professeur Ro bert Garry , oepartement de Geographie, Universite de Montreal; 
" La mousson ct la vie" 
Prof. Pierre -Andre Dube, Departement de Phytologie, Universite Laval. "Possibilites 
de la phenologie pour Ie zonage climatique" 
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The following talks ate planned: 

9 Mar Prof. D. A. Huntley, Dept. of Oceanography, Dalhousie (AES touring speaker), 
"Waves and currents on beaches" 

12 Apr Prof. K. Hare , University of Toronto , "The spread of deserts is climate the villain?" 

CENTRE DE QUEBEC 

Raymond Rioux 
Secretary 

I.e conseil d'administration de la Societe de Meteorologique de Quebec se compose actuellement 
comme suit : 

President 
Vice-President 
Conseillers 

Secretaire 
Tresorier 

MM. Gaston Paulin 
Paul Lamb 
Marc Desruisseaux 
Pierre·Andre Dube 
Michel Ferland 
Guy Lemelin 
Gilles Tardif 
Guy Bergeron 
Gaetan Soucy 

ConfcSrenciers de la Societe: 

13 janvier 
4 fevrier 

24 fevrier 

23 mars 
28 octobre 

17 novem Ine 
15 decembre 
26 janvier 

16 fenier 

7 mars 
13 avril 

1976 

1977 

Dr Conrad East, "Problemes d'environnement atmospherique urbain" 
Dr Terry Gillespie, "Weather effects on 14 plant tests and diseases" 
Dr lohn Maybank, "Air pollution problems from agricultural spraying 
operations" 
Dr Barney Boville , "Le c1imat et I'environnement " 
M, Ghislain ldcques, "La prevision du temps a I'aide de modcHes numeriques. 
historique et problemes actuel!~" 
Dr Andre Caille, "Etat de la qualite du fleuve St-Laurent" 
Dr Keith Thomson, "L'avenir de la Teledetection" 
Dr Andre Plamondon, "Influence des facteurs hydrometeorologiques sur 
la production seve de l'erable a sucre" 
Dr Claude Girard, "Les previsions quantitatives de \a precipitation emises 
par Ie Centre meteorologique canadien" 
Dr D. A. Huntley , "Waves and currents on beaches" 
Dr lean-Pierre Fortin. (Titre a venir). 

Le conseil de la societe a pris action cette annee en vue de I'elaboration d 'une station meteoro­
logique de demonstration qui sera utilisee a des fins educatives. Cette station sera mobile et pourra 
ctre mantee la ou iI s'averera utile de Ie faire. De plus,la SMQ remettra pour la premiere fois cette 
annee son prix annuel attribue au merite a une personnalite oeuvrant en Mlheorologie. 
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Rapport du Treson'er 

Exerclce 1976 

ler janvier au 31 dccembre 1976 

Acti! 

Actif en caisse au debut de l'exercice 
Cotisation des membres (30) 
Octroi du MRN 
Subvention de la SMC 
Transfert du surplus budglhalre du congres (976 
Interets 
Remboursement de timbres 

Passi! 

TOTAL 
Capital SOCial 

Actif total 

Frais de sejour et de deplacement des conferenciers 
Location de salle 
Achat de timbres et de materiel de bureau 
Frais de secretariat (dactylographie) 
Frais de reception 
Frais d'administration bancaire 

TOTAL 
Immobilisation du capital SOCial 

Passif total 

Excedant de ('actif sur Ie passif 

HALIFAX CENTRE 

Chairman 
Secretary 
Treasurer 

Dr P. Jones 
Mr P. Galbraith 
Mr D. Dockendorff 

$ 846.51 
120.00 
600.00 
206.00 
498.99 

0.86 
0.56 

$2272.92 
5.00 

52277 .92 

5 385.40 
50.00 

164.59 
30.00 

150.00 
0.20 

$ 780.19 
5.00 

$ 785.19 

$1492.73 

Mr R. Hill, AES: Ice and Ice Forecasting 

Le tresorier 
Gaetan Soucy 

Meetings Held 

l3lan 1976 
19 Feb Dr. J. Maybank: Air pollution problems from agricultural spraying 

operations 
II Mar 

21 Apr 

13 Oct 
1 Dec 

Dr C. R. Mann, Bedford Institute of Oceanography : Oceanography in 
Eastern Canada 
Dr J . E. Hay. Geography Dept., UBC: Utilization of solar energy for 
domestic heating in the Maritimes 
Mr. T. Hennigar, IWD: Groundwater hydrology 
Dr C. J. Garrett, Oceanography Dept., Dalhousie: Physical-oceanographic 
aspects of Fundy tidal power 
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2 reb 1917 Dr D. A. Huntley , Oceanography Dept, Dalhousie, Waves and currents 
on Beaches 

Financial Statement 

1 January 1976 to 31 December J 976 

Balance on Hand, 1 January 1976 

Receipts 

Interest 30 Apr 1976 
eMS Grant. 25 Oct 1976 
Interest, 25 Nov J 976 

Expenditures 
Outstanding Debts (postage and refreshments) 
Purchase of coffee percolator 
Postage 
Photocopying 
Refreshments 

Cash on Hand, 31 December 1976 

OUistanding Expenditures 
Additional Queen Elizabeth High School 

Weather Instruments 

$ 9.38 
345.50 

4 .95 

$359.83 

$ 16.30 
14.85 
11.30 
4.00 
7.49 

$ 53.59 
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Paul Galbraith 
Secretary 

$ 952 .33 

359.83 

S1312.16 

$ 53.59 

$1258.22 

$1258.22 

$ 224.80 

D. C. Dockendorff 
Treasurer 





INFORMATION FOR AUTHORS 

Editorial policy. At"wJplrert' is a medium for the publication of the results of original re~earch. 
survey articles. essayf\; and book reviews in all fields of atmospheric science. II is published 
quarterly by the eMS with the aid of a grant from the Canadian Government Articles ma )' be in 
either English or French. Contributors need not be members of the eMS nor need they be 
Canadian: foreign contributions are welcomed. All contributions will be subject to a critical 
revie"" before acceptance. Because of space limitations articles should nol exceed 16 printed 
pages and preferably should be shorter. 

Manuscripts ~hould be suhmitled to: Atmmpht'H" Dept. of Meteorology . McGill University. 805 
Sherbrooke St W.o Montreal, Quebec. H3A 2K6. Three copies should be submitted. typewritten 
with double spacing and wide margins. Heading and sub-headings should be clearly designated. A 
concise. relevant and substantial abstmct i:'i required. 

Tables :'ohou)d be prepared on sepamte sheets. each with concise headings. 

F1gures should be provided in the form of three copies of an original which should be retained b)' 
the author for later re ", ision if required. A list of legends should be typed sepamtely. Labelling 
should be made in generous size so that chamcters after reduction are ea~y to read. Line dT<t \\o·ing'i 
... hould be drafted with India ink at least twice the final size on white paper or tracing cloth. 
Photographs (halftones) should he gloos)o prints alleasllwice Ihe final size. 

Units. The International Sy~tem (SI) of metric units is preferred. Unit~ ~hould be abbre .. iated onl ~' 
if accompanied by numerals, e.g., "10 m," hut' 'several metres." 

Footnotes to the text should be avoided. 

Literature citations should be indicated in the lext by author and date. The Ii.;t of reference!» 
should be arranged alphabetically by author, and chronologically for each author. if necessar)o . 

RENSEIGNEMENTS POCR LES AUTEt:RS 

Potitique editoriale. A rmmphi.'/'(· est un organe de puhlication de Tt:sultats de recherche originale. 
d'article:'o .,ommaires, d'essais et de critique .. dan .. Iou., les domame .. deo; "clence'i de ralmo­
..,phhe. II est publie par la SMC a I'aide d'une ~ubvenlion accordee par Ie goU\ ernement canadIen. 
Les articles peuvenl eIre en anglais ou en fmnpis. II n'esl pas neceo;saire que Ie.; auteur\ ... oient 
membre de la SMC les contributions etrangeres sont les bienvenues. A cause des limitation ... 
d'espace les article~ ne dOivent pas depasser 16 pafes dans Ie format final. Tout article 'em 
\oumi~ a un critique independant avant d'ctre accepte. 

lks manuscrils doivent etre envoyes a: AfmfHplti.'I'l', Dep. de meteorologie, L 'Universtle McGill. 
80S Sherbrooke 0 .• Montreal. Quebec, H3A 2K6, lis. doivent etre soumis en trois exemplaires 
dactylogmphies a doubles interlignes avec de larges marge'i. Les titres el ~ous-titre\ doivent 
etre c1airement indiques. Chaque article doit comporter un resume qui soit concis, pertinent et 
substantiel. 

lks tableaux doivent etre prepares et presentes separement accompagnes d'un titre conci s. et d'un 
numero. 

Les graphiques doivent eIre presentes en trois copies dont les originaux devraient etre conserves 
par J'auteur au cas OU ih; seraient necessaire de les reviser. Une liste des legendes des graphiques 
doit etre dactylographiee separement. L 'etiqueltage dOlt etre de grand format de farron a ce qu'il 
soit facilement lisible aprh reduction du format. Le trar;age des lignes doit s'effectuer au moyen 
d'encre de chine en doublant, au moins, Je formal final. Ie loul sur papier blanc ou sur papier a 
calqueret identifie adequatement. Les photographics (demi-teinles) devraient eire presentees sur 
epreuves glacees au double du formal final. 

Les unites. Le Systeme International (SI) d'uniles metriques est preferable. Les unites devraient 
eire abregee~ seulemenl )orsqu'elles sont accompagnees de nombres. ex: "10m," mais "plu­
sieurs metres." 

Les notes de f'alvole au lexle doivent eire evilees. 

Les citations litteraires doivenl eIre indiquees dans Ie texle selon I'auteur ella date. La liste des 
references doi! etre presentee dans I'ordre alphabCrique. par auteuret, si necessaire. dans I'ordre 
chronologique pourchaque auleur. 
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