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SOCIETE CANADIENNE DE METEoROLOGIE ET D'OCEANOGRAPHIE 
26· CONGRFs ANNUEL 

METEoROLOGIE ET OCEANOGRAPHIE A LA MEsOECHELLE 
UNIVERSITE LA VAL. QuEBEC 

CANADIAN METEOROLOGICAL AND OCEANOGRAPHIC SOCIETY 
26th ANNUAL CONGRESS 

MESOSCALE METEOROLOGY AND OCEANOGRAPHY 
LAVAL UNIVERSITY. QUEBEC 

La Societe de meteorologie de Quebec vous souhaite la bienvenue au 26" Congres annuel de la 
SCMO. Votre hOte officiel pour cet evenement est l'Universite Laval. Le Comite organisateur 
espere que votre sejour sera des plus agreables. 

The Quebec Meteorological Society welcomes you to the CMOS 26th Annual Congress. Your 
official host for this meeting is Laval University. The Local Organizing Committee hopes that 
your stay wili be most enjoyable. 

Toutes les activites du Congres se derouleront au Pavilion Vachon sauf la reception de bienvenue 
(pavilion Pollack), la soiree musique (Th~tre de la Cite Universitaire), Ie buffet (pavilion de 
Koninck) et Ie banquet (pavilion Pollack). 

II est important de conserver votre preuve d'inscription pour participer aux activites sociales. 
Afin d' eviter les contraventions, veuillez stationner votre vehicule uniquement dans les 
stationnements publics de I 'Universite ou procurez-vous une vignette de stationnement pour votre 
sejour. Vous pourrez profiter des installations sportives de l'Universite (PEPS) en vous procurant 
un laissez-passer a eet effet. 

Encouragez nos commanditaires et mentionnez que vous participez au Congres de la SCMO. 

Afin d'assurer un bon deroulement du Congres, nous vous demandons de respecter les horaires 
prevus. N'Msitez pas a frequenter les kiosques des exposants commerciaux et n'oubliez pas la 
seance d'affichage Ie jeudi matin. De plus, tous les membres de la SCMO sont invites 11 
participer a I' Assemblee Generale Annuelle qui se tiendra mardi Ie 9 juin, 11 compter de 
20 heures, au local 3860 du Pavillon Vachon. 
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SOME uSEF'Vl. ll'!FORUATIONTOPARttCIPANTs 

All the activities will be held at Pavilion Vachon except the Welcome Party (pavillon Pollack), 
the concert ('Th~tre de la Cite Universitaire) and the following buffet (pavillon de Koninck) and 
the Banquet (pavilion Pollack). 

Keep your proof of registration necessary for social activities. In order to avoid parking tickets, 
park your vehicule in public parkings only or buy a pass for the other parkings. You can benefit 
from the sports installation if you buy the necessary pass. 

Please keep on schedule in all your activities at the Congress. Do not hesitate to visit the 
exhibits and do not forget the poster session to be held on Thursday morning. Please also 
encounrge our sponsors. 

All CMOS members are invited to the Annual General Assembly to be held Tuesday June 9 
starting at 20:00h in room 3860 of Pavillon Vachon. 

coMITt ORGANI~ATEUR , LOCAL ORGANIZING COMMITrEE 

President' Chairman 
Richard Leduc, Direction de l'expertise scientifique 
Environnement Quebec 

Programme scientifique , Scientific program 
Ghislain Jacques, Direction des reseaux atmospheriques 
Environnement Quebec 

Tresorier , Treasurer 
Paul Lamb, Direction des reseaux atmospheriques 
Environnement Quebec 

Exposants commerciaux , Exhibits 
Roger Gagne, Direction des reseaux atmospheriques 
Environnement Quebec 

Programme social' Social activities 
Gaetan Soucy, Direction des reseaux atmospheriques 
Environnement Quebec 

Inscription' Registration 
Pierre Pinard, Direction des reseaux atmospheriques 
Environnement Quebec 
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Subventions et commandites / Grants and sponsorships 
Gilles Boulet, Direction des reseaux atmosph~riques 
Environnement Qu~bec 

Ressources mat~rielles / Facilities 
Michel Ferland, Direction des r~seaux atmosph~riques 
Environnement Qu~ 

Communications / Communications 
Louise Hamel, Direction des communications 
Environnement Qu~bec 

Graphisme / Design 
Caron et Gosselin Communication Graphique 

, " 

" g)~' , DV~OG~ '$CiENTIFIQ'iJE 
'< .'" $~¢ Pit(i9RAM" COMM):l,jil¥, 

President / Chairman 
Ghislain Jacques, Direction des r~seaux atmosph~riques 
Environnement Qu~bec 

Vice-president / Vice-president 
Louis Legendre, OIROQ 

Universi~ Laval 

Conseillers / Members 

Jean CO~ 
Jacques Derome 
Mohamed El-Sabh 
Yves Gratton 
Vladimir Koutitonsky 
Ren~ Laprise 
John McConnell 
Lawrence Mysak 
Normand Silverberg 
Andr~ Tremblay 
Alain V~zina 
Alain Viau 
Ishtar Zawadski 
Peter Zwack 

Environnement Canada 
McGill University 
Universi~ du Qu~bec ~ Rimouski 
Institut Maurice-Lamontagne 
INRS-Oceanologie 
Universi~ du Qu~bec ~ Montr~ 
York University 
McGill University 
Institut Maurice-Lamontagne 
Environnement Canada 
Institut Maurice-Lamontagne 
Universi~ Laval 
Universi~ du Qu~bec ~ Montr~ 
Universi~ du Qu~bec ~ Montr~ 
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Dr Richard Anthes, University Corporation for Atmospheric Research, 
Modelisation a m6soechelle / Mesoscale modeling 

Dr Jean-Pierre Blanchet, Universite du Quebec a Montreal, 
Scenarios climatiques / Climatic scenarios 

Dr David M. Checkley Jr., Scripps Institute of Oceanography, 
Oceanographie des ¢Ches a mesoechelle / Mesoscale fishery oceanography 

Dr Louis A. Codispoti, Monterey Bay Aquarium Research Institute, 
Interactions atmosph~re-cycles geochimiques marins a mesoechelle / Atmospheric-marine 
geochemical cycles interactions 

Dr Stewart J. Cohen, Service de l'Environnement Atmospberique du Canada, Canadian Climate 
Centre 

Le climat et ses repercussions / Climate and its impacts 

Dr Fillipo Giorgi, National Center for Atmospheric Research, 
Modelisation climatique a mesoechelle / Mesoscale climatic modeling 

Dr Jocelyn Mailhot, Service de l'Environnement Atmospberique du Canada, Recherche en 
prevision numerique 

Modelisation a mesoechelle au Canada / Mesoscale modeling in Canada 

Dr Trevor Platt, Bedford Institute of Oceanography, 
Teledetection et production biologique a mesoechelle / Remote sensing and biological 
production 

Dr Jacques Testud, Centre d'Etudes en telecommunications, 
Reseaux d'observation a m6soechelle / Mesoscale observation networks 

Dr Peter Yau, McGill University, 
Physique des pbenom~nes a mesoechelle / Physics of mesoscale phenomena 
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Aanderaa Instruments Ltd, Victoria, B.C. 
Bendix Avelex Inc., Montreat, Qu~ 
Campbell Scientific Canada Corp., Edmonton, Alta. 
Geneq Inc., Montreal, Qu~ 
Guildline Instruments Ltd., Smith Falls, Onto 
Hoskin Scientifique L~, Montreal, Qu~ 
Institut Maurice-Lamontagne, Rimouski, Qu~ 
Meteocean Data Systems Ltd., Darmouth, N.S. 
PCi Toronto, Richmond Hill, Onto 
Plan d' Action Saint-Laurent, Montreat, Que 
Seimac (Ocean Routes) Inc., Darmouth, N.S. 
Service de l'Environnement AtmospMrique du Canada, Montreat, Que 
Simrad Mesotech Systems Ltd., Darmouth, N.S. 
Socomar Inc., Quebec, Que 

Le comite organisateur du congr~s tient ~ remercier Ies personnes et organismes suivants pour 
leur support etl ou leur aide financi~re. 

The Congress organization commitee is very greatful to the following persons and organizations 
for their support and! or sponsorships or grants. 

Association de Climatologie du Quebec (ACLIQ) 
Air Canada 
Association Professionnelle des Meteorologistes du Quebec (APMQ) 
Conseil de Recherches en Sciences Naturelles et en Genie du Canada (CRSNG) 
Groupe Interuniversitaire de Recherches ~ographiques du Quebec (GIROQ) 
Institut Maurice-Lamontagne (IML) 
Minist~re de l'Environnement du Quebec (MENVIQ) 
Mineraux Noranda inc. 
Monsieur Rejean Doyon, Depute de Louis-Hebert 
Monsieur YVOn Valli~res, Ministre delegue h l' Agriculture, aux P~heries, a 
l' Alimentation et au Developpement regional 
Secretariat d'Etat du Canada 
Universite Laval 
Hel~ne Martineau 

Ainsi que les restaurants suivants I and the following restaurants 
Le Bistrot sous Ie Fort, 48 rue sous Ie Fort, Quebec 
Brasserie La Table du Roi, Centre Innovation, 2360 Chemin Sainte-Foy, Ste-Foy 
La Closerie, 966 Saint-Cyrille ouest, Quebec 
Le Saint-Amour, 48 rue Sainte-Ursule, Quebec 
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mineraux noranda inc. 
Division Horne 

Soucieuse de la qualite de son milieu, la 
division Horne poursuit son implication 
en vous offrant I' expertise developp6e a 
ses Services de /'Environnemenl. 

Formes d'one 6quipe multidisciplinaire 
oeuvrant dans les sciences de 
]' environnement, nos services s' occupent 
d'analyses de probl~mes de nature 
environnementale, d '6chantillonnage 
d' eau et de sol ainsi que de previsions 
met60rologiques sp6ciaIis6es. 

Axe autour d'one teclmologie de pointe 
du contrale des impacts 
environnementaux, nos techniques se 
concentrent surtout sur la quaIit6 de 
I' atmosph~re et des effluents. 

Notre action s'inscrit dans la dynamique 
visant Ie respect des reglements et direc­
tives de plus en plus presents, tant pour 
les mines, papeti~res et raffineries que 
pour Ie public en general. 

De fait, notre association avec 
Environnement Canada, Hydro-Quebec 
et le Menviq temoignent de ce 
dynamisme. 

Pour plus d'informations: 

Mineraux Noranda Inc., Division Home 
Services de /'Environnement 
C.P. 2415 Pare Mouska 
Rouyn-Noranda, Quebec, Canada 
J9X 5A9 
Telephone : (819) 762 - 2492 
Tel6copieur : (819) 762 - 1171 

Association professionnelle des 
meteorolOKistes du Quebec inc. 

Notre Association, a but non lucratif, a comme objectifs de: 

• regrouper en corporation les meteorologistes; 

• proteger et defendre I'interet du public; 

• etudier, promouvoir, proteger, developper et defendre de toutes les manieres les 
interets professionnels, sociaux et economiques des membres de la corporation et de 
leur profession; 

• promouvoir la science de la meteorologie et la profession de meteorologiste; 

• promouvoir un code de bonne pratique et favoriser la poursuite de I'excellence 
aupres des membres de la corporation. 

2360 Chemin Sainte-Foy. (2e etage). Sainte-Foy (Quebec) GlV 4H2 (418) 644-3483 



Le bon billet .pour ••• 

SCMO 
du a au 12 juin 

Ii Quebec 
~umero de Conqrel: 

1992 

CV920323 

Air Canada est heureuse de vous accueillir i l'occasion du 
prochain congres "mondial du SCMO l i Quebec. vous pourrez 
profiter d'un excellent sarvice a bord et des nombreux 
avantages offerts par 1es services Reunions d'affaires et 
Congres d'Air Canada. 

En Amerique du Nord, n'hesitez pas i communiquer avec l'equipe 
d'Air Canada i notre numero libra appel 1-800-361-7585, an 
indiquant votre numero de Congres. 

Les congressistes de l'etranger doivent contacter nos bureaux 
outre-mers: Francfort Z5 01 31; Geneve 731 4980· Londres 
(081) 7592636; Paris (;1) 432010200; Vienne (0222i 5861909; et 
Zurich 2110777. " 

Lors de l"mission de votra billet, veuillez instruire l'agent 
de bil1eterie de noter CV920323 dans la case reservee au code 
(IT), et CMOS dans 1a case endos sur votre billet, peu importe 
la base tarifaire. 

Appel.z Air Canada del aujourd'hui at profitez del avantagel 
lulvantl: 

Service direct e~ fiab1e sur les vols Air Canada . 
Reductions allant jusqu'i 50% sur les tarifs normaux 

d'Economique, le minimum garanti etant de 15%, N. A. 
Reductions de 15% sur les tarifs c1asse Affaires, N.A. 
Reduction additionnelle de 5% sur les tarifs 
promotionnels publies (B, H, V), N.A., Ii l'exception 
de la Floride. 

Reductions de 25% sur 1e transport du fret. 
Reductions sur la location de voitures Avis et Budget. 
Credits de millage Aeroplan. 

Au plaisir de vous accueillir en juin prochain, nous vous 
louhaitons un excellent sejour i Quebec. 

Votre Equipe de Congrel d'Air Canada 

LA PASSION DU MONDE "" 
AirC!ada 



Your ticket to ... 

CMOS 
June 8-12, 
in Qu':beo 

Event Null\l)er: 

1992 
City 
CV920323 

Air Canada is pleased to be your host airline for the CMOS 
convention, in Quebec City. You '-II experience our excellent 
Inflight Service and enjoy the many benefits provided by Air 
Canada's Business Meeting & Convention Services. 

In North Amerioa, Air Canada's Team, of knowledgeable customer 
service professionals, is just a phone call away through our 
dedicatea tOll-free line 1-800-361-7585 and quote your event 
null\l)er. ' 

International delegates should contact one of the following 
Air Canada Offices: F~ankfurt 25 01 31; Geneva 731 4980; 
London (081) 7592636; Paris (1) 432010200; Vienna (0222) 
5861909; and Zurich 21'10777. 

When purchasing your ticket, please instruct the ticket agent 
to enter the CV920323 in the Tour Code :box and CMOS in the' 
Endorsement box of your ticket, regardless of the fare basis. 

Call Air Canada today and take advantaq. of: 

Direct and reliaDle servioe on Air Canada. 
Within N.A., savings of up to 50\ on the Regular 

Economr· 
Fares w~th a minimum guaranteed savings of 15\. 
Within N.A., s«vings of 15\ on Executive Class Fares. 
Within N.A., an additional 5\ reduction on promotional 

fares (Booking class.s B, H and V only), except 
Florida. 

Savings of 25\ on Cargo in each direction. 
Savings with Avis and Budget. 
Accumulate valuable Aeroplan Points. 

We wish you a very successful convention in Quebec City and 
look forward to seeing you in June 1992. 

Your Air Canada Convention Team 

ABOVE AND BEYOND 
AirC!ada 



BtuNIONS DES coMITEs DE LA ScMO 
cMOS COMlWTI'EEMEET.IJI1GS , 

TOUTES CES REUNIONS SE TIENNENT AU PAVlLLON VACHON 

ALL THESE MEETINGS TO HELD IN PAVlLLON VACHON 

LUNDI 8 JUIN / MONDAY JUNE 8 

Heure / Time: 09hOO-12hOO 

Scientifique-Scientific 
WOCE 

Publications 
Bulletin Climatologique-Climatological Bulletin 
Presentateurs medias-Broadcaster Endorsement 
SHOGON 

CNC-SCOR 

GIS-SIG: Mesoechelle-Mesoscale 
GIS-SIG: Meteo o¢rationnelle-Operational Met. 
GIS-SIG: Agr. et foresterie-Agr. and forestry 

Heure / Time: 13h30-16h30 

WOCE 

Publications 
Professionnalisme-Professionalism 
Education 
Presidents des Centres-Centers Chairman 
Accrediation-Accreditation 
Atmosphere-Ocean-Atmosphere-Ocean 
CNC-SCOR 

GIS: Oceanog. des peches-Fisheries Oceanog. 

Heure / Time: 16h30-18h30 

GLOBEC 

13 

local/room 
1216 
1613 
2820 
2826 
3620 
3820 
3624 
3840 
3870 
2860 

local/room 
1613 
2820 
1216 
2826 
3620 
3624 
3840 
3870 
2860 

3860 



AUI1U!S RmlNIONS IMPOItTANTI!S 
OTHER IMPORTANT MEEllNGS 

LUNDI 8 JUIN / MONDAY JUNE 8 

Heure / Time: 16hOO-18bOO et de / and from 20bOO 

SCMO Conseil d'administration 
CMOS Executive Meeting 

MARDI 9 JUIN / WESDAY JUNE 9 

Heure / Time: 18bOO-20hOO 

APMQ Assembl~ G6n6rale S¢Ciale 
APMQ Special General Assembly 

Heure / Time: de/from 19bOO 

BASE 

Heure / Time: de/from 20bOO 

SCMO Assembl~ G6n6rale Annuelle 
CMOS Annual General Assembly 

MERCREDI 10 JUIN / WEDNESDAY JUNE 10 

"eure I Time: lShOO-l7hOO 

ACLlQ Assemblee Generaie Annuelle 
ACLlQ Annual General Assembly 
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local/room 
Pollack 
Salle 2 

Vachon 
2840 

Vachon 
2820 

Vachon 
3860 

Vachon 
2860 



.+. Peches 
et Oceans 

Renseignements: 

Institut Maurice-Lamontagne 
Ministere des PAches et des Oceans 
850 route de la Mer 
C.P.l000 
Mont-Joli (Quebec) 
G5H 3Z4 

Tel: (418) 775-0500 

Fisheries 
and Oceans 

Les eaux de ['estuaire. 
du golfe du Saint- . 
Laurent et celles bor­
dantle Quebec nordi­
que regorgent de 
ressources. Depuis 
Mont-JoiL notre equi­
pe de plus de 250 
personnes poursuit 
des recherches de 
pointe sur ['etat de eel 
environnement marin 
et sa mise en valeur. 
Nous sommes fiers 
d'etre un partenaire 
important dans b re­
cherche sur Ie milieu 
marin au Quebec. 

Canada 
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REsQME DES 'SESSIONS 

Lundi, 8 juin 1992 

17H30 R6ceplion de bienvenue 

Mardi, 9 juin 1992 

09HI5-09H50 Mots de bienvenue 
09H50-12HI0 SESSION PLENIERE TIlEMATIQUE: M~~orologie el Oc~anographie 

i la m6so6chelle (0) 
13H30-15HIO SESSION 2A: Mod~les num6riques de pr6vision du temps el 

assimilation des donnus I 
13HIO-lSHIO SESSION 2B: Couch. limile 
13H30-ISHIO SESSION 2C: Oc6anoaraphie II grande 6chelle: ECOM I 
ISH30-17HIO SESSION 3A: Mod~les num6riques de pr6vision du temps el 

assimilation des donn6es II 
ISH30-17H30 SESSION 3B: Te.tes, synoptique, 6tudes de cas et 616ments associ6s 

ISij30-16H30 SESSION 3C: Oc~anographie a grande 6chelle: ECOM II 

Mercredi, 10 juin 1992 

08H30-09HIO 

·09HlO-IClHJO 
09HI0-IOH30 
08H30-lOH30 

IOHSO-12HI0 
IOHSO-12HIO 
IOHSO-12HIO 
IOH50-12HIO 
13H30-15HIO 
13H30-15HIO 
13H30-15HIO 

13H30-14HSO 
15H30-17HIO 
15H30-17H30 
ISH30-17H30 
15H30-17HIO 
17H4S-18H4S 
19HOO-

SESSION PLENIERE TIlEMATIQUE EN METEOROLOGlE: La 
physique des pMnomenes a m~so6chelle (0) 
SESSION 4A: Physique des Duages: micropbysique 
SESSION 4B: Me~orologie d'exploitalion I 
SESSION 4C: Plaleaux ·continentaux: m~ologie el oc6anographie I 

SESSION SA: Physique des nuages: radialion 
SESSION 5B: M6tt!orologie d'exploitation II 
SESSION 5C: Plateaux continentaux: m6tt!orologie et oc6anographie II 
SESSION SO: Circulation oc6anique thermohaline 
SESSION 6A: Radar-m6160rologie el inslrumentation I 
SESSION 6B: M6t6orologie dynamique a grande 6chelle I 
SESSION 6C: Glace-oc6an en zones nordiques: mod61isalion el 
observations 
SESSION 60: Ondes, m61ange el convection I 
SESSION 7 A: Radar-m6t60rologie el inslrumentalion II 
SESSION 7B: M616orologie dynamique II grande 6chelle II 
SESSION 7C: Mouvemenls tourbiIIonnaires 
SESSION 70: Oc6anographie cOliere el estuarienne I 
Concert 
Buffet 

(0) INDlQUE LES SESSIONS AVEC CONFERENCIER(S) INVm\(S) 

LES NUMEROS DE SALLE IN DIQuEs SONT AU PAVILLON VACHON SAUF MENTION CONTRAIRE 
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Pollack 

2850 
2850 

2860 

2840 
3830 
2860 

2840 

3830 

2880 

2840 
2830 
3830 

2840 
2830 
3830 
3820 
2840 
2830 
3830 

3820 
2840 
2830 
3830 
3820 

Th6ftlre 
de Koninek 



Jeudi, 11 juin 1992 

08H30-09HIO 

09HIO-IOHSO 

10HSO-12H30 

1 OHSO-12Hl 0 
10HSO-12HIO 
10HSO-12HIO 
13H30-ISHlO 
13H30-1SHIO 

13H30-14HIO 

14HIO-ISHIO 
ISH30-17H30 
ISH30-16HSO 
I5H30-16H30 
ISH30-16HSO 
18H30-

SESSION PLENIERE THEMATIQUE: I.e climat et ses repercussions 
(*) 
SEANCE D' AFFlCHAGE 

SESSION 8A: T61ed6tection satellitaire I 

SESSION 8B: Chimie atmospberique: mesures 
SESSION 8C: Oceanographie c6tiere et estuarienne II 
SESSION 8D: Ondes, melange et convection II 
SESSION 9A: Teled6tection satellitaire II 
SESSION 9B: Chimie atmospherique: model"", transport et chimie des 
nuages 
SESSION PLENIERE THEMATIQUE EN OCEANOGRAPHIE: La 
t6led6tection et la production hiologique marine (*) 
SESSION 9C: Oc6anopphie des peches: OPEN I 
SESSION lOA: ClimatoloJPe 
SESSION lOB: Chimie atmosph6rique: ozone 
SESSION IOC: Oc6anographie des peches: OPEN II 
SESSION 10D: Oc6anographie satellitaire: ERS-I I 
Banquet 

Vendredi, 12 juin 1992 

08H30-09HIO 

08H30-09HIO 

09HIO-IOH30 
09HIO-11H30 
09HlO-IOH30 
IOHSO-12HIO 
lOHSO-12H30 
JOHSO-I2H30 
13H30-ISHIO 
13H30-ISHIO 
ISH30-17H30 
ISH30-17H30 

SESSION PLENIERE THEMATIQUE EN METEOROLOGIE: La 
meteorologie II la m6s06chelle (*) 
SESSION PLENIERE THEMATIQUE EN OCEANOGRAPHlE: La 
t6led6tection et la production biologique marine (*) 
SESSION 11A: M~m6teorologie I 
SESSION 11 C: Oc6anographie biologique 
SESSION lID: Oceanographie satellitaire: ERS-l II 
SESSION 12A: M~-met60rologie II 
SESSION 12B: Mod~les climatiques mondiaux (*) 
SESSION 12D: MeB interieures et semi-fermees 
SESSION 13A: M~meteorologie III 
SESSION 13B: Mod~les climatiques r61lionaux (*) 
SESSION 14A: M6t60rologie satellitaire 
SESSION 14B: Modeles climatiques mondiaux 

(*) INDIQUE LES SESSIONS AVEC CONFERENCIER(S) INVrr£(S) 

LES NUMEROS DE SALLE INDlQUEs SONT AU PAVn.LON VACHON SAUF MENTION COm1lAlRE 
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28S0 

hall des 
exposanls 
3830 

2840 
2860 
2830 
3830 
2840 

2880 

2860 
3830 
2840 
2860 
2830 
Pollack 

2880 

3830 

2880 
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Monday, June 8, 1992 

17H30 Ice breaker 

Tuesday, June 9, 1992 

09H1S-09HSO 
09HSO-12HIO 

13H30-1SHIO 

13HIO-ISHIO 
13H30-1SHIO 
ISH30-17HIO 

ISH30-17H30 
ISH30-16H30 

Welcoming Remarks 
PLENARY THEME SESSION: Mesoscale Meteorology and 
Oceanography 
SESSION 2A: Numerical weather prediction models and data assimi­
lation I 
SESSION 2B: Boundary layer 
SESSION 2C: Large scale oceanography: WOCE I 
SESSION 3A: Numerical weather prediction models and data assimi­
lation II 
SESSION 3B: Storms, synoptics, case studies and associated elements 
SESSION 3C: Large scale oceanography: WOCE II 

Wednesday, June 10, 1992 

08H30-09HIO 

09HIO-IOH30 
09HIO-IOH30 
08H30-IOH30 
IOHSO-12HIO 
IOHSO-12HI0 
IOHSO-12HIO 
IOHSO-12HIO 
I3H30-1SHIO 
I3H30-ISHIO 
I3H30-ISHIO 
I3H30-14HSO 
ISH30-17HIO 
ISH30-17H30 
ISH30-l7H30 
ISH30-17HIO 
17H4S-l8H4S 
19HOO-

PLENARY THEME SESSION IN METEOROLOGY: The physics of 
mesoscale phenomena 
SESSION 4A: Cloud physics: microphysics 
SESSION 4B: Operational meteorology I 
SESSION 4C: Continental shelves: meteorology and oceanography I 
SESSION SA: Cloud physics: radiation 
SESSION SB: Operational meteorology II 
SESSION SC: Continental shelves: meteorology and oceanography I 
SESSION SO: Thermohaline ocean circulation 
SESSION 6A: Radar-meteorology and instrumentation I 
SESSION 6B: Large-scale dynamic meteorology I 
SESSION 6C: High latitude ice-<lCeall: modelling and observations 
SESSION 60: Waves, mixing and convection I 
SESSION 7 A: Radar-meteorology and instrumentation II 
SESSION 7B: Large-scale dynamic meteorology II 
SESSION 7C: Eddies and Rings 
SESSION 70: Coastal ana estuarine Oceanography I 
Concert 
Buffet 

(.) INDICATES SESSIONS WITH INVITED SPEAKER(S) 

ROOM NUMBERS REFER TO PAVILLON VACHON EXCEPT OTHERWISE INDICATED 
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Thursday, June 11, 1992 

08H30-09HIO 
09HIO-IOHSO 

10HSQ-12H30 
10HSO-12HIO 
10HSO-12HIO 
10HSO-12HIO 
13H30-lSHlO 
13H30-lSHlO 

13H30-14HIO 

14HIO-lSHIO 
lSH3Q-17H30 
lSH30-16HSO 
lSH30-16H30 
lSH30-16HSO 
18H30-

PLENARY THEME SESSION: The Climate and its impacts 
POSTER SESSION 

SESSION 8A: Satellite remote sensing I 
SESSION 8B: Atmospheric chemistry: measurements 
SESSION 8C: CoastaJ and estuarine Oceanopphy II 
SESSION 8D: Waves, mixing and convection II 
SESSION 9A: Satellite remote sensing II 
SESSION 9B: Atmospheric chemistry: models, transport and cloud 
chemistry 
PLENARY THEME SESSION IN OCEANOGRAPHY: Remote sensing 
and marine biological production 
SESSION 9C: Fishery oceanollraphy: OPEN I 
SESSION lOA: Climatology 
SESSION lOB: Atmospheric chemistry: ozone 
SESSION 10C: Fishery oceanography: OPEN II 
SESSION 10D: Satellite oceanollraphy: ERS-l I 
Banquet 

Friday, June 12, 1992 

08H30-09HIO 

08H30-09HIO 

09HIO-IOH30 
09HIO-11H30 
09HIQ-IOH30 
IOHSQ-12HIO 
lOHSQ-12H30 
10HSO-12H30 
13H30-lSHlO 
13H30-lSHlO 
lSH30-17H30 
lSH3Q-17H30 

PLENARY THEME SESSION IN METEOROLOGY: Mesoscale 
meteorology 
PLENARY THEME SESSION IN OCEANOGRAPHY: Remote 
sensing and marine biological production 
SESSION llA: Mesoscale meteorology I 
SESSION llC: Biological oceanography 
SESSION lID: Satellite oceanography: ERS-l II 
SESSION 12A: Mesoscale meteorology II 
SESSION 12B: Global climate models 
SESSION 12D: Inland and semi-enclosed seas 
SESSION 13A: Mesoscale meteorology III 
SESSION 13B: Reponal climate models 
SESSION 14A: Satellile-meteorolollY 
SESSION 14B: Global climate models 

(*) INDICATES SESSIONS wrrn INVlI'ED SPEAKER(S) 

ROOM NUMBERS REFER TO PAVn.LON VACHON EXCEPT OTHERWISE INDICATED 
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PROGRAMME I PROGRAM 

09:1S MOTS DE BIENVENUE I WELCOMING REMAIUCS 

09:S0 AN OVERVIEW OF MEsoSCALE MODELLING IN CANADA: TODAY AND TOMORROW 
Jocelyn Mailhot (conferenciu invit6 I invited speaker) 

Recherche en pr<!vision num<!riquo, Atmospheric Environment Service, Dorval, Quebec, 
Canada 

lOlOo.10HSO PAUSE-CAFE I COWEE BREAK 

10:S0 INvESTIGATING THE RELATIONSHIP BETWEEN MEsoSCALE METEOROLOGY AND CHEMICAL 
OcEANOGRAPHY: PROBLEMS, PROMISE AND A SUGGESTED PLAN OF ATIACK 

Louis A. Codispoti (conferencier invite I invited speaker) 
Monterey Bay Aquarium Research Institute, Pacific Grove, California 93950, U.S.A. 

11:30 OBSERVATIONAL SYSTEMS FOR MOIST CONVECTION AND MEsoSCALE DYNAMICS IN THE 
ATMOSPHERE 

Jacques Testud (conf6rencier invit61 invited speaker) 
Centre de Recherche en Physique de l'Environnement, CNET, Issy les Moulineaux, France 

UHIO-13100 DtJEUNER I LUNCH 

MAl\pl /~AY; . 13IiJo..lSH10 SALLE i RooM:U60 

$ES8JON l~~ ltf!>.D~~I9Q.~DE ~SJON·DU ~ ~~TI()N1)EsDON'NtEs 1 · 
~£i'tl'1~: . flWt C&m,~D&t$lON DtRt;CmCBE ENPRtviSiorrNtJMWQU2, SEA . 
SESSIoN 2.A: . NUMEluCAL,WUTlttit rREDicnON lIIOOtt.$ ·ANj) DAtA,·ASSIMILATlON I . . 

,.... • ., . ~. • .~. • • •• < . , •• " . , . ~ . • •• , 

13:30 HISTORY AND PREsENT StAT1!S OF mE FRENCH PEluOOT NWP SYSTEM 
R. Juvanoo du Vacllat 

Direction de I. M6t60rolo~e - SMIRIC, Paris, FRANCE 
H.L. Pham 

Directioo de 10 M61<!orologie - DMN, Boulogoe, FRANCE 
J.F. Geleyn 

Directioo de 1& M6l<!orolo~e - CNRM, Toulouse, FRANCE 
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13:50 THE REGIONAL FORECAST SYSTEM AT CMC: DESCRIPTION AND PRELIMINARY RESULTS 
Michel Jean, Richard Ho~e 

Canadian Meteorological Centre, Dorval, Quebec, Canada 

14:10 PHYSICAL PARAMETERIZATION FOR mE FuTURE CANADIAN FORECAST MODELS 
B. Bilodeau, J. Mailhot 

Recherche en pr6vision num6rique, Service de l'environnement atmosphc!rique, Dorval, 
Qu6bec, Canada 

G. Pellerin 
Canadian Meteorological Centre (CMC), Service de l'environnement atmosph6rique, Dorval, 
Qu6bec, Canada 

14:30 TOWARDS A HIGHER REsoLUTION VERSION OF mE CANADIAN GLOBAL SPECTRAL MODEL 
Harold Ritchie, C. Beaudoin 

Recherche en prevision numerique Service de I'environnement atmosph6rique, Dorval, Qu6bec, 
Canada 

14:50 MEDIUM RANGE STRATOSPHERIC FORECASTS WITH A GLOBAL SPECTRAL MODEL 
M. Tanguay, H. Ritchie 

Recherche en pr6vision numerique Service de I' environnement atmosphc!rique, Dorval, Quebec, 
Canada 

MARDI I TUEsoAY, 131110.15HiO SALLE / ROOM: 2840. 
SESSION 2B:. COUCBE LIMITE 
~ENT / CtW~: ~ONiQtwLECiJ!~j:, DtPA1(~ I;I~PHYSIQUE, UMVERSITt Dti QtitIlEC A 
MoNTRtAt 
~IONl.k BotiNl)AlIY ..... ~. 

13:10 NEW PDL RESIsTANCE LAWS: A PROPOSAL 
John L. Walmsley 

Atmospheric Environment Service, Environment Canada, Downsview, Ontario, M3H 5T4 

13:30 LARGE EDDY SIMULATIONS OF TIlE ATMOSPHERIC BoUNDA1(Y LAYER 
X. Cai, D.G. Steyn 

Institute of Applied Mathematics and Atmospheric Science Program, Department of Geography, 
University of British Columbia, Vancouver, B.C., Canada 

13:50 BoUNDARY LAYER PROCESSES NEAR AND OYER LAKE ONTARIO 
Keith W. Ayotte, Peter A. Taylor 

Department of Earth and Atmospheric Science, York University, North York, Ontario, Canada 

14: 10 AN EXAMINATION OF mE OF ROLE TURBULENCE CLOSURE IN MODELED FLOW OVER COMPLEX 
TERRAIN 

Keith W. Ayotte, Dapeng Xu, Peter A. Taylor 
Department of Earth and Atmospheric Science, York University, North York, Ontario, Canada 

14:30 THE INNER BOUNDARY LAYER OVER A PRAIRIE LAKE 
Bernard C. Kenney 

National Hydrology Researcb Institute, Environment Canada, Saskatoon, Sask. , Canada 
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14:50 THE REGIONAL EVAPORATION STUDV. PART m: MODEL PREDICTIONS OF BoUNDARY LAVER 
EVOLVI10N 

C.M. Sacldw 
Atmospheric EnvitOQlDeOt Service. Environment Canada. SaskatOOD. Sm .• C8IIada 

!\~II~i!Y.13.1Ii0;.'$1'" ',' ;: .:; , ' co '. SALlE lROOM: 38;i9 
,$5$ Oil{ , C; , ~~c~ GIW!!!J:·tt~~ J::,', M J 
l'I$@~1~, l'AVL. ~:u>Nb; »~~n.mtt9" ~!W'IfY. UNlVEIlSlTV QF BlU11SlI 
CQIitiMIJ!A ',,",,',. '., . 

~OJ',i'Z~:iJ¥G,~~~ 9C~~; W~I" 

13:30 LA CiRCULATION DANS L'OCW NORD-ATLANTIQUE OUEST 
T.R. Reynaud. A.J. Weavu 

o.!partement des Sciences Atmospbtriques el ~graphiques. Universill! McGill. MODtreaI. 
Quebec. Canada 

RJ. Greathatch 
Department of Physics. Memorial University. St. 1ohn's. Newfoundland. Canada 

13:50 INTERPENTADAL ClIANGES IN THE NORTH ATLANTIC CIRCULATION 
Richard J. Greathatch, Augustus F. Fanning, Allan D , Gouldiog, fie Xu 

Department of Physics, Memorial University of Newfoundland, St. John'., Newfoundland, 
Canada 

Sidney l..evitus 
N.tiOD&l Oceanographic Data CeDterlNOAA, Washingtoo, D.C., U.S.A. 

14: 10 MICROSTRucnJRE MEAsvlmItENTs DURING mE NORTH ATLANTIC TRACER RELEASE 
ExpERIMENT (WOCE CORE-3) 

Barry Ruddiclc, Jim Bm .. 
Department of Oc:eanography, Dalhousie University, Halif"". Nova Scotia, Canada 

Neil Oakey 
Deputment of Fisheries ODd Oceana, Bedford lDstitute of Oceanography, Dartmouth, Nova 
Scotia, Canada 

14:30 SUMMER SEA SURFACE TEMPERAWRE VAlUABILlTV OFf' VANCOUVER ISLAND 
Weodoog Fang, William W. Hsieh 

Dept. of Oceanography, University of British Columbia, Vancouver, B.C. , C8IIada 

14:50 OPTIMAL CONTROL OF OPEN·OCEAN BoUl\'DARY IV ASSIMILATING ALTIMET1!Y DATA INTO A 
REGIONAL CIRCULATION MODEL 

lieping Zoo, William W, Hsieh 
Dept. of Oceanography, University of British Columbia, Vaocouver, B,C., Canada 

lSHlo..lSHJO PAUSE-CAFE I COFFEE BREAK 
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M,\Riil I TUESDAY, lSJQO·J.7H10 SALLE; I ROOM: 2860 
SESSION 3M MOD.tLES NUMtRlQUES .DJ;:. PIltVlslOIiI DU TEMPS ET ~T10N DES OONNUS U 
~DEtIT 'CIJ~: ANDRt ,ROB~t~ DtrART£MENT DE I'HVSlQVE, U~il$ITt- Dlt QIltlIEC A 
MoNTRtAL 
SESSION 3A: NOMEIUCALWEA.THER ~1C:nON MODELS AND DATi' ASSIMILA:nONII 

15:30 SI'ECTRAL CHARACTERISTICS OF KALMAN FlLTEtI. SYsn:MS FOR ATMOSPHERIC DATA 
ASSlMJLATION 

ROier Daley 
Atmospheric Environment Service, Dowosview, Ontario, Canada 

Richard Menard 
Dt!partemeot des sciences atmospMriqueo, etoceaniques, Universite McGill, Mon~a1, Quebec, 
Canada 

15:50 REcOVERY OF UNOBSERVED VARIABLES fROM SINGLE-DoPPLER RADAR OBSERVATIONS 
Stephane Laroche et Isztar Zawadzki . 

D6partemenl de physique, Universir.! du Quebec • Montreal, Mon~al, Qu~, Canada 

16: 10 EXPERIMENTS WlTH NON·NORMAL MODE INIn.U.IZATiON OF A SHALLOw,WATEtI. L~nTE[)' 
AR£A MODEL 

R. Juvanon du Vacha! 
Direction de 1& m6t60roloiie, SM1RIC, Paris, FRANCE 

16:30 SEMl·LAGRANGIAN TECHNIQUES AND OROGRAPHY 
Chantal Rivest, Andrew Slmiforth 

Service de l'envirollllCmenl Itmosphmque, Dorval, Quebec, Canada 

16:S0 PltELlMlNARY DYNAMIC EXTENDED RANGE FORECASTS WlTH TIlE CANADIAN GLOBAL 
SPECTRAL MODEL 

Harold Ritchie, B. Dugas 
Rechercl1e en previsioD num6rique, Service de I'environnement atmosphtrique, Dorval, 
Quebec, Canada 

A.M. leduc 
Centre M6t60rolog;que Canadien, Service de I'environnement atmospbmque, Dorval, Qu~, 
Canada 

J. Derome, J. Sheng 
Department of Atmospberic and Oceanic Sciences, McGill University, Montreal, Quebec, 
Canada 

MARDI I TUESDAY; 15B3H7IDO . SAU.E IltOOM:l840 
SESSION 3B: T~. '$V1{OI'i1QtJE, troDES DE CAS E'r #l.tMmrs ASSOCrtS 
PRtsIDEtIT ' .CRAlIIMAH: 1. R, GV-U:UM,l)UAIlTMEtIT OF An.1osPBERlC AND OCEANIc .SCIENCES, Mc 
GILLUl'i1VERSlT¥ . 

SessION 3Ji: SrQRMS,SYNOmcs, CASt snlDlES AND ASsocIAi:ED ELEMENTS 

15:30 BAROCUNIC INS'TABIUTV IN A TwO-LAYER MODEL WlTH PARAMETERIZED SLANTWISE 
CONVECTION 

G. Balasubramanian, M.K. Yau 
Dept. of Atmospheric and Oceanic Sciences, McGill University, Montreal, Quebec, Canada 

24 
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15:50 DYNAMICS OF A MATURE FllONT IN A UNIfORM PoTENTIAL VORTICITY SDIIGEOSTROPHIC 
MODEL 

John N. Koshyk 
NUQlericaJ ModeUine Division. CaDadian Climate Centre. Downsvi<>w. Ontario. Canada 

Han-Ru Cho . 

Depanment of Physics. University of Toronto. Toronto. Ontario. Canada 

16:10 A DIAGNOSTIC STl!DY OF TIlE EAltLy PHASES OF 16 NORTH PAClflC CYCLON&S 
R.W.P. Kelly. J.R. Gyakum 

Depanment of Atmospheric ODd Oceanic Sciences. McGill University. Montreal. Qu!bec. 
Canada 

16:30 SENSITIVITY STUDY OF THE EFll MODJ!:L ON THE 28 SIU'TEMIIER t.m PACIfIC BoMB CAS!!: 
Riehud HOiUe. Louis Lefaivre 

Analyses and Satellite Division. Canadian Meteoroloaical CAllre. Dorval. QuEbec. CaDada 
Normand Brunet 

Numerical Weather Prediction Division. CaDadian Meteoroloaical CAltre. Dorvll. Qutbec. 
Canada 

16:50 EsTIMATION DU MOUVEMJ!:NT VERTICAL A L'AlDE DES DONNI!ES DE SURFACE SEULEMENT: 
mmCATION OBJECTIVE 

Robert Tudif 
CAltre M6!6oroloaique Canadien, Service de l'enviCODDement .tmosphtrique. Dorval, Qu6bec, 
Canada 

Peter Zwack 
Dtpartemeol de Physique, Universili! du Qutbec , Mootrtll, Montreal, Quo!bec, CaD.da 

17: 10 SJ!:VERE WIND DAMAGE DtJE TO A RJ!:AR INJI1.ow JET: A CASE STUDY OF TIlE 28 MARCH 1991 
MEsoSCALE CONVECTIVE SYSTEM 

SIeVe Knott. Paul Joe 
Atmospheric Environmeot Service, Toronto. Ontario, Canada 

Catherine Denis Van de Velde 
Me~P~,ToWo~,FrlDce 

MAilDli TUEsDAY, · t5R3M6iJ30 . . SALLE I ROOM: 3830 
sESSION 1C: OCtANooRAPiUE A:GRAJIII)E 't(:JimJ;E: ·li!COM n 
htsJDENT I CHAIRMAN: RICHARD GREATIIATcH, Jj£PARTMEHr OF PuYSlCS; l\IEMoJuAL UNlVERS)"rv, 
ST. JOHN'S 
SESSION.3C: l.(AJtGE .SCALE OCl!ANPGRAI'HJ! wbcE n 

15:30 DEJ!:P WATER MAss PROPERTIES IN A 2.5-D MODEL OF THE GLOBAL OCEAN 
Dan Wright 

&dford Institute of Oceano&raPhy. Dartmouth., Nova Scotia, CaDada 
Thomas Stocker 

Lamool-Doberty Geoloaical Observatory. New-York, N.Y., Canada 

15:50 ON EQUATORIAL KELVIN WAVES IN NUMERICAL OCEAN MODELS 
Max K.F. Ne, William W. Hsieh 

Dept. of Oceanography. University of British Columbia, Vancouver. B.C., Canada 

2S 



16: 10 INTENSE CUaRENTS IN TilE DEEP NORrn-EAST PACIFIC OCEAN 
Howard Freeland 

institute of Ocean Scieoces, Sidney, B. C., Canada 

MEltCREDI / WililNESuAY, O8H;lO-G9HIO SAI.tE /RooM: 2880 
SESSION ~TtQUE PLtmEltEEN MtrtoROLOGIE: LA- PlIYSlQQE DESl'iItNOMENES A 
~tcHELLE 
PRt.sIDENT / CIIAllIMAN: GEORGE IS.UC,. CLOUD ~CS RESEAl!.CH DIVISION, SEA 
PLENARY SESSION IN .METEO~OLOGY: THE PllYSICS 01'. MEsosCALE. PltWQMENA 

08:30 TilE PHYSICS Of MEsoscALE PIIENOMENA 
M.K. Yau (conf6reocier invit6 I invited spe..ker) 

Department of Atmospheric and Oceanic Scieoces, McGill University, Montreal, Quebec, 
Canada 

MERCREDI/ W£D)'lESDAY, 09BIJ-lQIDO SALLE I R,Oj}M: 2840 
SESSION 4A: J'Hr$lQUE DES NUAGiS: .MJCROPIIYSIQUE 
~ENT I OIAlJIMAN: GEOIlGE WAC, CLOUD PHvSlcs ·RmARcn DO'lSION, AES 
SESSION 4A: COOUD PIfYSlCS: .MlCROPIIYSICS • .. !. 

09:10 THE EfFECT OF V..uuous DISDROMETER CALtBRATIONS UPON nlE MEASUREMENT OF 
RAlNDROP-SIZE DISTRIBUTIONS IN MALAySIA 

Grea M. McFarquhar, Roland LUt 
Department of Physics, University of Toronto, Toronto, Ontario, Canada 

09:30 A NEW ApPROACH TO CALCULATE COLLISION RATES FOR DROPLETS IN TURBULENT CWUDS 
Anna S. Koziol and Henri G. LeiBbtOD 

Department of Atmospberic and Oceanic Sciences, McGill University, Montreal, Quebec, 
Canada 

09:50 ClIARACTElUSTlCS Of A DRY LAYER BENEArn A CIRRUS CWUD 
Ismail Gullepe 

NASA, GSFC Code 913, Greenbelt, Maryland, U.S.A. 

10: 10 NUMERICAL MODWNG OF ENrRAINMENT AND CWUD DROPSIZE DISTRIBUTION 
P. Vaillancourt and M.K. Yau 

Department of Atmospheric and Oceanic Sciences, McGill University, Montn!a1, Quebec, 
Canada 

26 



MESCRE!)i i W~l'itSD:.(r, ' °881 .. 1_ ' SALLE , ~OOM: 2830 
SESSION 4B: Mttt,Q"O~D'lOOt.OiTATIQNI 
PRtsmEN'T I CHAIRMAN: l'ETER ZWAI%, l>tfoAJtTl!MENr DE 'I'HYslQUE, UmVERSITt DU QutBEC }. 
MoN1'ltt.U. 
SESSION4B: ,O~nOl"AL ME1'&OROLOGY I 

09: 10 WSR-88D: MEsoscALE CIlARACTER OF ~ WIJI/TEK STORMS 
Leslio R. Lemon 

Paramax Systems Corporation, Great Neck. New York, U.S.A. 
Larry J. Rlilhi 

National Woather Setvice, Woacber Service Forecast Office, Notmlll, Otbhoma, U.S.A. 
David A. Imy 

WSR-88D OpcratioaaJ Support Facility, OpcratiollS Trainina Branch, Notmlll , Oklahoma, 
U.S.A. 

09:30 PRtVISIONS DE LlG"'ES DE BOIJRMSQUES DE NEJGE }. LA Mtso-tcH£U.E 
Denis Bachand, roan Morissette 

Centre M~thoroIogique du Quebec, Ville Saint-Laureot, Qu6bec, c.nada 

09:50 EVALUATION DU MODtu DE VENI'}. LA Mtso·tcHELLE BoLON 1 DANS LA VALLtE DU SAlNT­
LAURENT 

Gilles Morneau, Michelle Hardy 
Service de I'EnviroDnemeut Atmosplk!rique, Environnemeat c.nada, Ville Saiat-Laurecl, 
Qu6bec, c.nada 

10: 10 L'tvALUATION Dt! POTENTIEL TORNADIQUE &T SON SUIVI AU C.M.Q. POUR LE CAS DU 27 AOOT 
1991 (MASKINONGt) 

Heuri-Paul Biron, Mario Benjamin, Richard Moffet, Guy Viau 
Ceatre M~tWrologique du Qu~, Ville Saiat·Laureot. Quebec, Caaada 

MIltCJtj!:DII W~4li, "~10104i SAu..E I ~OOM: 333e 
SESSION 4C:PI..\'nl4;tIX i».N'I:1NI!NJ'4~~Rot.OGm tt-0C'tAN0G1WIIIE I 
PUsm£NT I C~:, :I'f:1'p, C. SMmt. ,D~~ 'OF Fi!;jIERirs A.~ OcEANS, B£DFORD 
INsnron: OF ~IW'lfY 
SEsSION 4t; CONT1l'lENrAL,SUEttm: MrJ'EOllOLoov AND OCUNOGIWHY J 

08:30 LoNG-TERM l'EMYERATURE AND SALINITY V A1UABIUTY ON THE ScOTIAN SHELF AND IN THE 
GULF OF MAINE 

B. Petrie, K. Drialcwater &ad R. Pettipas 
Department of Fisheries and Oceans, Physical and Chemical Scieaces Branch. Bedford lnstitute 
of Oceanography, Dartmouth, Nova Scotia, c.nada 

08:50 CURRENT AND HVDROGRAI'lIIC V AIUAIIILITY ON THE SOUTHEAST SIIOAL OF THE GRAND BANK 
r.w. Loder, C.X. Ross 

Departmeot of Fisheries and Oceans, Bedford lnstitute of Oceanopphy, Dartmouth, Nova 
Scotia, c.nada 
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09:10 ON mE BAROCLINIC DYNAMICS, HAMILTONIAN FORMULATION AND GENERAL STABILITY 
CHARACTERISTICS OF DENSITY-DRIVEN SURFACE CURRENTS AND FRONTS OVER A SWPING 
CONTINENTAL SHELF 

Gordon E. Swaters 
Department of Mathematics, University of Alberta, Edmonton, Alberta, Canada 

09:30 LocAL AND REMOTE FORCING OF THREE-DIMENSIONAL CIRCULATION ON THE SCOTIAN SHELF 
Iinyu Sheng and Keith R. Thompson 

Department of Oceanography, Dalhousie University, Halifax, Nova Scotia, Canada 

09:50 LAGRANGIAN CIRCULATION ON GEORGES BANK FROM A FlNITE ELEMENT MODEL 
H. Ridderinkhof 

Bedford Institote of Oceanography, Dartmouth, Nova Scotia, Canada 
D.R. Lynch, C.E. Naimie 

Dartmouth College, Hanover, Hew Hampshire, U.S.A. 

10:10 ASSIMILATION OF ACOUSTIC DoPPLER CURRENT PRonLER (ADCP) DATA INTO A TIDAL 
MODEL USING mE ADJOINT MEmOD 

Dowd, M.G. and K.R. Thompson 
Department of Oceanography, Dalhousie University, Halifax, Nova Scotia, Canada 

lOIOO-lORSO PAUSE-CAlE I COFFEE BREAK 

MERCREDI 1 WEDNESDAY, lOHsO-0010 5Attl;; IRoOM:;:i$40 
SESSION SA: PHfSlQIJE DES NVAGES: RADIA'l'IQN 
PRtsm£NT i CHAIRMAN: JlENRY tEIGIO'QN,DEPAIltMENT OF .ATMOSPllElUC AND OCEANIC SCIENCES, 
MC Gli,1;; UNIVEit$TY 
SESSION SA: CWUD PHYSlCS:ilADlATION 

10:50 SOLAR RADmoN ABSORBED AT mE SURFACE FROM 5 YEARS OF ERBE MEAsuREMENTS 
Henry G. Leighton 

Department of Atmospheric and Oceanic Sciences, McGill University, MontreaI, Qu~bec, 
Canada 

Z. Li 
Aerospace Meteorology Division, Atmospheric Environement Service, Dorval, Qu6bec, Canada 

11:10 A STUDY OF mE EFFECTS OF LoNGWAVERADIATION IN CWUD DEVEWl'MENT 
Hong Guan, M. K. Yau, R. Davies 

Department of Atmospheric and Oceanic Sciences, McGill University, Montreal, Quebec, 
Canada 

11:30 RADIATIVE FORCING OF Ol'TICALLY THIN WATER CLOUDS,HAzE AND DUST LAYERS 
Mario M. Ouellet and Glen B. Lesins 

Atmospheric Science Program, Dalhousie University, Halifax, Nova Scotia, Canada 

11:50 EFFECTS OF CWUD SHAPE ON CWUD ALBEDO 
Tamas Vamai, R. Davies 

Department of Meteorology, McGill University, Montreal, Qu~, Canada 
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MEltCREDI tWEfiNJi,sJ)At. lOJlSO'.l2H10 SALLE I ROOM:.2830 
SESSI()NiSB:MfiiOO'ROLOOIE D'EXl'LOI'l'AUON IT 
PImsIDENTICijAiRMAN: MICHEL JEAN, CENTRE ~ttoROLOGlQUE CANADIEN, SEA 
SESSI()NSB:Pf~T1QNAL ~TE()'ROU)GYU 

10:50 A REAL TIME WEATHER FORECAST DATA BASE FOR PoWER SYSTEM ApPLICATIONS 
I. Karl Pavasars, Klaus H. Schaedlich 

Ontario Hydro, Mississauga, Ontario, Canada 

11:10 SCRIBE: AN INTERACTIVE SYSTEM FOR COMPOSISITION OF METEOROLOGICAL FORECASTS 
J. Boulais, G. Babin, D. Vigneux, M. Mondou, R. Parent, R. Verret 

Development Branch, Canadian Meteorological Centre, Dorval, Quebec, Canada 

11:30 VALUE ADDED TO STATISTICAL WEATIlER ELEMENT FORECAST THROUGH ERROR-FEEDBACK 
POSTPROCESSING SYSTEME 

Richard Verret and Nathan Yacowar 
Development Branch, Canadian Meteorological Centre, Dorval, Quebec, Canada 

11 :50 AN OPERATIONAL EVALUATION OF REMOTE ENVIRONMENTAL AUTOMATIC DATA ACQUISITION 
CONCEPT (READAC) AUTOMATIC STATIONS TO DETECT MESOSCALE WEATHER EVENTS THAT 
ARE IMPORTANT TO AVIATION INTERESRS. 

Doug Dixon 
Canadian Forces Forecast Center, CFB Edmonton, Edmonton, Alberta, Canada 

MERCREDI (WEn~AY, lOHSOc12HI0 SALLE I ROOM: 3830 
SESSION5C: .PI;ATEAUXCONTINENTAUX: .MtTWROLOGIE ET OCUNOGRAPHIE IT 
P1msIDENT I CHAIRMAN: JOHN LoDER,DEPARTMENT OF FISHERIES AND OcEANS, BEDFORD INSTITUTE 
OF OCEANOGRAPHY 
SESSION SC:CONTINENTAl. SHELVES: METEOROLOGY AND OCEANOGRAPHY IT 

10:50 INERTIAL PEAK SUPPRESSION ABOVE STEEPLY SLOPING TOPOGRAPHY 
Denis Gilbert 

Institut Maurice Lamontagne, Mont-Joli, Quebec, Canada 

11:10 CANADIAN ATLANTIC STORMS PROGRAM IT: THE OcEANOGRAPHIC COMPONENT 
Peter C. Smith, Charles Tang, Simon Prinsenberg 

Physical and Chemical Sciences, Bedford Institute of Oceanography, Fisheries and Oceans 
Canada, Dartmouth, Nova Scotia, Canada 

J. Ian MacPherson 
Flight Research Laboratory, National Research Council, Ottawa, Ontario, Canada 

Richard McKenna 
Institute for Marine Dynamics, National Research Council, St. John's, Newfoundland, Canada 

Mona EI-Tahan 
C-CORE, Memorial University of Newfoundland, SI. John's, Newfoundland 

Paris Vachon, Mike Manore 
Canadian Centre for Remote Sensing, Ottawa, Ontario, Canada 

Savi Narayanan, Pierre Pepin and Jim Helbig 
Northwest Atlantic Fisheries Centre, Department of Fisheries and Oceans, SI. John's, 
Newfoundland, Canada 
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11:30 CANADIAN ATLANTIC STORMS PROGRAM ll: THE METEoROLOGICAL FIELD EXPERIMENT 
Ronald E. Stewart' and the CASP II Meteorology Group 

1 Atmospheric Environment Service, Environment Canada, Downsview, Ontario, Canada 

11 :50 MEsoSCALE METEOROLOGICAL AND OCEANOGRAPHIC PHENOMENA IN THE NORTH ATLANTIC -
THE VIEW FROM SPACE 
G.W.K. Moore, J.R. Drummond, M. Mackay and J. York 

Department of Physics, University of Toronto, Toronto, Ontario, Canada 

MERCREDI / WEDNESDAY, lOHSO-llHIO SALLE I ROOM: 3820 
SESSION SD: CIRCI)J.ATlON oct.\NlQiJ); tHERMOHALINE 
i'RtsIDENT I CHAIRMAN: GoRDON MCBEAN, DEPARTMENT OF GEOGRAPHY, UNIVERSITY OF BRITISH 
COLUMBIA 
SESSION SD: THERMOHALINE OCEAN CIRCULATION 

10:50 LOW-FREQUENCY OCEANIC VARIABILITY UNDER SEASONAL FORCING 
P.O. Myers, A.J. Weaver 

Department of Atmospheric and Oceanic Sciences, McGill University, Montreal, Quebec, 
Canada 

11:10 EVAPORATION MINUS PREciPITATION FORCING OF THE NORTH ATLANTIC 
Aura S.M.O. and Weaver A.J. 

Department of Atmospheric and Oceanic Sciences, McGill University, Montreal, Quebec, 
Canada 

11:30 A TWO-DIMENSIONAL COUPLED ATMOSPHERE-OcEAN-SEA ICE MODEL FOR LoNG-TERM 
CLIMATIC SIMULATIONS 

L.D. Danny Harvey 
Department of Geography, University of Toronto, Toronto, Ontario, Canada 

11:50 ON THE SALINITY BUDGET OF THE NORTH PACIF1C OcEAN 
Gordon A. McBean 

Atmospheric Science Programme, Departments of Geography and Oceanography, University 
of British Columbia, Vancouver, British Columbia, Canada 

12HIO-13H30 DEJEUNER I LUNCH 

MERCREDI/ WEDNEsDAY, 13H30-1SHIO SALLE I ROOM: 2840 
SESSION 6A; RADAR-MtrtOROLOGIE ET INSTRUMENTATION I 
PREsIDENT I CHAIRMAN: ENRICO TORLASCm; DtioAil.'rEMENT DE PHYSIQUE, UNlVERsIrt' DU QutBEC A 
MQ~ 
SESSION 6A: RADAR-METEQROLOGY AND INSTRUMENTATION I 

13:30 DoPPLER INTERPRETATION OF A CONTINENTAL WINTER STORM 
Norman R. Donaldson 

Atmospheric Environment Service, Weather Radar Station, King City, Ontario, Canada 

30 



13:50 DOPPLER RADAR OBSERVATIONS OF REAR INFLOw JETS IN SOUTHERN ONTARIO 
Paul Joe 

Atmospheric Environment Service of Canada, Downsview, Ontario, Canada 

14: 10 DOPPLER "FINGER" SIGNATURE: A CASE STUDY OF THE JUNE 29 1991 SUPERCELL 
Stephen Knott, Jean-Pierre Aubagnac, Mike Leduc 

Atmospheric Environment Service, Toronto, Ontario, Canada 

14:30 NON LINEAR VAD ANALYSIS OF SINGLE DOPPLER DATA 
J. Sun, P. Joe 

Atmospheric Environment Service, Weather Radar Station, King City, Ontario, Canada 
1. Zawadzki 

D6partement de Physique, Universit6 du Qu6bec a Montreal, MontreaJ, Qu6bec, Canada 

14:50 LE PROFlLEVR DE COUCUE LIMITE COMME INSTRUMENT D'OBSERVATION DE M1CROPHYSIQUE 

Marie-France Turcotte et Isztar Zawadzki 
D6partement de physique, Universite du Quebec Ii Montreal, Montreal, Quebec, Canada 

R.R. Rogers 
Department of Atmospheric and Oceanic Sciences, McGi\1 University, Montreal, Quebec, 
Canada 

MERcltEDi I WEDNEsDAY, QH30,i$Hfo SALLE I ROOM: 2830' 
SESSION '611: Mtrfu){OWGIEDYN~Q~.A 'GiW'niJ;; tc.iIELLE I 
PRtSI:DENT l CHAIRMAN: JA<;9UE$ DEROME,riEP.ut~ OFATMQ$PHERIC ,AND OcEANIC SCIENCES, 
Mc t;ILiUNIVEIiSlTY . _ - -
~~~Q!'(~: t.~G,l\~SCAI,E DYNAMIC METEOROLOGY 1 

13:30 A MODELING STUDY OF THE ATMOSPHERIC IMPACT OF SEA SURFACE TEMPERATURE 

ANOMALIES IN THE MID AND HIGH LATITUDE OF THE NORTH ATLANTIC 
S. Peng, H. Ritchie and L.A. Mysak 

Department of Atmospheric and Oceanic Sciences, McGi\1 University, Montreal, Canada 

13:50 ON THE iNTERACTION BETWEEN THE SYNOPTIC SCALE EDDIES AND THE LOWER FREQUENCY 
FLow IN THE ATMOSPHERE 

J. Sheng and J. Derome 
Department of Atmospheric and Oceanic Sciences, McGill University, Montreal, Quebec, 
Canada 

14:10 ON THE iNTERACTIONS BETWEEN SYNOPTIC SCALE EDDIES AND THE PNA TELECONNECTION 
PATTERN 

M. K1asa, J. Derome and J. Sheng 
Department of Atmospheric and Oceanic Sciences, McGill University, Montreal, Quebec, 
Canada 

14:30 A NONLINEAR MODEL OF STATIONARY PLANETARY WAVES IN THE WINTER STRATOSPHERE 
T.C. Box and J. Derome 

Department of Atmospheric and Oceanic Sciences, McGill University, Montreal, Quebec, 
Canada 
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14:50 AN ASSESSMt:NT OF THE WKBJ ApPROXIMATION USED IN GRAVITy-WAVE DRAG 
P~UITE~ATlONSC~ 
Reo~ Laprise 
- ~ement de physique, Universit6 du QuQ>ec a Montreal, Montttal, Quebec, Canada 

MEJlCREDI I WE!>NESDAY, 13100-1$H}0 SALLE I ROOM: 3830 
SESSION 6C: GLAc£.OCt.ui EN ZONES NORDIQlIES: MODu,lSATlOI'h:r OBSERVATIONS 
PRtsmENT I C~: LAWRtNcE ,MYsAJt, DEPARTMENT OF AtMO~HERlC AND OCEANIc SCIENCES, 
Me GILL UNIVE!iSITY 
SESSION 6C: HIGH LATtni!>E lc£'oc~: MOD£!.LING AND OBSERVATIONS 

13:30 INTERANNUAL VARIABILITY OF ARTIC SEA-ICE USING A CourLED SEA ICE - OCEAN MODEL 
David M. HoUand and L.A. Mysak: 

Departmeot of Meleorology, McGill University, MODtttaJ, Qu~bec, Canada 
I.M. Oberbuber 

Meteoroliiisches Institut, Univcrsitat Hambure, Hambur&, Germany 

13:50 SIMPLE TwO-LAYER CIRCULATION IN THE ARCTlC-GREENLAND SEA BASIN 
S. Piacsek, R. Allard 

• Naval Reseatcl> Laboratory, Stennis Space Center Detachment, MS 39529, U.S.A. 

14: 10 A NUPoIERICAL SlMtJLATiON OF SEA ICE CIRCULATION IN HUDSON BAY 
Jia Wang, L.A. Mysak:, R.O. Ingram 

Department of Atmospheric and Oceanic Sciences, McGill Universily, Mootreal, ~, 
Canada 

14:30 MEA5uREMENTs OF TIlE MOTION, THICKNESS AND TOPOGRAPHY OF SEA ICE USING MOORED 
S\JBSEA SONAR 

Hum.frey MeUine 
lastitut. of Ocean Sciences, Sidoey, B.C., Canada 

14:50 SEISMIC-AcOUSTIC SENSING OF PROPERTIES AND fiACTURlNG OF SEA ICE 
YlIDbo Xie and David M Fanner 

Institute of Ocean Sciences, Sydoey, B.C., Canada 

MERCREDII WEDNESDAY, 13iDO-14~ . SALIJI I ROOM: 3820 
SESSION 60: ONIiES, MtLANGE ET CONVECTION I 
PUslDENT I CUAIIlMAN: YVON OUEU,i;l', D:tP~T DE GeNIE CIVIL, UNiVERSITt LAVAL 
SESSION 61>: WA~, MlmiG AND CONVECTlONl 

13:30 COMPORTEMENT ASYMPTOTiQUE DU FASSAGE D'UNE ONDE SOUTAIRE S\JR LE TALUS 
CONTINENTAL 

Abde1hak Kabbaj et Smacl Naaue 
Ecole normale su¢rieure Tabddoum, Rabat, Maroc: 

13:50 ON THE NONLINEAR COUPLING BETWEEN SWELL AND WIND WAVES 
Diane Masson 

lastitute of Ocean ScieDces, Sidoey, British Columbia, Canada 
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14:10 THE EFFECT OF AWNGSHORE TOPOGRAPHIC VARIATION AND BOTTOM FRICTION ON SHELF 
WAWE INTERACTIONS 
Fran~ois W. Primeau 

Department of Mathematics, Applied Mathematics Institute, University of Alberta, Edmonton, 
Alberta, Canada 

14:30 MODELLING OF TWO-LAYER STRATIF1ED FLOW UNDER A TWO-DIMENSIONAL OBSTACLE 
Patrick F. Cummins, Dave R. Topham 

Institute of Ocean Sciences, Sidney, B.C., Canada 

lSHIO-lSH30 PAUSE-CAFE I COFFEE BREAK 

MERCREJ)J/ WiiP~A\'J lSIDO-17lltO ,. . '. SALi.E I ROOM: 2840 
'SESSION7A: RADAit.MtmoROLoGIEET'lNSTilUMENTATION Ii 
• PilEsIDEN'r rCIWRMAN; l'EtER.'YAti. DEPAlt~ OF ATMOSfJlERIC ANi> (kJJ:A,NIC SCIENCES, MCGILL 
• UNlVERSlTY . 

, SESSION 7At .lUuU-METEOl!.OI.OGY AND iNSTRUMENTATION'U 

15:30 ESTIMATES OF PREcIPITATION IN SUMMER STORMS IN CENTRAL ALBERTA 
D.A. Holland, A.R. Holt, R. McGuinness 

Mathematics Department, University of Essex, Colchester, U.K. 
Enrico Torlaschi 

Communications Research Laboratory, McMaster University, Faculty of Engineering, 
Hamilton, Ontario, Canada 

B. Kochtubajda 
Resource Technologies Department, ARC, Edmonton, Alberta, Canada 

15:50 FINE RAINGAUGE NETWORK COMPARISON WITH RADAR RAINFALL 
F.I. Eley 

Hydrometeorological Processes Division, Atmospheric Environment Service, Saskatoon, Sask., 
Canada 

16: 10 WIND PROFILE ETIMATION BY CONVENTIONAL RADARS 
Frederic Fabry 

Radar Weather Observatory, McGill University, Sainte-Anne-de-Bellevue, Quebec, Canada 

16:30 IPIX RADAR - OCEAN AND METEOROLOGICAL ApPLICATION 
vytas Kezys, Enrico Torlaschi, Brian Currie, Simon Haykin 

Communications Research Laboratory, McMaster University, Faculty of Engineering, 
Hamilton, Ontario, Canada 

16:50 IMPROVEMENTS IN TEMPERATURE PROFILE RETRIEVALS FROM MICROWAVE RADIOMETRIC 
MEAsuREMENTs 

P.R. Shepherd, W.F.J. Evans 
Centre for Research in Earth and Atmospheric Science, North York, Ontario, Canada 
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l\fEltCIlEDI J W£DNESD,\Y, JSJDO:.l7H30 SALLE J ROOM: lS30 
SESSION 7B~ MtrtoROLOO!E' DYNAMIQUE A GRA.."IDE tc"i\ELLE n 
l'IItsIDEl'!T I CllA.DIMAN:. KENt MOORE, D£i'AR'J'MENT OF PHYsICs, PNrvERslTY OF TORONTO 
SESsION 7B: LARGE-ScAi.EoYNAMlc MEnloROLOGyn . 

15:30 A NON·HYDlOSTAllC MOD&. IN HYDROSTAllC,l'IlESsuJtE COORDINATE 
Rene Laprise 

Departemeot de physique, Univ.rsit6 du QuQ>ec a Montreal, Montreal, QuQ>ec, Canada 

15:50 BAROCUNlC FORCING or THE MEAN ATMOSPIIERE 
Mumy MICKay and G.W. Kent Moore 

Department of Physics, University of Toronto, Toronto, Ontario, Canada 

16:10 UPPER·TROI'OSPHElUC SYNOmc-ScALE WAVES 
Chantal Rivest, Brian Famll 

Service de I' environnemmt atmosphtrique, Dorval, Qu6bec, Canada 

16:30 Two VA1UATIONS ON A THEME BY RAYLEIGH 
Theodore G. Shepherd 

Depattment of Physics, University of Toronto, Toronto, Ontario, Canadl 

16:50 NONLINEAR SYMMETIUC STABILITY 

Theodore O. Shepherd 
Department of Physics, University of Toronto, Toronto, Ontario, Canada 

17:10 GEoSTROPHIC SCA1TEl PLOTS AND THE APPLICATION OF QUASI·GEOSTROPHIC FREE MODE 
THEORY TO A NORTHEAST PAClnc BLOCKING EvENT 

Nils R. Elc and Gordon E. Swaters 
Departments of Meteorology and Mathematics, University of Alhet1a, Edmonton, Canada 

MER';;REDI J WEDNESDAY, 15B30·17lPO SALLE I ROOM: 3820 
SESSION 7C: MOtMMENTS TOURIIILLONNAIRES 
PlttsiDEl'!T I CJWRt.wI: MOTO b:f;DA, PEl'AItTMENT OF FISiIEIUES AND OCEANs, BEDFORD 1NSn1tJTE 
or OcEANOGItMHY 

SESSION 7C: ~DIES ANti 'R.)l;IGS· 

15:30 WARM-CORE RINGS AND CR05S-SHELF EXCllANGE 
M.L. Cahill 

Oceanoaraphy Department, Dalhousie Uoiversity, Halifax, Nova Scotia, Canada 
K. Drinkwater 

Bedford Institute of Oceanopphy, Dartmouth, Nova Scotia, Canada 

15:50 DYNAMIC ToPOGRAPHY AND SURFACE FaONTS NEAR BARBADOS, W.I. 
M.1. Bowman, S.l . Fauria, K.L Stansfield 

Marine Sciences Research Center, University of New York, Stony Brook, NY, U.S.A. 

16: 10 UPWELLING OVER A CANYON 
Susan E. Allen 

Department of Oceanoeraphy, UDiversity of British Columbia, Vancouver, British Columbia, 
Canada 
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16:30 SPREAD OF OIL FROM THE TENYO MARu, JULY 1991 
William R. Crawford 

CaQodion Hydrographic Service, Departmel1t of Fisheries 8Ild ClceaIls, Institute of 0ce8Il 
ScieJlces, Sidllcy, B.C., C8II8da 

S. VeJI!catesh 
EQvironmeJlt C8II8da, Atmospheric EQvironmeQt Service, DOWllSView, OIltario, Carul(1a 

16:50 NUMERICAL SIMULATION OF MEsoSCALE FEATURES IN THE NORTH ATLANTIC CURRENT 
OBSERVED BY GEOSAT ALTIMETER DATA 

M. Ikeda 
Physical 8Ild Chemical Sciences, DepartmeJlt of Fisheries 8Ild Ocesns, Bedford Institute of 
Oce8IlograJ;>hy, Dartmouth, Nova Scotia, Canada 

17: 10 NEAR-EQUATORIAL EDDIES OFF SoUTH AMERICA 
1. G. Bruce 

Naval Oce8Ilographic Office, Stennis Space Ce!!ter, Naval Research Laboratory, MS 39522, 
U.S.A. 

Mf;R:CREDl/~~" .. tt '· lsmChi7lftj) .; 
SES$lQN7D;Q¢tANb¢RAPIIl~ C6~ET, FSflJARIENNE 1 
l't<tSli>oo ICiW~;YV*'$GMtroN. lNS1:ttii't MAOitict LAMONTAGNE 
SESS10N 7.Q: CQAST.¢~ ESTuARINE OCEANoGRAPjf:Y I 

SALLE I RooM: 3820 

15:30 LoNG-TERM RUNOFF EFFECTS ON SURFACE CIRCULATION IN NORTHERN BRITISH COLUMBIA 
WATERS 

ReJl6e 1acques 
DepartmeJlt of Oce8Ilography, The University of British Columbia, V8Ilcouver, B.C., C8Ilada 

15:50 MODl'~L1SATION NUMtRIQUE TRJ-DIMENSIONNELLE DE LA CIRCULATION DE L'ESTUAIRE DU 
SAINT-LAURENT: UsULTATS pmlMINAIRES 

1. Chasse, Mohammed I. EI-Sahh 
DepartemeJlt d'Qc6anographie, Universit6 du Quebec a Rimouski, Rimouski, Quebec, C8Ilada 

T. S. Murty 
Institute of 0ce8Il Sciences, Fishery 8Ild OCe8Il C8II8da, Sidlley, B. C., C8Ilada 

1. Stronach 
Pacific 0ce8Il Sciences Ltd., Burnaby, B. C., C8Ilada 

16:10 2D FINITE ELEMENT TIDAL MODEL OF ST.LAWRENCE EsruARY 
Gagnon, M., 1.L. Robert 8Ild Y. OIlellet 

DeparteMeQt of Civil Engineering, Pavillon Pouliot, Laval University, Sainte-Foy, Quebec, 
C8II8da 

16:30 DISPERSION OF RHODAMINE FROM AN UNDERWATER DIFFUSER IN THE RlMOUSKI COASTAL 
ZONE 

V. G. Koutitunsky, S. C6t6 
InstitutNational de la Recherche Scientifique (INRS), Oce8llologie, Rimouski, Quebec, Canada 
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16:50 NtIMERICAL MODELLING OF mE CIRCULATION AND LARVAE DRIFT IN mE ANSE-A-L'ORIGNAL 
BAY 

S. COt6 
I>epartm=t of Oceanograpby, Universit6 du Quebec A Rimouslci, Rimouski, Quebec, Canada 

V.O. KoutiloDSlcy 
lDstitut Natiooai de I. Recberche Scientifi.quc (lNRS), OC<!anologic, Rimouski, Qu6bec, Canada 

Y. GratlOn 
ImtiIUl Maurico-Lamontagoc, Fi.heries ud Oceans Canada, Mont-Joli, Quebec, Canada 

JEWII THintsDAY, ~Illll · . ... SALLE IltOOM: 2850 
SESSION ~RE ~MN1t1bUE: I.E CLIMA.T m'·$S· ~CtlS$jQNS 
l'RtSroENT I CJiADIMANf PiEIutJ;.DOBREOiL. C.mraEMtitoRQLoGIQWiCANAoiEN, sEA 
PLENARY TBErtfE SESSlON: 1){E CuM.\TE ANr>ITS~ACTS . 

08:30 THE CLIMATE AND ITS IMPACTS 
S.J. Cohen (coof61\!ocier invite I iDvited spealce.r) 

Canadian Climate Cenm, Atmospheric Environment Service, Environment Canada, 
Downrview, Ontario, Canada 

JEWI JTlf'!JRSuAY,09RlO"IOB5t 
stAN~l>' AmCSAG£ 
PUslDENT I CH:.QliMAN: PltRlU: llUJRt11iL. CEN'I'lUl MtrtoROLOGIQ~ CANADIEN. SEA 
POSfERSESSION 

09:10 KINEMATICS OF MIxING IN COASTAL WATERS 
David Booth and Jcan-Fran~oi. Dumais 

Departemeot d'oC<!aoographie, Uoivcrsite du Quebec • Rimouski, Rimouslci, Quebec, Canada 

09: 10 THE CANADIAN WEAmER RADAR DATA PROCESSING SYSTEM 
R.G. Humphries 

MacDonald Dettwiler, Richmond. B. C., Canada 
Henri-Paul Biron 

Centre m~roloiique du ~bec, Service de l'Eovironnemeot atmosph6rique, Ville SaiDt­
Laurent, Quebec, Canada 

09: 10 OBSERVING ICE PRocESSES IN THE NEWFOUNDLAND MARGINAL ICE ZONE DURING CASP II, 
MARCHtm 

Ricbatd F. McKenna 
Institute for Marine Dyoamica, Naliooai Research Council Canada, St. John's, Newfoundland, 
Canada 

M. EI-Taban 
C-CORB, Memorial University of Newfoundland, 51. John's, Newfoundland, Canada 

C.L. Tang 
Bedford Institute of Oceanography, Dartmouth, Nova Scotia, Canada 

A. Cavanic, F. Gobin 
IFREMER, Plouzan6, France 
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09: 10 DATA INTEGRATION AT THE 5 KM GRID ScALE (INrtGRATION DE DONNEES A L'EcHELLE DE 5 
KM) 

Normand Bussieres 
Division de l'iotegration des donnees, Centre climatologique canadien, Downsview, Ontario, 
Canada 

09: 10 LA TORNADE DE MAsKINONGt 
Henri-Paul Biron, Mario Benjamin, Richard Moffet, Guy Viau, Pierre Pelletier, Guy O. 
Bonsawin 

Centre meteorologique du Quebec, Service de l'Enviroooement atmosph6rique, Ville Saint­
Laurent, Quebec, Canada 

Maurice Dube 
Service de I'enviroooemeot atmosph6rique, Bureau Meteorologique de Trois-Rivieres, Quebec, 
Canada 

09:"10 ANALYSE DE COMPOsts UV -PROTECTEURS PRtSENTS DANS DES CULTURES DE PHYTOPLANCTON 
ET DANS DES EAUX MARINES 

L. Lorraio, S. Roy 
Centre Oceanographique de Rimouski, INRS-Oceaoologie, Rimouski Quebec, Canada 

09:10 MESoSCALE OBSERVATIONS OF SURFACE FRONTS IN SOUTHERN ONTARIO STORMS 
Rosemary Tahory 

CRESS, York University, North York, Ontario, Canada 

09: 10 ETUDES DES MASSES D'EAU DANS L'ESTUAIRE DU SAINT-LAURENT 
Mohammed I. EI-Sabh et Joel Chasse 

D6partement d'Qc6aoographie, Universite du Quebec II Rimouski, Rimouski, Quebec, Canada 

09:10 EFFET DE LA NATURE DU SUBSTRAT ET DE LA PROFONDEUR SUR LA VARIABILITt SPATIALE DU 
TAUX DE FlXATION DES POST-LARVES DE ptTONCLE (PLACOPECTEN MAGELLANICUS) 

Michel Harvey, E. Bourget 
Departement de biologie, Universite Laval, Sainte-Foy, Quebec, Canada 

09:10 CONCENTRATIONS D'OZONE SUR LE QutBEC MitRIDIONAL DURANT LA ptRIODE 1989-1991 
Alain Robichaud 

Ministete de I'Enviroooement, Direction des Reseaux atmosph6riques, Sainte-Foy, Quebec, 
Canada 

09:10 ATMOSPHERIC SOUNDING ANALYSIS ON A MICROCOMPUTER 
Tony Keck 

Enviroooement-Canada, Winnipeg, Manitoba, Canada 

09:10 DESCRIPTION OF THE GEOPHYSICAL FIELDS AT CMC AND THEIR USE IN THE REGIONAL AND 
GLOBAL MODELS 

Richard Hogue, Jacques Halle, Bruce Brasoett 
Analyses and Satellite Division, Canadian Meteorological Centre, Dorval, Quebec, Canada 

R6aI Sarrazin, Normand Brunet 
Numerical Weather Prediction Division, Dorval, Quebec, Canada 

09:10 CYCLONE TRAJECTORIES IN CCC GCM SIMULATIONS WITH DoUBLED CO, 
Vladimir Pierre-Lys, Peter Zwack, Rene Laprise 

Departement de physique, Universite du Quebec II Montreal, Montreal, Quebec, Canada 
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09: 10 THE INFOMET PACKAGE OF SOfTWARE MODULES FOR COLLECTION, ARCHIVING AND DISPLAY 
OF DATA FROM THE ANIKOM SATELLITE LINK 

Keith W. Ayotte, Peter A. Taylor, David Sills 
Department of Earth and Atmospheric Science, York University, Noth York, Ontario, Canada 

09: 10 VARIABILITY TRENDS IN BRITISH COLUMBIA PREciPITATION 
Stanton E. Tuller 

Department of Geography, University of Victoria, Victoria, British Columbia, Canada 

lOIlJO-IOHSO PAUSE-CAm I COFFEE BREAK 

JEUDII THURSDAY, lliHS0-12H3O SALLE I ROOM: 3830 
SESSION SA: TtLtJ)trECTiON SATELJ,ITAIRE I 
PRtsmENT I CHAIRMAN: KE!TH THOMPSON, SCIENCES GtODtsiQUESET TtLtDtTECTlON, UNIVERSITt 
LAVAL 
SESSION 8A: SATELLITE REMOTE ~NG J 

10:50 A STUDY ON THE ANNUAL VARIABILITY OF TROPICAL MARINE SC AND 1ST RELATIONSHIP WITH 
ATMOSPHERIC AND OCEANIC SEASONAL CHANGES 

L. Oreopoulos and R. Davies 
Department of Meteorology, McGill University, Montr6aI, Quebec, Canada 

11:10 CLOUD AND OCEAN ANALYSIS OF INSAT-II DATA 
Nancy Bepple, Len Laba 

MacDonald Dettwiler, Richmond, British Columbia, Canada 

11:30 INTERPRETING NOAA-9 S£A-8VRFACE TEMPERATURE RETRIEVALS WITH IN SITU AND 
METEoROLOGICAL DATA 

A.R. CondaI 
Departement des sciences g60desiques et de teledetection, Pavilion Casault, Universite Laval, 
Sainte-Foy, Quebec, Canada 

D. Lefaivre 
lnstitut Maurice-Lamontaene, Minist~re des P!ches et Oceans, Mont-Joli, Quebec, Canada 

1. Martel 
Departement des sciences geooesiques et de teledetection, Pavilion Casault, Universite Laval, 
Sainte-Fay, Quebec. Canada 

11:50 MODtLlSATION ET SUIVI DE LA CLIMATOLOGIE DES £AUX DU GOLFE SAINT-LAURENT A PARTIR 
DES IMAGES NOAA-7 ET NOAA-9 

Alain A. Viau, Alfonso CondaI, France Boucher 
Departement des sciences JI6od6siques et de teledetection, Pavilion Casault, Universit6 Laval, 
Sainte-Foy, Quebec, Canada 
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JEUDI/ THlJIISDAY. iO~UB10 
: , 

SALLE I ROOM: 2840 
SESSJ;O~ 8D: CJro.tm A~9.(JI:. ~ 
PRtsmENT I ~1fAnIMAN: LEN BARiUE, ~ AN.D ~YSts ~CII DMSlON, SEA 
SESSIO~~; A~C:CIl00STltv: ~ 

10:50 DEVELOPMENT OF A GAS CH1tOMATOGRAPH FOR TRACE LEVEL Mi:AsuREMENT OF 
PEROXYACETYL NITRATE IN AMBIENT AIR 

Pierre«e Blancbard, Paul B. Shepson 
Department of Chemistry and Ceotre for Atmospberic Chemistry, Yorlc University. North 
Yorlc, Ontario, Canada 

11: 10 EMISSl0JllS OF NITROUS OXIDE FROM THE HUDSON BAY LoWLANDS 
C.L. Schiller, D.R. Dutie 

Faculty of Pure and Applied Science, York University, North York, Ontario, Csnada 

11:30 ULTRAVIOLET RADIATION MONlTOIUNG AND FORECASTING 

W.P.I. Evans 
Enviromoental Resource Studies, Trent University, Peterborougb, Ontario, Canada 

11:50 CARBON MONOXIDE AND ME1'HANE MEAsIJREMENTS fROM SPACE 
J. R. Drummond 

Department of Pbysics, University of Toronto, Toronto, Ontario, Canada 

JElJDII 'tlllJllSDAV, tOruo.uuio SALLE / ROOM: 2860 
SESSION .8C:~t.ANQQ~,~~ n: .ESTl1AlilENNE ,II, 
PIWm.ENT ICa,uRMA~t GRANT INGRAM, 'DErAA1'I'ifIiNT OF .t\ 1:MOSPI\EIUC l\ND Qci!ANJc SCIENCES, 
McGILLU~ , 
SESSION 8C: COASrALAl'(D JtST(JAIUNE OCE.\NQGIWUY n 

10:50 NUMElUCAL MODELLING OF TIDES IN DAiE-DES-CHALEURS 
Mohammed L EI-Sabb et Joel Chasse 

D6partemeot d'~grapbie, Universit6 du Qutbee 4 Rimouslci, Rimouski, Qutbee, Canada 

11: 10 LARGE-5cALE HYDRODYNAMIC STuDIES OF BAlE.DES-CHALEURS IN SUPPoRT OF SCALLOP 
JlESEAJtCB 

M<'hammed I. El-Slbh 
D6partemenl d 'OeWIognaphie, Universit6 du Qutbee i Rimouski, Rimouski, Qu6bee, Canada 

Gran! lPeram 
Department of Atmospberic and Oceanic Sciences, McGill University, Montreal, Quebec, 
Csnada 

II :30 TlMPEIIATURE AND SALINITV CHARACTERISfICS OF BAlE DES CHALEUitS 
C. I.e Qu&6 and R.G. Ingram 

Department of Atmospberic and Oceanic Sciences, MeGill University, Montreal, Qu6bee, 
Canada 

M.E! Sibb 
Oceanograpby, University of Qu&ee It Rimouslci, Rimouski, Qutbee, Canada 
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11:50 CIltCULATION OF TIlE JACQUES-CAJlTlFJl SnwT INFEIUIED USING DATA ASSIMILATION 
Mario-C\audo Bourque 

Dalhousie University, Halifax, Nova Scotia, Canada 

, ., ,'~.'" ~ 

10:50 EFFECTS OF TIDAL MDaNG OVER A SILL ON ESTUAJlY/OC£AN ExCHANGE 
A. Vaile-LevinsoD and Robert E. Wilson 

Marine Sciencu Researcb Ceoc..r, Suny at Stony Brook, Stony Brook, NY. U.S.A. 

II : 10 BuoyANCY FLux ESTIMATES FROM OVERTtWmiG SCALE QvANl'lnES 
Potu Galbraith 

Oceaooppby Depattmeot, Dalhousie University, Halifax, Nova Scotia, Canada 

11 :30 SALINITY CONTROL OVER DEEP CONVECTION 
Dan Kelley 

Oceaooal'1lpby Department, Dalbousie University, Halifax, Nova Scotia, Canada 

11:50 TIME-DEPENDENT CONVEC11VE INSTABILITY 
David Briclcmao 

Department of OceaooaraPby, Dalhousie University, Halifax, Nova Scotia, Canada 

12HIO-131DO DE.JEVNER I LUNCH 

)EVDI/'J'lIVRSDAY, 13~mI10 S.u;UiltOOM: ~ 
~()N '4: T4~~N Sk'tq.qrAIUn,· 
PRtsml!NT J ClfAIRMAN: AiAINVt,I.\1, Sc~ GWDtSlQVESETmtDttr.cnON, UNIVEtitrtLAVAL 
SE$SION',A: SA~~"SENSl$ tC , 

13:30 SATELUTE-VtEWED GWBAL CLOUD DISTIUB\I'I10NS AND STATISTICS 
Zheo S. Yu, ]. R. D",m!DOOd 

Department of Physics, University of Toronto, Toronto, Ontario, Canada 

13:50 IN'ItGRATION SPATIALE DES OIlSDVATIONS CLIMATOLOGIQUES A rAJlTlR D'OBSERVATIONS 
AtROroRRES DES n.ux 

P.H. Scbuepp, P.R. Canmori, Y. Guo 
D6partemeot des ressowces reoouvelables, Univcrsit6 McGill, Macdonald Campus, Sainte­
Aooe-<l&-Bellevue, Quebec, Canada 

R. L. Desjardins 
Ceotre pour 1a rechercbe ... ressoutees terrestres et bioloiiques, Aericu1ture Coaad., Ottawa, 
Canada 

].1 MacPbenoo 
Iostilut pour la recherc:be ao!rospatiale, Cmtre Natiooal de Ia Recherche, Ottawa, Ontario, 
Canada 
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14: 10 EsTIMA11NG AIEAL EVAl'O'I'IW'/SPIRnON FROM REl\fOTELy-5ENsE;D ANl> SUIlFACE DATA 
B. Sinlh. P. Peltja 

Do!partement de Owppbie. Uwversit6 de Montdal, Montdal, Quebec, Canada 

14:30 L'IMAGERIE DE5 SATELLlTES-Mtrto NOAA POUR LA SURVEILLANCE DU COUVEltT vtGtTAL 
J eaa Beaubien 

Centre de foresterie des Laun:otides, Foret! Canada, Sainle·Foy. ~, Canada 

14:50 AN AVIIRR l·KM NORm AMERICAN CONnNENT DATA SET FOR GLOBAL CHANGE 
MONITORING 

Claude-Roeer Morassc 
Intera Kentin" Ottawa, Ontario. Canada 

Josef Cihlar 
Canada Centre for Remole Seasine, Ottawa, Ontario, Canada 

JEOOI 11'HUII.SDAf;, J3H30-1SHI0 SALLE (ROOM: 2840 
SEsSION -'B: CQIMIE AlMoSPUttuQUE: MODtu:s,~RT ET CHIMlE DE5 NUAGE5 
I'Iltsu>ENrICJIA1RMAN:/ACltC. MCCoNNELL, DE!'~TMENT OFEARTH ANl> AlMOSl'HERIC SCIENCE. 
:VOu: VN{VERSITY-- --
SBSSION 98: _ A.'IMOSI'IfE!iJC CJU'J';!lSTRY; MODELS, ~RT ANl> CLOOO CIIEMlSTRY 

13:30 EVALUAnON OF mE ADOM WET SCAVENGING MODULE 

13:50 

A. Olazer ODd H.O. Leilhton 
Department of Atmospheric and Oceanic Sciences, McGill Uwvenity, Montreal, Qu6bec, 
Canada 

COMPARISON IIETWEEN CLOOO CHEMISTRY OBSERvAnONS ANl> SIMuLATIONS 
L. LaIl20ll and H.O. Le.ilhton 

Department of Atmospheric and Oceanographic Sciences, McGill Uwversity, Montreal, 
Qu6bec, Canada 

14: 10 THE EfFECTS Ot' CYCLOGENESIS ON REGIONAL TRANSPOIlT 
Marie Hedley and H.R. Cbo 

Uwversity of Totonto, Departroeot of PbysiCll, Toronlo, Ontario. Canada 

14:30 A J·D SPEcTRAL MIDDLE AlMOSI'HERE MODEL 
S.R. Beagley. J. de Orandpre, J.W. Kaminslci. N. McFarlane 

Departmenl of Earth ODd Atmospberic Sciences, Yorlc Uwversity, North Yorlc, Ontario, Canada 
J. C. McConnell 

Canadian Climatl> Centre, Atmospberic Environment Service. North York, Ontario, Canada 

14:50 MODELUNG OF AlMOSPHERIC BoUNDARY·LAVER OXIDANTS: A I·D (VERTICAL) STOOY 
Wanmin Oons 

ARQl, Atmospberic Environment Service, DoWDS\liew. Ontario, Canada 
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JEWI! THuRsDAY. 13HJo.14HIO SALLE! ROOM: 2880 
SESSION l'L~~ 'l'HtMA TIQVE EN octANOGRAPHIE: LA ttLtDt'rEc'nON ET LA I'ROD1ICnON 
BIOLOG1QtJE ~ 
PRtsroENT I CHAiJitMN: MOJIAMMED Et-SAI\H, DtPARTiMEl'iT D'OctANOOIlAPHIE, .UNri'ERSlrt DU 
QutBEC A. RlMOUSIO. . 
PLENARY 11IErom ·SESSION IN OCEANOGRAPHY: REMon: SENSING AND MARINE BIOLOGICAL 

PROlluci'lPN 

13:30 FJSHERIES OCIWIOGRArIIY IN RELATION MEsoSCALE METEOROLOGY 
David M. Cbecldey Jr. (conf~rencier iDvi~ I iDvited speaker) 

Marine Ufe Research Group, Scripps institution of Oceanography, La JoU., U.S.A. 

JEWI'THURSDAY. 14H10-15H10 SALLE' ROOM: 2860 
SESSION 9C:OCtANO(;RAi1DE DES PtcHES: 'O~ r 
PRtsmENT I CItAlRMAN: MOHAMMED ElrSABH, DtrARTEMENt D'OCtANOOIlAPHIE. UJl/lVERSltt DU 
QutBoc A ItJMOYOO 
SESSION ~! .FisHER'Y. OCl!ANOGRAPHY: OPEN T 

". '< . h' 

14: 10 Vl:RTlCAL MIGRATION ItS A MIWI TO INCREASE FORAGING IN MACKEREL LARVAE (SCOMBllR 
SCOMIIRU$) SAMPLED IN SovIBWESrEItN GULF OF Sr.i.AWIlENCE 

A. Ferron, B. ~t6 and M. I. EI·Sabh 
Depallemmt d'Oc6anograpbie, Universit6 du Quebec 4 Rimousld, Rimousld, ~bec, Canada 

14:30 CYCLONE CLIMATOLOGY OF SOtrrHEASTERN CANADA AND ITS RELATION TO SCALLOP FISHERY 
Maria CiDtia Piccolo and Mohammed I. EI·Sabh 

Centre ~anograpbique de Rimouski, D~partement d'Oceanograpbie, Universite du Quebec 
Ii Rimouski, Rimouski, Quebec, Canada 

14:50 FORECASTING OCEANIC "WEA.11tER" ON 11tE SCOTIAN SHELF 
David Griffin, Tony Bowen, Michael Dowd, JiDyu Sheng, Keith Thompson 

Department of Oceanography, Dalhousie University, Halifax, Nova Scotia, Canada 

15HI0·15H30 PAUSE-CAFE' COFFEE BREAK 

JEWI I TIlURSDAY, . lSl130-i1iJ3o SALLE , ROOM: 3830 
SESSION lOA; CUMATOLOG.IE 

~ENT "CUAIRMAN: ~. SCHUEPP. DEPARTMENt OF RENEWABLE REsOURCES. Mc GILL 
U:~TY . ' ... 
SESs~ON 1,GA: Ct;1MATOtOOY 

15:30 RECONSTRUCTING HOLOCENE CLIMATES FROM ARCTIC PoLLEN DATA 
K. Gajewski 

Centre d'6tudes nordiques, Universite Laval, Sainte-Foy, Quebec, Canada 

15:50 tTUDE DES CHANGEMENTS CLIMATIQUES A PARTIR DES CAROTTES DE GLACE: L'EXEMPLE DE 
LA CALOTTE GLACIAIRE AGASSIZ, lLE D'ELLESMERE 

Jocelyne C. Bourgeois 
Commission geologique du Canada, Ottawa, Ontario, Canada 
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16: 10 ESTIMATING THE IMPACT OF GLOBAL WARMING ON PERMAFROST LAYERS IN THE NORTHERN 
HEMISPHERE 

Ambury Stuart 
Weather Research House, Downsview, Ontario, Canada 

Alan S. ludge 
Terrain Sciences Division, Geological Survey of Canada, Ottawa, Ontario, Canada 

16:30 SAMPLING ERRORS IN ESTIMATING THE GLOBAL TEMPERATURE WITH PoiNT GAUGES: 
ASYMPTOTICS AND MONTE CARLO SIMuLATIONS 

Samuel Shan-Pu Shen 
Department of Mathematics, Paculty of Science, University of Alberta, Edmonton, Alberta, 
Canada 

16:50 ESTIMATION OF THE TEMPERATURE-PREciPITATION INDEX USING HOURLY DATA FROM SABLE 
IsLAND, NOVA SCOTIA IN JANUABY 

George A. Isaac 
Cloud Physics Research Division, Atmospheric Environment Service, Downsview, Ontario, 
Canada 

R. Ambury Stuart 
Weather Research House, Downsview, Ontario, Canada 

17:10 SPATIAL COHERENCE OF VARIATIONS IN ANNUAL PREciPITATION TOTALS IN SOUTHEAST 
LABRADOR 

lohn P. Newell 
Kitchener, Ontario, Canada 

15:30 THE CURRENT STATUS OF OzoNE DEPLETION AND UVB RADIATION 
W.P.l. Evans 

Environmental Resource Studies, Trent University, Peterborough, Ontario, Canada 

15:50 HETEROGENEOUS 0, Loss IN THE STRATOSPHERIC PoLAR 0, Loss BUDGET? 
1. C. McConnell 

Deparlu3entofEarth and Atmospheric Sciences, York University, North York, Ontario, Canada 
G. S. Henderson 

Department of Geology, University of Toronto, Toronto, Ontario, Canada 

16:10 STRATOSPHERIC PoLAR OzoNE DEPLETION AND IT'S IMPACT ON SURFACE UV-B RADIATION 
R.K.R. Vupputuri 

Atmospheric Environment Research, Richmond Hill, Ontario, Canada 

16:30 COMPUTING DRY DEPOSITION VELOCITIES OF 0, AND CO2 FROM MEAsuREMENTS OF THEIR 
VARIANCES 

lacob Pedro 
Atmospheric Environment Service, Downsview, Ontario, Canada 
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JEWJI/TJlVIiS»"v, l5Jl3O..16H30 SALU I ROOM:2MO 
SESSION lOC: OCtANOORAPHlE·Dts i'tcR!S: OPEN U 
PRtsiDENT I~: DAVID CHECICLEV, SOum .INsrtTIIm OF OCEANOOlW'H)' 
SESSION IOC: "FISlIEllV OCEANOOIW'IIY: OPEN U 

15:30 A NEW MODEL FORl'llEDICTlNG THE NORTHEllN DIVEltSION RATE AND RErlmN TIMING Of 
FRASER R.Ivu SOCun SALMON 

K.A Thomson, P .H. LeBlood, M.C. Healey 
Department of Oceanoarapby, The University of British Columbia, Vancouvet', B.C. , Canada 

W.J. Ingraham 
NOAAlA1asko Fisheries Science Center, Seaule, WA, U.S.A. 

C. Groot 
Department of Fisheries and Oceans, Pacific Biologjcal Station, Nanaimo, B. C. , Canada 

C.G. Healey 
Department of CompUIer Science, University of Britisb Columbia, Vancouver, B.C., Canada 

15:50 FLow fiELDS AND DIUFTEll TllACKS ON WESTEllN BANK, SCOTIAN SHELF 
David Griffin 

Department of Oceanograpby, Dalbousie University, Halifax, Nova Scolia, Canada 

16:10 VAlUAilILITY OF UPID AND MORPHOMETlUC CONDmON INDICES OF INDIVIDUAL COD LARVAE 
(GADUS MOllHUS) FORCED BY ru:DING llEGIME IN THE LABOllATORY 

S. McClalcbie, OJ. Maillet 
Department of Oceanograpby, Dalhousie University, Halifax, Nova Scotia, Canada 

T.J. Millet', T. Herra, W.C. LeUeu 
Bioloay DepartDleDI, McGill University, Montreal, Qu6bec, Canada 

C. T. Taggart 
Department of Fisheries and Oceans, NW Atlantic Fisheries Centre, SI. Jobn's, Newfoundland, 
Canada 

K.T. FranIc 
Department ofPisheries and Oceans, Marine Fish Division, Bedford Institute of Oceanoarapby, 
Dartmouth, Nova Scotia, Canada 

JE\II)I/ T8IlRSDAy,1~jQl5O S,tLu: J'ROOM: 28JO 
SESSION 10~: 0ctAN09RAPJJ1E SATELLI1AJitE: ERS-l.1 
Pll.tsulENT I CBAIJ!MAN: hEn DoBSO.~, BroFORJ) lNsn:ttm: OF OCEANoGRAPHY 
SESSION 10D: SAm.Lt$ ocEANOCIW'IIY: ERS-:U 

15:30 THE ERS-I CALIBllA110N.V ALIDA110N EXPERIMENT: AN OVEKVJEW 
Fred Dobson 

Bedford Institute of Ocean.oarapby, Dartmouth, N.S. , Canada 
M. Kbandelcar 

Atmoopberic Environment Service, Downsview, Ontario, Canada 
P. Vachon 

Canada Centre for Remote Seosillg, Ottawa, Ontario, Canada 
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15:50 SPACEBORNE AND AIRBoRNE SAR IMAGERY OF OCEAN WAVES FROM ERS-l VALIDATION 
Paris W. Vachon 

Canada Centre for Remote Sensin" Energy, Mines and Resources Canada, 588 Booth Street, 
Ottawa, Ontario, Canada 

A.S. Bhogai 
lntera Kenting, Nepean, Ontario, Canada 

16: 10 AIRBORNE RADAR MEAsuREMENTs OF OCEAN SURFACE CHARACTERISTICS DURING THE ERS-l 
SAR CALIBRATIONIV ALIDATION EXPERIMENT 

Douglas C. Vandemark, Edward]. Walsh, ]ohn L. Ward 
NASA Goddard Space Flight Center, Laboratory for Hydrospheric Processes, Wallops Flight 
Facility, Wallops Island, VA, U.S.A. 

Calvin T. Swift, Ellen 1. Martin 
Microwave Remote Sensin, Laboratory, University of Massachusetts, Amherst, MA, U.S.A. 

Bertrand Chapron 
Department of Spatial Oceanography, IFREMER Centre de Brest, Plouzane, FRANCE 

16:30 THE PERFoRMANCE OF TIlE CANADIAN SPECTRAL OCEAN WAVE MODEL (CSOWM) DURING 
TIlE SAR "CALIBRATIONIVALIDATlON" EXPERIMENT 

R. Lalbeharry, M.L. Khandekar 
Atmospheric Environment Service, Environment Canada, Downsview, Ontario, Canada 

VENDREJ)I I FRJDA~; ' 08~IJIO ' , , SA1;J;E / ROOM: 2880 
SESSIONl'L'tNtE1tl: THtMATIQUE ~ ~OROLOGIE: LAMETt()ROLOGJE A LA MtsOtcHELLE 
PUsn>!!NT IClIAIlIMAN:RoNA1;D'E. SrEWAJ!.'J\ CLOODI'ilYS\CS~ca DIVISION, AEs 
PLENARY ntEME '$E$$ION INMET£QltOLO(iY: MEsOSCALE METEOROLOGY 

08:30 MEsoSCALE METEoROLOGY - BEYOND WEATHER PREDICTION AND WARNINGS 
Richard A. Anthes (conf6rencier invit6/ invited speaker) 

University Corporation for Atmospheric Research, Boulder, CO, U.S.A. 

VENuRE,DI / Ji'itiPAY.1i91110-10H30 SALLE / ROOM: 2880 
SEssION llA!~ROLOGlE I 
PREsIDENT I ~~:RONALl> E. STEwART, 'CLOUD PHYSICS, REsEARCH DIViSION, AES 
SESSION llA: MFSO~ METEOROLOGY I 

09: 10 PREDICTABILITY OF PREcIPITATION PATTERNS ON THE MEsoSCALE 
Isztar Zawadzki 

D6partement de physique, Universit6 du Qu6bec a Montreal, Montreal, Qu6bec. Canada 

09:30 TROPOPAUSE FOLDS AND THE DEVELOPMENT OF MEsoSCALE STRUCTURE IN THE PoTENTIAL 
VORTICITY FIELD 

G.W.K. Moore 
Department of Physics. University of Toronto, Toronto. Ontario, Canada 

09:50 THE INFLUENCE OF ROTATION ON MEso-ScALE VORTICES 
Peter Bartello, Olivier M6tais and Marcel Lesieur 

lnstitut de M6canique de Grenoble, Grenoble, France 
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10: 10 A NUMFJUCAL STuDy OF I'RECIPITATION TYPE TRANSITION REGIONS 
Kil KODS SZClO, RODlld E. Stewart 

Atmospheric Euviroument Service, Downsview, Outario, Cauada 

VENDJW)I I FluDAY, 08H30-09H10 SAI+E I ROOM: 3330 
SESSION PLtNIERE 'fHtMATIQUJ> EN OctANOGRAPmE: LA TtLmtrEcnoN £T·LA PRODUCTION 
BIOLOGIQIIE MARlN:E 
I'RtsroMr ICIlA1RMAN: ALAIN VtzlNA, DUAIImImNT D'OC~lW'II1E, UNIVERSITt DU QotBEC A 
RlMOUSKI 
PLENAJlY TIIE1>G: SESSION IN OCEANOGRAPHY: REMOTE SENSING AND MAlUNl> BIOLOGICAL 
rRODVC1fON 

08:30 REMOTE SENSING AND MEsoSCALE BIOLOGICAL PRODUCTIVITY 
Trevor Platt (coDf6reucier invite I invited speaker) 

Department of Fisheries and Oceaus, Biological OceauoeraPhy Division, Bedford Institute of 
Oceanography, Dartmouth, N.S. , CanAda 

VENDREDII FRIDAY, 09HIO-llH30 SALLE I ROOM: 3820 
SESSION llC:OC£ANOCRAPlllE' BIOLOGIQIIE 
PRtsmENT I CJWRM.UI: ALAIN VttlNA, DUUTEMENT D'OC~WHIE,UNIVERSI'I't DU QutBEC " 
RIMoUSltl 
SESSI~N l1C{ BIOLOGICAL OCE.UK>GRAPHY 

09: 10 LARGE SCALE EcOLOGICAL PATTERNS: DISCONTINUOUS DISTRlBU1fON OF MARINE BENTHIC 
EPIFAUNA 

Pedro-Luis ArdiSSOD 

Iostitut Maurice-Lamootague, Pkhes ct Oc~aos Cauada, 850. route de Ja Mer. C.P. tOOO. 
Moot-loti, Qutbec. Cauada 

E. Boutset 
Dl!partemeot de bioloeie. Uuiversiti Laval. Saiute-Foy, Qu6bec, Cauada 

09:30 INFLUENCE DE L'KtitllOCt.NtITt DU StIBSI'RAT SUR LE TAUX DE FIXATION DES LARVES 
D'INYER'ltIW IvnmQUES 

Michel Harvey, E. Bouraet 
Dtpartement de bioloaie, Uuiversic6 Laval, Sainte-Foy, Quebec, Canada 

O. Ingram 
Dept. of Atmospberic and Oceanic Sciences, McGill Uuiversity. MODtreal, Qutbec, Canada 

09:50 VARIATIONS DU POTENTIEL DE CROISSANCE DE MYA AIlENARLt DANS L't'rAGE INTERTIDAL DE 
L'ESTUAIRE MARITIME DV SAINT-LAURENT 

J. PeileriD-Massicotte. L. Bourassa, B. Vincent. A. Daguault 
Departement d'0c6aoographie, Universiti du Qu6bec • Rimouski, Rimouski, Quebec. Canada 

10:10 TEMPoRAL VARlAnoNS IN 11IE TAXONOMY AND EcOLOGY OF NANOPLANICTON IN A 
TEMnRAn CANADIAN FJORD 

P.I. Smith, Louis A. Hobson 
I>epartmeat of BioloBY, University of Victoria. Victoria, B.C. , Caoad& 
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lOIDO-lOHSO PAUSE-CAFt I COFmE BREAK 

10:50 EVIDENCE FOR STRONG COUPLING BETWEEN CALANUS PRODUCTIVITY AND LARVAL REDnSH 
(SEBASTES SPP.) DISTRIBUTION IN TIlE NORTIIERN GULF OF ST.LAWRENCE 

Run,e, 1.A. and Y. de Lafontaine 
lnstitut Maurice Lamonta,ne, Fisheries and Oceans, Mont-loli, Qu6bec, Canada 

11:10 EFFECTS OF SALINITY AND SURFACE TENSION ON MICROBUBBLE-MEDIATED SEA-TO-A1R 

TRANSFER OF SURFACTANTS 
Ruo-Shan Tseng 

Department of Marine Resources, National Sun Yat-Sen University, Kaohsiung, Taiwan, 
R.O.C. 

lohn W. Brown and Richard A. Skop 
Division of Applied Marine Physics, Rosenstiel School of Marine and Atmospheric Science, 
University of Miami, Miami, FL, U.S.A. 

09:10 A PRELIMINARY EVALUATION OF THE ERS-l SAR SPECTRA USING THE IG (FIRST 
GENERATION) AND THE 3G (TmRD GENERATION) VERSION OF A SPECTRAL OCEAN WAVE 
MODEL 

M.L. Kh'ndelarr, R. Lalbeharry . 
Atmospheric Environment Service, Environment Canada, Downsview, Ontario, Canada 

09:30 RADAR-DETERMINED DIRECTIONAL SEA-SURFACE SPECTRA DURING THE ERS-Q CALIVAL 
EXPERIMENT 

loseph R. Buckley, M. Allingham 
Department of Physics, Royal Roads Military College, FMO Victoria, B.C., Canada 

09:50 WIND STRESS AND SEA STATE IN THE ERS-l CAL V AL EXPERIMENT 
Stuart D. Smith, Fred W. Dohson, Robert 1. Anderson 

Department of Fisheries and Oceans, Bedford Institute of Oceanography, Dartmouth, N.S., 
Canada 

10:10 A SYSTEM FOR MEAsURING WIND STRESS AT SEA 
Robert 1. Anderson, Stuart D. Smith, Fred W. Dobson 

Dept. of Fisheries and Oceans, Bedford Institute of Oceanography, Dartmouth, Nova Scotia, 
Canada 

lOIDO-lOHSO PAUSE-CAFt I COFmE BREAK 
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VllNDlt£I)! I Ji'amAY. J,omo:12ino ': SXu.E I ROOM:,l830 
S£SSIQN llli ~1I0LOOJi;n : : , . " " . . 
J'JIESiDI!NT l~: tiouw G. S~\?f; ktMOsPHEk/i:'SCJ£NCEiPi«5G~ UNIVERSITY df'BIU'I'1SIi 
COLllMBJA 
SESSION t1A:. MIiSO~MIm:O\toWl.!YU 

10:50 MODELLING OF GAP WINDS IN HOWE SOUND, BRITISH COLUMBIA 
Peter L Iackson 

Department of Oeoeraphy, The University of Western Ontario, London, Ontario, Canada 
Douw G. Steyn 

Atmospheric Science Proeramme, The University of British Columbia, Vancouver, British 
Columbia, canada 

11:10 MEsoscALE BLOCJaNG AHEAD OF COLD FRONTS AND MOUNTAIN RIDGES 
Peter Taylor, Keith Ayotte 

Department of Earth and Atmospheric Science, York University, North York, Ontario, Canada 

11 :30 BtmGETS DE MASSE ET DE QUANTITt DE MOUVEMEHr A L' AIDE DE RADIO-SONDAGES A HAUTE 
RtsownON SUR LES PYRtNtES (PYREX) 

Robert Benoit 
Recherche en prcvision numerique, EDvironnement Canada, Dorval, Qu&ec, Canada 

11:50 THE REGIONAL EvAPORATION Sn!DY, PAlIT U: I"RELIMINAlIY MOISTtlllE 
BlIDGttlEVAPQRATION REsuLTS 

O.S. Slrong 
Hydrometeorological Processes Division, Atmospheric Environment Service, Environment 
Canada, Saskatoon, Saskatchewan, Canada 

VENDREDl/Ii'R1DA"'i; leliSo-UIDO 
SESSION UB: MODtrzs CLIMATlQuts MO~IAUX I 
PRtSIDIlNT I CHAIRMAN: Sr£VEN 1. L~ERT, CANAilIAN'CLlMATE CENTRE 
SESSION f~lI:. GLOIAL ~lMATJ) MQI)ELs. r 

10:50 LES $CQNARlOS CLIMATIQUES 
lean-Pierre Blanchet (CODf~rencier invit6 I invited speaker) 

S.w.E I ROOM: 'l84O 

D6partement de physique, Universit6 du Qu6bec • MontJUl, Mon~al, Qu~bcc, Canada 

11:30 CLIMATE CDiTItE GCM: SENsITIVITY TO THE REPRESENTATION OF MOIST CONVECTION 
N.A. McFarlane and 0.1. Zhana 

Canadian Climate Centre, Downsview, Ontario, Canada 

11 :50 CLOUD RADIATIVE FoRCING AT TilE Top AND BoTTOM OF TIlE ATMOSPHERE: A COMPARISON 
OF TIlE AES-CCC GeM WlTII ERBE SATELLITE MEAsUREMENTS 

Howard Barker, Zhanqiug Li 
Canadian Climate Centre, Downsvicw, Ontario, Canada 

12: 10 A MAsS-CONSEIIVlNG SEMI-LAGRANGIAN NUMERICAL TRANSPORT SCHEME 
And~ Plante, R~ Laprise • 

D6partement de physique, UniversitA! du Qu6bec i Monuul, Montreal, Qu&ec, Canada 
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VENDREDI i MAl" 10H'SQ:i2WO SoU-LE I ROOM: 3830 
SESsiON tiP~ ~·· lNTtkl£lJRE$ l!:tS~N!l;l!~ 
~ENT ICit~: T. S. MiJRtv.INSTl'l'llTli(()~·OcEAN SClENcr.s. FISHERIES AND OCEANS CANAD~ 
SESSION UD: .~ AND SEMI'ENCLOSEDstA$ 

10:50 THREE·DIMENSlONAL DIAGNOSTIC MODELLING OF mE DENSITY·DRlVEN CIRCULATION IN THE 

GULF OF ST. LAWRENCE 
C. Toro 

Department of Oceano,raphy, Universite du Quebec i Rimouski, Rimouski, Quebec, CaDada 
V. G. Koutitonsky 

InstitutNationai de la Recherche Scientifique (INRS), Oceanologie, Rimouski, Quebec, Canada 
R.E. Wilson 

Marine Sciences Research Center (SUNY), Stony Brook, N.Y. U.S.A. 

11 :10 VARlABILIrt INTERANNUEUE ET INTRASAISONNltRE DE LA COUVERTURE DE GLACE DANS LE 

GOLFE DU SAINT·LAURENT. 1963·1990 
Francis Dery, R. Grant Ingram 

Departement des sciences atmospb6riques et oceaniques, Universite McGill, Montreal, Quebec, 
Canada 

G.L. Bu,den 
Institut d'Oc6anographie de Bedford, Dartmouth, Nouvelle-Ecosse, Canada 

11:30 A THREE-DIMENSlONoU- HYDRODYNAMICoU- MODEL OF CIRCULATION IN mE GULF OF SUEZ. 

EGYPT 
M. A. Rady, Mohammed I. EI-Sabh 

Departement d'OcCanographie, Universit6 du Quebec a Rimouski, Rimouski, Quebec, Canada 
T. S. Murty 

Institute of Ocean Sciences, Fishery and Ocean Canada, Sidney, B. C., Canada 

11:50 A FINITE ELEMENT MODEL STUDY OF CIRCULATION IN mE GULF OF MAINE REGION 
D.A. Greenberg, 1.W. Loder. Y. Shen 

Department of Fisheries and Oceans, Bedford Institute of Oceanography, Dartmouth, N.S. , 
Canada 

D.R. Lynch 
Dartmouth College, Hanover, N.H., U.S.A. 

F.E. Werner 
Skidaway Institute of Oceanography, Savannah, GA, U.S.A. 

12:10 MEDITERRANEAN HEAT CONTENT AND FLUXES: 1950· PRESENT 

Bryan Marks 
Dalhousie University, Halifax, Nova Scotia, Canada 

12HI0-13H30 DtJEUNER I LUNCH 
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VENDJlEDr I FlUl>~y. 13B300\SJUO SAl.U. i ROOM: 2830 
SESSION 131\: ~RQLOGI£ m 
PHsIDENT I~: ANDRt TREMBLAY, CLolJD l'IIYSIcs RmARCli DtvrSlON, AES 
SESSION 13A: lksoSCALEMETEOROLOGym 

13:30 MEsoscALE VORTICITY STRUCTIJRE Of AN INTENsE SQUALL LINE 
Da-Lin Zhan, 

Department of Meteorolo,y, McGill University, Montn!al, Qu&ec, Cauada 

13:50 MEcHANISMS FOR TIlE MESOSCALE ORGANIZATION OF TROPICAL CLOUD BANDS IN GATE 
PHASE m 

V. Balaji, G. P. JClI&SSel1 
Department of Earth and Atmospheric Science, York University, North York, Ontario, Canada 

J. L. Redelspereer 
Centre National de Recherches M6t60roloeiques, Toulouse, Frauce 

14: 10 A THEORY OF SQUALL LINE EVOLtnlON 
Kit KODg Szeto 

Atmospberic Environment Service, Downsview, Ontario, Canada 
Han-Ru Cbo 

Department of Pbysics, University of Toronto, Torooto, Ontario, Canada 

14:30 NtlMEIUCAL SIMULATION OF A HELICAL VORTEX 
L . Deng and D.K. Lilly 

School of Meteorology, University ofOklaboma, Norman, Oklaboma, OK, U.S.A. 

14:50 THE THuNDERSTORMS OF 8 JULY 1m IN TIlE NORTIIERN GREAT PLAINS 
Alexauder H. Paul 

Department of Geo,rapby, University of Regina. Re,ina. SasIc., Canada 
Dan E. Blair 

Department of Geography, University of Winnipec. Winnipeg, Manitoba, R3B 2E9 

. . Ii . . 
VENDREDI/l'axDAY, 13113O-1sHlO SALLE I ROOM: 2840 
SESSION 13B: MOlltW·CLIMATiQUES"lItGIONAux 

PRtsroENT l CHAIRMAN: ~ L~. DErARTllMENt DE PHYSlQIJE, UNiVERSrTt OU QutllEC A 
MO~ . 
SESsION 13B~ REGJOl'{,u, CLlMATEMQDELS 

13:30 REGIONAL CLIMATE MODEUNG 

Filippo Gior,; (coof6rencier invitt I invited spelker) 
National Center for Atmoepberic Research, Boulder, CO, USA 

14: 10 SIMULATION OF REGIONAL CLIMATE OVER EUROPE USING THE LIMITED AREA MODEL Or TIlE 
GEItMAN WEATllER SERVICE 

Alexander Cress, DeIlev Majewski, Ralf Podzun. Volleer Renner 
German Weather Service, Deutscher WetterdienSl. Offenbach. Germany 

14:30 ON THE INTI:Ju>uTA1l0N 0' REGIONAL CLIMATE CUANGE SCENARIOS GENERATED IIY GeMS 
Diana L. Verseaby 

Canadian Climate Centre, Atmospheric Environment Service. Downsview, Ontario, Canada 
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14:50 MEsoSCALE MODELLING OF THE AThfOSI'HEKE WITH A VARIABLE-REsoLUTION GLOBAL 
MODEL 

Sylvie Gravel, Jean C6t6, Michel Rocb, AndIew Staniforth 
Recherche en prevision num6rique, Environnement Canada, Dorval, Qu6bec, Canada 

. 15HIO-151130 PAUSE-CArt I COFFEE BREAK 

V~~t. t ~~", 1511304'7Q30 S~ I lt'OOM: 2830 
SESSION 14A'Hi M:tTtQltQOOGlEsATELLlTAIRE 
~~ / i¥~~I!MAN:. It. :OA,Vif.S.:O)7AA~ O.F A11IfQSJ'~CANl!OCEANlC S¢Jt;NC~, MCGILL 

=1:~~!~ls~~~ltoWGt . ,. .' 
15:30 THE INFLUENCE OF HVMlDITY PROFILES DERIVED FROM GOES IMAGERY IN THE CANADIAN 

GWBAL FORECAST MODEL 
Louis Garand, Jacques Halle 

Atmospheric Environment Service, Dorval, Quebec, Canada 

15:50 WATER VAPOR PLUME CHARACTERISTICS ASSOCIATED WITH THE EXTREME REA VY RAINFALL 
Wassila Thiao 

Satellite Application Laboratory, WWB-{;OI, Washington, DC, U.S.A. 
Roderick A. Scofield 

NOAAlNESDlSISatellite Applications Laboratory, Washington, DC, U.S.A. 

16:10 A NEW APPROACH AT CWUD DETECTION USING THE MULTI-ANGLE IMAGING 
S1'ECTRORADIOMETER (MISR) 

Larry Di Girolamo, R. Davies 
Department of Meteorology, McGill University, MontreaI. Qu6bec, Ceada 

16:30 WlNDll - THE WIND IMAGING INTERFEROMETER ON THE UPPER AThfOSPHERE REsEARCH 
SATELUTE 

G.G. Shepherd, W.A. Gault, B.H. Solheim, C. Hersom, Y. Rochon, C. McLandress, C. Tai, 
D.-Y. Wang, W.E. Ward, R.H. Weins 

Institute for Space and Terrestrial Science, York University, North York, Ontario, Canada 
G. Thuillier 

Service d' A6ronomie du CNRS, Verri~res-Ie-Buisson, FRANCE 

16:50 WIND AND TEMPERATURE PROFILING 
Edward F. Hudson 

Paramax Systems Corporation, Great Neck, New York, USA 

17:10 ANALYSE DE L'EFFET DES VARIATIONS HORIZONTALES DES pARAMtTRES MtTroROWGIQUES 
SUR LA CORRECTION TROPOSPHtRlQVE DES DISTANCES TERKE-SATELUTE 

Jean-Guy Leclerc, Abdellah EI Abdi Elalaoui 
D6partement des sciences g60d6siques et de t616d6tection, Pavilion Casault, Universit6 Laval, 
Sainte-Foy, Qu6bec, Canada 
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VENDREDIIF1®AV, ':tw.qi:l'7H30 ....... . .. .. . SALLE I ROOM: 2840 
SESSION 1 ... 1: M(iptt~S);Hr.lAnQt!ESMQNDIAVXn 
l'RtsIDEN'I' rCHAIRMAN: ••• l~-PIElUIEBtANCBEt,DEi'AR~NtDE PHYSIQUE, UNlVERSlTt DU QWEC 
A MoNTiIEAL . . ..... ...:! 
SESSION 14B:GwilALCLOOn; MoliELS:ll " . . -... ·.·.· . ..,.·o·.~ 

15:30 DIAGNOSTIQUE DE LA VAPEUR D'EAU ET DE LA NtBULOSITt DANS LA STRATOSPHtRE DU 
MODhE DE CIRCULATION GtNtRALE CANADIEN 

Michel Bouchard et Jean-Pierre Blanchet 
D6partement de physique. Universit6 du Qu6bec a Montreal. Montreal. Qu6bec. Canada 

15:50 EXAMINATION OF mE REGIONAL VALIDITY OF mE CCC GCM CLIMATE SIMULATIONS FOR 
mE EASTERN ARCTIC 

H. Wang. J.D. Jacobs 
Department of Geography. Memorial University of Newfoundland. St. John·s. Newfoundland. 
Canada 

16:10 lNTRAsEAsoNAL VARIABILITY AND mE GREENHOUSE EFFECT 
Steven J. Lambert 

Canadian Climate Centre. Downsview. Ontario. Canada 

16:30 PoTENTIAL iMPACTS OF CO,-INDUCED CLIMATE CHANGE USING mE GlSS, GFDL AND CCC 
SCENARIO ON CORN FIELDS IN EsSEx COUNTY REGION 

C. Mitic 
Department of Renewable Resources. McGill University. Macdonald Campus. Sainte-Anne-<le­
Bellevue. Qu6bec. Canada 

Alain A. Viau 
D6partement des sciences gWd6siques et de t616d6tection. Pavilion Casault. Universit6 Laval. 
Sainte-Foy. Qu6bec. Canada 

16:50 A NEW MEmOD OF TESTING TEMPERATURE AND PREciPITATION I'REDICTIONS FROM 
CLIMATE GCM's USING mE TEMPERATURE-PREcIPITATION INDEX (TPI) 

Ambury Stuart 
Weather Research House. Downsview. Ontario. Canada 

George A. Isaac 
Cloud Physics Research Division. Atmospheric Environment Service. Downsview. Ontario. 
Canada 

17: 10 ON mE ACCURACY OF TEMPERATURE AND PREciPITATION ESTIMATES OF mE CCC GCM IN 
mE MACKENZIE VALLEY AREA OF NORmERN CANADA 

Ambury Stuart 
Weather Research House. Downsview. Ontario. Canada 

52 



REsuMEs I ABSTRACTS 

UPWELUNG OVER A CANYON 

Susan E. Allen 
Department of Oceanography, University of British Columbia, Vancouver, British Columbia, V6T IZ4. 

The presence of a canyon cutting the continental shelf has been observed to enhance wind driven upwelling. In 
particular, in the vicinity of Juan de Fuca canyon at the mouth of the Strait of Juan de Fuca an eddy containing deep 
water (depth approx. 450 m) has been documented. We develop a linear theory for a barotropic flow over an 
infinitely thin canyon to illustrate the basic mechanism. The upwelling wind stress generates a growing along-shore 
current whicb avoids the finite length canyon. The shape of Ibis current guides the onshore flow, enhancing it 
through the canyon. Maintenance of a high pressure area over the ridge also increases the flux required through 
the canyon. Strong velocities at the mouth of the canyon allow upwelling from greater depths than at other regions 
of the shelf break. Numerical simulations show that the linear theory has applicability to finite but narrow canyons 
and wealcly nonlinear flow. Effects of baroclinicity will be discussed. 

A SYSTEM FOR MEASURING WIND STRESS AT SEA 

Robert J. Anderson, Stuart D. Smith and Fred W. Dobson 
Department of Fisheries and Oceans, Bedford Institute of Oceanography, Dartmouth, Nova Scotia B2Y 4A2 

The ERS-I Cal-Val experiment and other ongoing research require measurements of wind stress on the sea surface 
at particular times and locations. The inertial dissipation method has been developed over the past few years to 
determine wind stress from measurements of wind speed and temperature fluctuation spectra, which can be made 
from a mast placed at the bow of a ship for minimal flow distortion. (More direct eddy flux measurements require 
a slender, stabilized tower so that measured vertical wind gusts can be free of platform motion and flow distortion 
errors.) 

The system consists mainly of commercially available components and so can be duplicated for use on other ships. 
A mast at the bow of CSS Hudson carries a Gill fast-response propeller anemometer and miniature thermistors at 
14 m elevation. A PC-based analysis package logs time series data at pnHletermined intervals, computes wind aod 
temperature spectra, makes quality checks, applies corrections for the frequency response of the sensors and fits 
an f'" power Jaw to the portion of the spectra lying in the inertial subraoge. Based on similarity theory the wind 
stress and heat flux are computed. At present the ship must remain on station during measuring periods; interfacing 
to the ship's navigation system so that winds can be adjusted for ship velocity and heading will make it possible to 
take data with the ship underway. The software is designed to operate with only occasional checks by technicians 
or watcblceepers. It rejects invalid data such as cases with wind astern or insufficient wind speed, and has the 
capability to resume data logging and analysis following a power interruption. During the Cal-Val cruise the system 
functioned well on its first deployment. Ongoing development will make it capable of running with only occasional 
checking by technicians. 

RADAR-DETERMINED DIRECTIONAL SEA-SURFACE SPECTRA DURING THE ERS-1CALIVAL 
EXPERIMENT 

M. Allingham and J .R. Buckley 
Department of Physics, Royal Roada Military College, FMO Victoria, British Columbia VOS 1BO 

A digitizing X -band marine radar system was deployed as part of the ERS-1 wave spectrum validation cruise on 
board CSS Hudson over the Grand Banks in November, 1991. In excess of 3000 sea surface backscatter images 
were collected. From Ibis data set approximately 100 fully-resolved directional spectra have been produced. 
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Comparisons between these radar-derived spectnl and those calculated from directional wave buoy data and other 
directional wave measurements show many similarities. The directionally ambiguous results of the temporal aliasing 
associated with a relatively slow sampling rate were largely overcome by a re-mapping based on the general 
dispersion relation for surface gravity waves. Investigation into the azimuthal dependence of the backscattered signal 
has shown that the most unbiased estimation of the directional spectrum is produced through the combination of 
individual spectnl derived from a number of look directions. 

MESOSCALE METEOROLOGY - BEYOND WEATHER PREDICTION AND WARNINGS 

Richard A. Anthes 
UCAR, National Center for Atmospheric Research, P.O. Box 3000, Boulder, CO 80307 

It is indisputable that a better understanding of mesoscale atmospheric processes and the development of mesoscale 
observational and modeling systems are keys to improved short-term weather forecasts and warnings of severe 
weather. However, the importance of the mesoscale extends into far broader aspects of science and society than 
weather prediction and warnings. 

In recent years it has become clear that human activities are causing significant changes in the composition of the 
atmosphere. These changes alter the radiation balance of the earth, and are expected to cause changes in the 
weather and climate within the lifetime of today's children that will impact societies in major ways. These impacts 
extend far beyond the expected mean global warming of several degrees Celsius, and many of these impacts are 
expected to be associated with a more active and intense hydrologic cycle. In a hyper-hydrologic cycle, the 
frequency and intensity of heavy rainfall systems, including thunderstorms, hurricanes and floods would likely 
increase world-wide. Paradoxically, while rainfall increases are expected in some regions, models suggest a greater 
frequency of droughts in others, demonstnlting the need for better understanding and predictions of regional climates 
and hydrologic cycles. 

In response to concerns about global climate change, major new interdisciplinary programs such as the International 
Geosphere-Biosphere Program (IGBP), the U.S. Global Change Research Program (USGCRP) and the Global 
Energy and Water Experiment (GEWEX) have been developed over the past few years. Although the focus of these 
programs have been on global issues, they contain significant components related to mesoscale weather. 'Ibis is 
appropriate, since global climate and mesoscale weather phenomena are closely related, and progress in 
understanding one demands similar progress in understanding the other. 

The study of climate, broadly defined, includes the study of the entire spectrum in time and space of weather -
the integration over time of individual westher events determines the climate of a region or a locality. Mesoscale 
weather events, determined by the interactions of the large-scale flow with smaIler-scale variations in topography 
and surface characteristics such as land-water contraats are significant, even dominant contributors to climate in 
many regions or the world. Understanding the climate of the Great Lakes, for example, would be impossible 
without considering mesoscale atmospheric effects and phenomena. 

Similarly, it would be impossible to understand the large-scale, global climate, without taking into account mesoscale 
atmospheric processes. Many of the exchanges of heat, moisture, momentum and chemical tnIce species that 
determine the global physical and chemical climates occur on the mesoscale -- in the surface and boundary layers 
of the atmosphere, in mesoscale frontal zones, and in cloud systems that range from individual cumulus clouds to 
mesoscale complexes of thunderstorms. 

The greatest uncertainties and limitations of global climate models arise from the treatment in the models of 
mesoscale physical and chemical processes, notably cloud-radiation interactions. Mesoscale weather phenomena 
such as "hurricanes, severe thunderstorms and ice storms are not randomly occurring phenonema, but are strongly 
dependent upon the large-scale circulation and associated thermodynamic and moisture fields. Observational 
programs directed toward answering questions relevant to both the global scale and the mesoscale are needed to 
advance understanding in both areas. Atmospheric scientists who are specialists in mesoscale meteorology and 
climate stand to gain much from improved communication and collaboration with each other, and national and 
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· 
intematiotW proJllllDS such as Iho TOOA-COARB experiment will increasingly serve Iho researeh needs of both 
communities. 

LARGE SCALE ECOLOOICAL PATTERNS: DISCONTINUOUS DISTRIBUTION OF MARINE BENTHIC 
EPIFAUNA 

P.-L. ArdiS80llllld E. Bourget 
GIROQ, D6partement de biologie, Universit6 Laval, Quebec (Qu6), Canada GIK 7P4 

Spatial distribution patterns of benthic littoral fauna we", studied over a l2-yr period in a large subarctic ecosystem, 
the Estuary IIId northwestern Gulf of St. Lawrence. Binary presence-absence data obtained from suspended 
collectors (navigation buoys) moored yearly, from May through November, we", used to examine ecological 
affinities IIId spatial heterogeneity in species distribution. Analyses of species co-occurrence followed by arithmetic 
average clustering, conducted at large (whole system, Gulf, Estuary) and intermediate (North Shore plus Lower 
North Shore) spatia\ scales, revealed a recurrent species association (composed of 12 species among which Obelia 
longissima, Myti1us edulis, Balanus crenatus, Hiate1la arctica, and Semibalanus balanoides) characterizing the entire 
Estuary-<lulf area. Frequency analyses carried out along three potential pathways of larval dispersal, made it 
possible to identify major spatia\ discontinuities in species distribution as well as the community members 
contributing most to them. The outstanding changes in composition and distribution of benthic species throuahout 
the study area we", hiahly coincident with well defined physiographical (e.g. presence of straits, islands, contour 
of shoreline) IIId hydrographical (e.g . zones of freshwater inputs, upwellings, frontal zones) features of the system, 
particularly alona the estuarine gradient. 

EVAPORATION minus PRECIPITATION FORCING OF THE NORTII ATLANTIC. 

Aura S. M. 0, Weaver A.I. 
Dept of Atmospheric & Oceanic Sciences, UDiversity of McGill, 80S Sherbrooke St. West, Montreal, Qutbec, H3A 
2K6 

Several numerical experiments involving long-time integrations are carried out using the Bryan-Cox Ocean General 
Circulation Model to investigate the variability of the Thermobaline Circulation unde} non-zonal steady surface 
forcina and ..... istic geometry. To this end the surface forcing fielda are derived from the observed climatological 
data aets of Levitus (1982), Hellerman and Rosenstein (1983) and, Schmitt et aI., (1989). Further, the Arctic fresh 
water fluxes, an important part of the hydrological cycle within the North Atlantic Deep Water formation region, 
are taIcen into account. It is found that even under present day climatology forcing the system may oscillate at 
decadal to interdecadal period. The oscillations appear to be advective phenomena linked to the propagation of 
temperature and aa1inity anomalies from one region of the model domain to another. 

AN EXAMINATION OF THE ROLE OF T1JREULENCE CLOSURE IN MODELED FLOW OVER COMPLEX 
TERRAIN 

Keith W. Ayotte, Dapena Xu and Peter A. Taylor 
Department of Earth and Atmospheric Science, York University, 4700 Keele St., North York, Ontario, M3I IP3 

Shear aenerated boundary layer twbuIence is subject to modification as it passes over complex terrain. These 
modifications are due to • number of processes includina rapid distortion and variations in production rstes 
associated with streamline curvature. These processes are examined in the context of a comparison between 
modeling results using • number of twbuIence closures. The closures range in complexity and physical completeness 
from very simple first order closures which assume local equilibrium of turbulence fields, to the more complex and 
physically complete q21 turbulence closure. The q21 closure solves equations for turbulent kinetic energy, mixina 
length and a symmetric matrix of second order turbulence moments. As a basis, the study uses the mixed 
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spectral-finite difference (MSFD) model of Beljaars et. a1. (1987) in which the model equations for mean and 
turbulence variables are Fourier tranaformed in horizontal space and solved as a boundary value problem in the 
vertical dimension. 

Model results are presented for 1'lfJ= 103 tu 107 (where is the length of the hill) and are discussed within the 
physical framework of inner and outer layer flow as defined by Jackson and Hunt (1975). The results are also 
compared tu linear rapid disturtion theory and wind tunnel studies. 

BOUNDARY LAYER PROCESSES NEAR AND OVER LAKE ONTARIO 

Keith W. Ayotte and Peter A. Taylor 
Department of Earth and Atmospheric Science, York University, 4700 Keele St., North York, Ontsrio, M3J IP3 

Thermally and topographically forced circulations over Lake Ontsrio are studied using a two dimensions!, 
hydrostatic mesoscale model. The model employs second order turbulence closure and has been shown to reproduce 
a number of observed boundary layer structures. Model runs are made over a section across Lake Ontsrio passing 
north-south through the Pickering nuclear generating station and extending into New York state. Model results are 
verified against MesoNet wind observations in the area surrounding Pickering. Model results showing the evolution 
of turbulence fields throughout a diurnal cycle are presented. These results show that diurnaIly forced inertial 
oscillations are generated as offshore parcel trajectories pass from a highly turbulent boundary layer to nearly 
laminar flow over the lake. These oscillations are found to propagate across the lake and are of a magnitude 
sufficient to significantly alter air parcel trajectories. This has importance in the context of studies involving 
trajectories of atmospheric relesses from nearby industrial sources. 

THE INFOMET PACKAGE OF SOFTWARE MODULES FOR COLLECTION, ARCHIVING AND DISPLAY 
OF DATA FROM THE ANIKOM SATELLITE LINK 

Keith W. Ayotte, Peter A. Taylor and David Sills 
Department of Earth and Atmospheric Science, York University, 4700 Keele St., North York, Ontsrio, M3J IP3 

Following the advent of the Anikom satellite link providing real-time alpha-numeric data and raster format 
meterological charts, universities across Canada have begun to make use of this data in resesrch and teaching. A 
number of commercial software and hardware solutions for the archiving and display of this data are available. This 
display describea a system of PC-based software modules that have been developed within the Canadian university 
community with some private sector help. They provide a low cost, effective alternative for archiving and display 
of the data. The software has been developed for free distribution to academic institutions across Canada. 
Information is presented regarding the capabilities, availability and future extensions of the software. 

PREVISIONS DE DGNES DE BOURRASQUES DE NEIGE A LA MESO-ECHELLE. 

Denis Bachand et Jean Morissette 
Centre Meteorologique du Quebec (CMQ), 100 Boul. Alexis-Nihon, Ville Saint-Laurent, Quebec 

Une etude comparative de cas de bourrasques de neige se developpant en Iigne au passage d'un front froid intense 
a ete faite au CMQ. II en ressort I'etablissement des conditions synoptiques favorables II la formation de ces 
bourrasques et Ie developpement d'une strategie de prevision permettant d'emellre des a1ertes meteorologiques 
pour ce phenomene de la meso-echelle. Le radar est mis II profit pour la detection du phenomene et la pr6vision 
II courte 6ch6ance. 

Un cas particulier, soit celui du 18 janvier 1991 sur Ie sud-ouest du Qu6bec, sera presente pour iIIustrer les 
conditions synoptiques impliqu6es et montrer la formation et I'evolution de la Iigne de grain hivemal qui en est 
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r6sult6e. L'approche pr6visionnelle pr6conis6e au CMQ sera bri~vement abord6e. 

MECHANISMS FOR TIIE MESOSCALE ORGANIZATION OF TROPICAL CLOUD BANDS IN GATE PHASE 
m 

V. Balaji''', J.-L. Redelsperger and G.P. Klaassen' 
'Department of Earth and Atmospheric Science, York University 
North Yonc, Ontario, Canada M3J IP3 
"Centre National de Recherches Meteorologiques 
Toulouse, France 

Mesoscale cloud clusters are a frequently observed feature of Ibe tropical atmosphere, and are responsible in large 
part for Ibe observed large-scale vertical mass flux. Given that Ibe forcing for such convection comes from 
widely separated scales (boundary layer motiona on Ibe scale of I lan, and large-scale ascent on Ibe scale of over 
1000 Ian) Ibe organization of low-level ascent into the 10-50 Ian scale asaociated wilb deep convection and cloud 
clusters remains an important problem. We present numerical simulations which identify Ibe mechanism responaible 
for Ibe transition in Ibe low-level mass distribution and show that it operates even in Ibe presence of a capping 
inversion at 2km, and in the absence of large scale forcing. The case study is one of several reported by LeMone 
and Meitin (1984) during GATE Phase III of shallow cloud bands wilb a horizontal periodicity in Ibe range IS-SO 
Ian: as Ibe convective deplb in these cases was on the order of \Ian or less, Ibe predictiona of Ibe linea( Ibeory for 
an isolated boundary layer do not appear to hold. Based upoo a numerical study of ooe of Ibese cases in a non-linear 
non-hydrostatic model of a deep layer including Ibe stable free troposphere, we show that mesoscale organization 
of sballow cloud bands can he attributed to a mechanism where Ibe scale selection is modified by Ibe presence of 
deep gravity wave modes above Ibe cloud layer. A turning wind profile, especially one where Ibe boundary layer 
mean shear is perpendicular to Ibe shear in Ibe lower troposphere, is shown to he particularly conducive to Ibe 
operation of such a modulation, and furthermore, leads to line organization. This kind of profile is typical of Ibe 
disturbed conditions of GATE Phase m, where Ibe African Easterly Jet undergoes rotation due to a passing easterly 
wave trough. 

BAROCLINIC INSTABILITY IN A TWO LAYER MODEL WITH PARAMETERIZED SLANTWISE 
CONVECTION ' 

G. BaJasubramanian, M. K. Yau 
Department of Atmospheric and Oceanic Sciences, McGill University 

A two layer primitive equation model is used to study the effect of parameterized slantwise convection on baroclinic 
waves. The model produces, in terms of pressure drop, an explosive cyclone. Assuming that Ibe latent beat release 
by clouds is balanced by adiabatic cooling, Ibe effect of convection is transferred from Ibermodynsmic to continuity 
and momentum equationa. The large scale is assumed stable to convection and where Ibere is local instability, 
convection distributes Ibe mass flux on angular momentum surfaces. Two types of clouds are considered. The deep 
clouds heat Ibe atmosphere and Ibe shallow clouds are important for Ibe houndary layer budaet of entropy. The 
model could reaJistically produce Ibe increase in large scale vertical velocity and large scale subsidence is noted to 
Ibe east of cyclone centre in Ibe mature stage. The maximum vertical velocity is to Ibe north of Ibe storm-centre. 
The scheme heats Ibe model atmosphere and hence brings it to a state of neutrality to slantwise convection. The 
shallow clouds transport low entropy tropospheric air into Ibe boundary layer and hence are important for bringing 
Ibe atmosphere to slantwise neutral state. 

Diagnostic studies of Ibe differential Ibermal advection and Ibe vorticity advection pattern indicate a strong 
correlation between convection and large scale pressure drop. The increased differential Ibermal advection is related 
to increased frootogenetic forcing along Ibe warm froot. The model seems to bave a weak dependence on Ibe 
fractional cloud cover. The location of Ibe SST anomaly relative to Ibe storm-centre is found to be crucial to Ibe 
development of Ibe storm. 
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CLOUD RADIATIVE FORCING AT TIIE TOP AND BOTTOM OF THE ATMOSPHERE: A COMPARISON 
OF THE AES-CCC GCM WITH ERBE SATELLITE MEASUREMENTS 

Howard Barker, Zhanqiug Li, Jean-Pierre Blanchet· 
Atmospheric Environment Service of Canada 
"Department of Physics, University of Quebec, Montresl 

The radiative chsracteristics of Earth's clouds are amongst the most difficult atmospheric vsriables to both model 
and measure. With several years of Earth Radiation Budget Experiment (ERBE) aatellite data, however, it is 
possible to isolate the monthly averaged contribution of all clouds to net broadband radiative fluxes at the top of 
atmosphere (fOA). The main point of this study is to assess the treatment of clouds, moisture transport, and 
radiative transfer in the AES-CCC global climate model (GCM). This is achieved by comparing GCM results with 
ERBE inferred cloud radiative forcings at both the top and bottom (surface) of the atmosphere. 

Cloud radiative forcing (CRF) is defined as the difference between net radiative fluxes in cloudless and cloudy 
(realized) conditions. In theory, CRF can be defined at any level within the atmosphere, but II10bal observation is 
obtained by satellites and so CRF analysis has been restricted to the TOA. With the advent of methods for 
estimating surface absorptance in all sky conditions from satellite data, however, CRF can be easily and naturally 
extended to the surface. CRF at the surface and TOA are readily and systematically computed in the CCC GCM. 
The CCC GCM has been run with 10 years (1979-1988) of observed monthly sea-surface temperatures 
(pCMDI/AMIP experiment). This coincides with ERBE and ISCCP cloud datasets which span 1985-1988. Thus, 
using this GCM simulation to compare with observed data should provide much insight into the GCM's portrayal 
of clouds and radiation for much of the lower boundary condition i. prescribed correctly. 

THE INFLUENCE OF ROTATION ON MESOSCALE VORTICES 

Peter Bartello, Olivier M6tais and Marcel Lesieur 
Institut de M6canique de Grenoble, BP 53 X, 38041 GRENOBLE, France. 

Numerical simulations investigating the stability of isolated 2D coherent vortices in roIatinll homogeneous 3D flow 

are described. In a study of shear flows, Lesieuret al. (1991) found that 2D cyclones (anticyclones) with vorticity, "20 

oriented para1lel to the rotation axis and with central values of the order of twice the rotation rate, a are 

stabilized (destabilized) by the rotation. This result implies an asymmetric limitation to the two-dimensionalizing 
influence of rotation at mesoscale timescaies of the order of a day. Their explanation, in terms of sheared absolute 
vorticity filaments, can be applied to quasi 2D homogeneous flow, where the transfer is effected by the quasi-passive 
straining of small-scale vorticity by the large-scale flow. A study of triply-periodic pseudo-spectral simulations of 
rotating turbulence 64' was undertaken in order to illustrate both the three-dimensionalization of initially-2D vortices 
as well as the emergence of 2D structures in initially-isotropic 3D turbulence. Isolated coherent 2D vortices, 
obtained from a 2D decay simulation, were superposed with a low-amplitude 3D perturbation, and used to initialize 

the first set of simulations. With a· 0 ,a three-dimensionalization of all vortices was observed. 

This occurred first in the small scales in conjunction with the formation of longitudinal vorticity structures with 

vorticity perpendicular to that of the initial quasi 2D flow. When g2Q = [":wl_ ,a rapid destabilization of 

anticyclones was observed to occur, whereas the initial 2D cyclonic vortices persisted throullhout the simulation. 

At larger Q ,both cyclones and anticyclones remained 2D, consistent with the Taylor-Proudman theorem. A 

second set of simulations starting from isotropic 3D fields was initialized by allowing a random velocity field to 
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evolve( 0 = 0 )lIIIIilmaxuullmeDellYdjssip"tion. Wbentbesimulalionwascontinlledwith ZO ~ [ ... 0]_, 101 

, the 3D flow was observed to organize into ZD cyclonic vortices. At Jaraer 0 ,ZD anticyclones also emeraed 

from the initially-isotropic flow. 

When considered in isolation, the effect of rotation on mesoscale vortices is clesr. For quasi ZD vortices with 
characteristic circulation times of the order of a day, there is a complete disruption of anticyclonic eddies and an 
increased stability of cyclonic oocs. 

Lesieur, M., Yanase, S. and M6tais, 0., 1991, Stabilizing and destabilizing effects of a solid-body rotation on 
quasi-two-<limensional shear layers, Phys. Fluids}, A3, 403407. 

A 3-D SPECI'RAL MIDDLE ATMOSPHERE MODEL 

S.R. Beagley', I. de Grandprll', I.W. Kaminski', I.C. McConnell', N. McFarlane'" 
'Department of Earth and Atmospheric Science, York Univenity, North York, Ontario 
'Canadian Climate Centre, Atmospheric Environment Service, North York, Ontario 

Ao important environmental issue is the evolution of the ozone layer in the stratosphere and in particular, its 
response to increasing chlorine and bromine levels. In the past 1- and 2-D models have been applied to study these 
effects and most recently 3-D models have begun to be applied to this problem. A group from several universities, 
York, UT, McGill, UQAM will be forming a consortium to build a middle atmosphere model and use it as a 
community tool for studying the middle atmosphere chemistry and dynamics. The model will be based on a 
prototype currently being developed between AES and York using the CDT (Chemistry and Dynamics of the 
Troposphere) version of the AES CCC GCM6 model with chemistry which has been run with the top at 1 mb. The 
chemical module will be based on the York stntospheric speCtral CTM (chemical transport model) which has 
recently been used with both model and objectively analysed wind fields to investigate the austral and boreal polar 
ozone holes. The talk will describe the current GCM and CTM and the status of the prototype and present results 
if available. 

'. 

, 
L'IMAGERIE DES SATELLITES-METEO NOAA POUR LA SURVEILLANCE DU COUVERT vEGETAL 

Jean Beaubien 
Centre de foresterie des Laurentides, Forats Canada, lOSS, du P.E.P.S., Sainte-Foy (Qu(\bec), GlV 4C7 

L'imagerie A VHRR transmise par les satellites-mi!tOO de la slSrie NOAA gagne en popularill! avec la multiplication 
des 6tudes enviroonementales face aux chanllements climatiques pr6visibles. Cette imagerie, d 'une r6s0lution 
spatiale de 1.1 km et capt6es quotidiennement, constitue actuellement Ie seul moyen d' observation globale, 
r6p6titive et continue de la biosphere. 

Pour caracll!riser Ie milieu v6g6ta1e on utilise g6n6ra1ement un indice de vegetation normaIislS ("NDVI") calcul6 
a partir des deux bandes spectrales r6flectives disponibles : rouge (R) et proche infrarouge (PIR). II a e16 
demontr6 que eet indice est corr6le a des parametres de veg6tation tels Ie recouvrement, I'indice foliaire ou la 
biomasse. 

Pour obtenir plus de definition en foret, des m6thodologies d'accentuation et de classification d6velopp6es au 
Centre de foresterie des Laurentides (CFL) pour I'imagerie Landsat MSS et TM ont 6t6 adap16es aux donnees 
A VHRR: combinaisons lin6aires de bandes spectrales. segmentations, interpr6tation et classification d'accentuations, 
etc. Les etudes ont surtout port6 sur les bandes R et ptR; J'apport de la bande MIR-Thermique a aussi 6t6 
examine. Malgr6 la faible r6solution de ces donnees (1.1 km), it est possible de distinguer globalement trois 
densit6s de r6sineux, les melang6s a dominance r6sineuse et feuiIlue, les feuillus, de larges pertubations (feu, 
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coupes), 1es landes boi~, la toundra et d'autres thm... en fonction du milieu environnant. 

Apres une breve description des m6thodologies utilio6es, Ie potentiel de l'imagerie NOAA pour des etudes 
environnemeotales sera discut6. Tout en offront une vue synoptique incomparable, elle renferme une information 
Ires valable sur Ie couvert vegetal. 

BUDGETS DE MASSE ET DE QUANTITE DE MOUVEMENT A L' AIDE DE RADIO-SONDAGES A HAUTE 
RESOLUTION SUR LES PYRENEES (PYREX) 

Robert Benoit 
Recherche en prevision num6rique, Environnement Canada, Dorval, H9P lJ3 

Durant la phase 'terrain' de la campaene PYREX (Bougeault et al., Bull. Amer. Meteor. Soc., 71, 1990), des sites 
additionnels de radio-sondage furent mge. autour du massif montagneux des Pyr6nes. R6partis sur deux 
polygones concentriques de 300 et 600 kIn de diam~te, 11 postes ont foumi des observations en altitude a intervalle 
de six heures durant toutes les p6riodes d'observation intense (pOI). Les mesures sur I'anneau interoe sont i haute 
resolution verticale. 

Celte etude vise II obtenir certaines des composantes des bilans de la masse et de la quantili! de mouvement 
horizontale, tels que d6termin6s seulement II partir d'observations, i.e. sans Ie concours d'aucun mod~le de 
simulation atmospberique ni d'un scMme d'assimilation de donnees. Les bilans sont calcul6s sur une couche de 
15 kIn. En relation avec des etudes bi- ou tri-dimensionnelles, on choisit comme base du volume de bilan soit la 
ligne du transect principal PYREX (vallee d' Aure - Ainsa), soit un rectangle recouvrant tout Ie massif montagneux. 

Les donnees du flux atmospberique sont projet6es sur une grille fine de 10 km au moyen d'une technique 
d'interpolation spline vectorielle avec contrOle sur la divergence et Ie tourbillon. 

Des resultats sur les POI de premim priorit6 sont present6s et reli6s avec les mesures de trainee determinees 
uniquement • partir du reseau des observations en surface. 

CLOUD AND OCEAN ANALYSIS OF INSAT-II DATA 

Nancy Sepple, and Len Laba 
MacDonsld Dettwiler, Richmond, B.C., Canada, V6V 213 

With the launch of the INSAT-II satellite in (April, May, ... ) 1992, the India Meteorological Department (IMD) 
required an upgrading of their meteorological satellite data processing system. MacDonald Dettwiler, of Richmond 
B.C., and its Indian partner CMC Limited, provided a new system to process all data from INSAT-I, INSAT-II 
geostationary and TIROS-N polar orbiting satellites. The system provides extensive analyzed product generation 
including cloud and ocean analysis, and TOVS processing, as well as support for the Intemational Satellite Cloud 
Climatology Program (ISCCP). The cloud and ocean analysis methoda used in the system, which include 
approaches of the japanese, U.S., Europesn and Indian meteorological departments, will be discussed. The system's 
TOVS processing, including the ITPP statistical and physical retrieval algorithms from the University of Wisconsin, 
and the 31 paclcage from the Laboratoire de Mett!orologie Dynamique du Centre National de la Recherche 
Scientifique in Paris, will be outlined. The INSAT-II Meteorological Data Processin& System will ensure that the 
India Meteorological Department can continue to support its national and interoational mandate to provide high­
quality and timely meteorological information. 
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PHYSICAL PARAMETERIZATION FOR THE FUTURE CANADIAN FORECAST MODELS 

B. Bilodeau, 1. Mailhot, o. Pellerin' 
Recherche en prevision numerique (RPN), Service de I'environnement atmospherique, Dorval (Quebec) 
'Canadian Meteorological Centre (CMC), Service de I'environnement atmospherique, Dorval (Quebec) 

The Canadian Meteorological Centre and Recherche en Prevision Num6rique currenUy support two operational 
models. The Regional Finite Element Model (RFE) i. used for short-range fon:casting (0-2 days) over Canada and 
adjacent areas, whereas the Global Spectral Model provides guidance for the longer range (up to 5 days). Improved 
versions of both models are heing developed for future implementation on the NEC supercomputer. 

The two models run operationally with basically the same physical parameterization package. They both use a 
relatively simple infrared and terrestrial radiation scheme, a moist convective adjustment scheme, and a large-scale 
condensation and diagnostic cloud parameterization. In addition, a gravity wave drag parameterization and an 
enhanced vertical diffusion of moisture have heen implemented in the spectral model. Other modules are available 
as options: a Kuo-type convection scheme, an explicit liquid water scheme due to Sundqvist, and a sophisticated 
radiation package with fully interactive clouds. 

Our objective is to select an optimal combination of the above-mentioned options, which will become the new 
operational physical parameterization package for both Canadian models. In order to achieve that goal, we have 
tested the available options on the NEC supercomputer with a high-resolution version of the RFE model. The most 
promising results will he presented. 

L'EVALUATION DU POTENTIEL TORNADIQUE ET SON SUIVI AU C.M.Q. POUR LE CAS DU 27 AO(rr 
1991 (MASKINONOB). 

Henri-Paul Biron, Mario Benjamin (C.M.Q.), Richard Moffet, Guy Viau Section de la formation professionnelle, 
S.E.A., Centre M6t60rologique du Quebec (CMQ), 100 Boul. Alexis-Nihon, Ville Saint-Laurent, Quebec 

L'6valuation du potc:ntiel tomadique a subi recemmn""t de profondes modifications au C.M.Q. (Centre 
M6teorologique du Qu6bec). La venue du logiciel SHARP n' est pas 6trangere • ces changements. SHARP (Skew 
T IHodograph Analysis and Research Program) est un logiciel, fooctionnant sur PC, qui permet de visualiser et de 
modifier les sondages atmospheriques. De plus, ce logiciel permet Ie calcul rapide de differenls indices, dont ceux 
d 'helicitt relative et d'6nergieihelicitt, qui ont contribue grandement Ii reviser notre approche Quant II 
I'evaluation du potentiel tomadique. La tornade qui s'est produite a Maskinonge Ie 27 aoQt 1991 nous servira de 
v6hicule pour la demonstration de celie nouvelle approche previsionnelle de ce type de temps violent. 

LA TORNADE DE MASKINONGB. 

Henri-Paul Biron et Marlo Benjamin du C.M.Q., Richard Moffet et Ouy Viau section de la formation 
professionnelle du S.E.A., Pierre Pelletier et Guy O'bomsawin des services met60rologiques du S.E.A, region du 
Quebec et Maurice Dub6 du Bureau Met60rologique de Trois-Rivieres. 

Dans la journee du 27 aom 1991 plusieurs 6v6nements violents se sont produits au Quebec. La nature s'est 
parliculierement d6chain6e dans la region de Maskinonge, oil une tornade s'est produite. Celte tornade, • elle 
seule, aura cause jusqu' a 17 millions de dollars de dommages dans la seule municipalitt de Maskinong6. 
Heureusement aucune perte de vie humaine n'a ete deplon\e lors de son passage. Selon diff6rentes enquetes, dont 
celie de Maurice Dub6 (BM4 de Trois-Rivieres), il s'agissait d'une tornade d'intensit6 F3 sur l'6chelle de Fujita, 
ce qui est un ph6nomene assez rare au Quebec. 

Dans cette affiche nous presentons des boucles d'animation radar de 1'6v6nement, de mame que des boucles 
d'animation satellitaire. De plus, un video montrant des dommages causes par la tornado sera egalement presentt. 
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DEVELOPMENT OF A GAS CHROMATOGRAPH FOR TRACE LEVEL MEASUREMENT 
OF PEROXYACETYL NITRATE IN AMBIENT AIR. 

Pierrette Blanchard, Paul B. Shepson 
York University, Dept. of Chemistry and Centre for Atmospheric Chemistry, 
Toronto, Ontario, M3l IP3 

Peroxyacetyl Nitrate (PAN, CH3C(O)OON02) is an atmospheric oxidant that plays an important role in the 
transport and chemistry of NOy and thus impacts significantly on tropospheric ozone. PAN is often found at very 
low concentrations, e.lI. < 5 ppI. There is thus a need for reliable measurements of PAN with good time resolution 
at trace, i.e. low ppt, levels. 

Here we report results of a modification of a gas chromatograph based on post..:olumn chemical amplification. The 
amplification of the PAN to N02 conversion is achieved through a COINOx chain reaction. For NO and CO 
concentrations of 3ppm and 6 % respectively the instrument can yield a constant chain length of the order of -70 
which results in an improvement of the instrument detection limit. This instrument should enable ambient PAN 
measurement with exceJlent detection limits « I ppt), good time resolution (5 min.) and can be calibrated in the 
field with N02 standards. 

LES SCENARIOS CliMATIQUES 

lean-Pierre Blanchet 
D6partement de physique, Universit6 du Quebec a Montr6aJ 

L' int.!r6t croissant pour les questions environnementales met en 6vidence la n6cessit6 d'6tablir des se6narios des 
changements climatiques tant .. l'6chel1e regionale qu'" 1'6cheJle mondiale. Le climat influence plusieurs aspects 
de notre environnement. Suite Il un rechauffement du climat, certaines regions du globe, d6jll soumises .. des 
conditions climatiques rilloureuses, se retrouveront dans une situstion precaire a10rs que d' autres regions seront 
avantagees. Le n!chauffement mondial moyen pr6vu de 2 Ii 4·C pour Ie milieu du siecle procbain repr6seote un 
taux de changement in6gal6 dans I'histoire de la biospMre. La simulation numerique est la methode la plus 
appropri6e pour 6valuer les cons6quences physiques de I'activit.! humaine sur Ie climat. Pour atteindre ce but, la 
communaut.! scientifique intemalionaJe a mi. en oeuvre des projets de IIIOdeles climatiques elahorea, n6cessitant 
I' emploi de puissants ordinateurs et des m6thodes de plus en plus sophistiqu6es. 

La complexit6 du syslllme atmaspbm-ocean-terre rend cette tllche tr6a ambitieuse. Pour y arriver, il nous faudra 
comprendre les liens existant entre les difft!rents processus physiques de ce sysll!me. Depuis une quinzaine 
d ' annees, Ie centre climatologique canadien travaille a d6velopper des Modeles de Circulation G6n6ra1e (MCG) 
pour etudier Ie climat de I'atmosphere et de la surface terrestre. Bient6t, ces modeles seront etendus pour simuler 
la dynamique de I'ocean, 18 stratospMre et, eventuellement, la biospMre de fa~on interactive avec Ie climat. La 
recherche adresse des questions scientifiques sur notre environnement et apporte des informations importantes pour 
les d6cideurs. Ce pro jet ambitieux impliquera un groupe de plus en plus important de chercheur Ii travers Ie 
Canada. 

Cette presentation fait un survol d' outils disponibles ou actueJlement en developpement et permettant la simulation 
de scenarios pouvant affecter Ie climat. Ces outils et Ie reaultat de leurs simulations seront de plus en plus 
accessibles aux chercheurs canadiens de diseiplines vari6es. La n6cessit6 d'une expertise mUltidiseiplinaire s'impose 
de par la nature merne du probleme. 
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KINEMATICS OF MIXING IN COASTAL WATERS 

David Booth and Jean-Franyois Dumais 
D6partement d'oceanographie, University du Quebec a 
Rimouski, Quebec, GSL 3Al, Canada. 

In an attempt to visualize dispersion in sballow tidal waters, we consider regions where particle trsjectories are 
sensitive to position. Flow separstion is an example of such a region. From a kinematic point of view, these regions 
playa role in the general dispersion when they are coupled to a mechanism of temporary trspping. From the 
trspping, the particlea return to the origins! flow but are separated from their origins! neighbours. Shear dispersion 
displays aspects of coupling between sensitivity and trspping, but the coupled combinstion is expected to be 
important elsewhere when the horizontal scale of topography is shorter thsn the tidal excursion. Dispersion by this 
means occurs with a minimum of turbulence. The poster will present a simple case iIIustrsting the necessary 
elements of such dispersion. 

DIAGNOSTIQUE DE LA VAPEUR D'EAU ET DE LA NEBULOSITE DANS LA STRATOSPHERE DU 
MODELE DE CIRCULATION GENERALE CANADIEN 

Michel Bouchard et Jean-Pierre Blanchet 
Departement de physique, Universit6 du Qu6bec a Montr6a1 

La formation du "trou d'ozone" dans lea regions polairea eat intimement reliee a la presence de nuages (pSC) se 
d6veloppant dans la strstospbere polaire durant I'hiver et Ie debut du printemps. Avec I'intensification de I'effet 
de serre provoqu6e par I'augmentation de CO" la troposph~re se rechauffe. Par contre la strstosph~re se refroidit, 
ce qui tend a augmenter la fr6quence et Ia couverture des PSC, avec des cons6quences probables sur la 
concentration de l'ozone. 

L'objectif de ce pro jet eat, dans un premier temps, d'6valuer Ie biIan de 1a vapeur d'eau dans 1a strstosphere tel 
que simu16 par Ie MOO canadien; c'eal-i-dire I'injection de vapeur d'eau, son trsnsport vers les p6les et sa 
precipitation aux latitudes 6lev6ea de I'h6misphere d'hiver. La circulation de 1a vapeur d'eau dans la strstospbere 
est assez mal connue, d'oU I'importance d'6valuer les r6sultats du MCG et de tenter d'6tablir des comparaisons 
avec les donne. observ6es disponibles. Par Ia suite: 1'6tude sera 6tendue au cIimst de double CO, de fayon A 
determiner si les changements de temperature et d'humidit6 favoriseront I'expansion des PSC et eventuellement 
la destruction de l' ozone dans lea regions polaires. 

SCRIBE: AN INTERACTIVE SYSTEM FOR COMPosmON OF METEOROLOGICAL FORECASTS 

J. Boulais, G. Babin, D. Vigneux, M. Mondou, R. Parent, R. Verret 
Development Branch, Canadian Meteorological Centre 

The Canadian Meteorological Centre (CMC) has developed RAPELS, a prototype plain language public forecast 
generation system for days 1 to 3, to produce automated forecasts at 264 Canadian stations. The initial reaction from 
the Regional Weather Centres evaluating it was positive, although the system needed refinements. The CMC 
designed the SCRIBE system based on previous expertise, to address these problems and provide to the Regions 
an operational system tailored to their needs to help the composition of public forecasts. The prototype version of 
SCRIBE has been developed with the close collaboration of the Quebec Weather Centre and the Maritimes Weather 
Centre. 

The philosophy behind SCRIBE is as follows: a set of objective weather element guidance matrices at stations or 
sample points, prepared centrally at CMC, trsnsmitted and decoded at the Regional Weather Centres are edited 
through a user-friendly interface. Plain language bilingual public forecasts are then generated from the modified 
guidances. 
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The weather element forecasts found in the matrices are prepared at 3-hour intervals giving SCRIBE a 3-hour time 
resolution. Weather element matrices for forecast areas (sub-regions) are generated locally from those available at 
the sample points within each area. These matrices are then combined in space and time by the Space Combination 
System to create matrices for forecasts regions. They then are combined to produce matrices for groups of regions 
(super-regions). The three levels of matrices (sub-regions, regions and super-regions) are all in the same format. 

The weather element matrices are pre-processed by the Concept Generator before being displayed on the interface. 
The Concept Generator works through a domain space of rules to generate the concepts which are the results of a 
semantic numerical synthesis of the weather element matrices content. The main task of this module is thus to 
extract from the raw data the ideas or constructs that are hidden behind the digital weather element forecasts, or 
the numbers in the matrices. The concepts follow standards of codification based on the normalized Backus-Naur 
notation form. The concepts provide a simpler way to display the content of the weather element matrices rather 
than displaying the raw numbers. 

The concepts are displayed on the graphical interface to be modified if needed. The concepts are represented by a 
series of bar graphs andlor icones. They can be modified through simple actions on the mouse or through simple 
quickly accessed menus. The interface has to be as user-friendly as possible so that the operational forecasters can 
perform this editing task efficiently. The interface is bilingual and file driven so that it can be adapted to the local 
needs. The inputs and outputs (concepts) of the interface are all in the same format. 

The modified concepts are then quality checked, before being fed to the text generator. If inconsistencies are found, 
the system reverts back to the interface for corrections. 

The prototype version of the interface has been designed and developed by the Quebec Weather Centre. The 
consistency check module has been developed by the Maritimes Weather Centre. Both Weather Centres looked at 
the grammar used in the text generator. 

A complete description of SCRIBE will be presented and a demonstration of the system will also be given. 

ETUDE DES CHANGEMENTS CLIMATIQUES A PARTIR DES CAROTIES DE GLACE: L'EXEMPLE DE 
LA CALOTIE GLACIAIRE AGASSIZ, ILE D'ELLESMERE 

Jocelyne C. Bourgeois 
Commission g60logique du Canada, 601 rue Booth, Ottawa, Ontario, KIA OE8 

Des carottages glaciologiquea effectu6s aux calottes glaciaires Devon (no de Devon) et Agassiz (iIe d'Ellesmere) 
ont livre un long registre de donn6es environnementales couvrant approximativement les dernieres 100 000 ann6es. 
La glace form6e durant I'Holocene represente cependant plus de 90% de 1'6paisseur totale de ces calottes 
glaciaires. 

A Agassiz, les valeurs isotopiques moins negatives et des concentrations poUiniques relativement elev6es obtenus 
a la base de deux des carottes suggerent que la glace la plus ancienne .'est form6e au dernier interglaciaire. Ceci 
implique que la glace de la glaciation precedente a disparu du site durant ce m!me interglaciaire (stage oc6anique 
5e?) et que la formation de la calotte actuelle s'est faite alors que Ie climat etait encore relativement chaud. Le 
passage de la p6riode interglaciaire i glaciaire est marqu6 par une baisse des valeurs isotopiques ot des 
concentrations polliniques mais l'Age de cette transition est indetermin6 et il est pr6sentement difficile de faire les 
correlations entre les carottes. 

La transition de la p6riode glaciaire a l'Holocene est bien d6fiuie dans la stratigraphie isotopique des carottes de 
glace. Les valeurs sont Ie plus 61ev6 au d6but de I'Holoct!ne et elles diminuent progressivement vers Ie present. 
ees valeurs representent une diminution de temperature d'approximativement 2,5°depuis 9 500 BP jusqu'au 
present. Les pourcentages des couches de fonte (calcules par tranche de 50 ans) dans les carottes ont aussi 6n! 
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comles avec les temp6ralure8 d'et6 depuis les demiers 10000 aDS. Au d6but de I'Holorene Ie poun:entage de 
fonte s'elevait peut~re jusqu" 100% alors qu'il est presentement de 3 %. Le plus faible pourcentage est 
enregistnl • environ 150 IIDII6es BP et Ie demier cent aDS semble &tre Ie plus cbaud depuis mille aDS. L'analyse 
pollinique de cette glace hol~ est en cours et devrait reveler la reponse de la vegetation i ces variations 
climatiques. 

CIRCULATION OF TIlE JACQUES-CARTIER STRAIT INFERRED USING DATA ASSIMILATION. 

Marie-Claude Bourque 
Dalhousie University, Halifax, N.S. B3H 411 

Jacques-Cartier Strait is one of the least studied areas of the Gulf of St-Lawrence. Satellite imagery of the region 
reveals a band of cold water along the coast and instabilities in the western part of the strait. A suggested 
explanation for the presence of the cold coastal water is upwelling induced by nortb-easterly winds. Measurements 
of temperature and currents were collected as part of the COHJAC (Circulation, Oceanography and Hydrography 
of the Jacques-Cartier Strait) project conducted in 1986-1988 by Fisheries and Oceans. 

In order to determine the circulation of the Strait, we bave used the method of data assimilation. By minimizing 
deviations between data and the predictions of a dynamical model, this technique finds optimal 
values for "control variables" (e.g., upwelling rate). We will discuss results of this analysis and outline future 
work. 

DYNAMIC TOPOGRAPHY AND SURFACE FRONTS NEAR BARBADOS, W.I. 

M.J. Bowman, S.J. Fauria, K.L. Stansfield 
Marine Sciences Research Center, State University of New York, Stony Brook NY 11794 

Dynamic topographies of the seas near Barbados, W.I. (13° 10' N, 59° 30' W) were calculated from dense arrays 
of CTD data (0-500 dbar) gathered during two cruises around the island in April-May 1990 and 1991. Although 
there were significant differences in places, geostrophic surface currents were in general agreement with integrated 
ADCP (RDI 150 khz) current measurements made in the same area. The geostrophic "streamlines showed much 
meandering and eddying near the island, in contrast to historical depictions of the flow. A sudden shift to a strong 
southeastward flow south of Barbados during the 1990 survey suggests the approach of a large anticyclonic eddy, 
possibility originating in the retroflexion zone of the Brazil Current (- 3-7 oN). 

A major surface salinity front with a cross-frontal contrast of 2.0 psu, and a thickness -15 m swept past the island 
during the 1991 cruise from the nortbeast to the southwest, overflowing the ambient waters of upper mixed layer 
depth 100-120 m. It is thought that the low salinity plume had its origin in the Amazon River outflow, some 2 000 
km to the southeast. Comparisons are presented between near-surface ADCP current measurements across the front 
and Ileostrophic shear calculated from the density field. 

A NONLINEAR MODEL OF STATIONARY PLANETARY WAVES IN TIlE WINTER STRATOSPHERE 

T.C. Box and 1. Derome 
Department of Atmospheric and Oceanic Sciences, McGill University, 80S Sherbrooke St. West, Montreal, Que., 
H3A2K6. 

A nonlinear steady-state primitive equations model is used to study the structure of stationary planetary waves in 
the Nortbern Hemisphere stratosphere. The zonal mean circulation is specified using observed January mean data, 
as is the wave structure at the lower boundary of 100 hPa. Numerical solutions are then found for the structures 
of zonal wavenumbers 1 to 3 throughout the Nortbern Hemisphere stratosphere. The inclusion of wave-wave 
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interactions, principally between zonal wavenumbers I and 2, is found to result in a significantly better simulation 
of the observed stratospheric wave structure than that given by an otherwise identical linear model. 

Experiments bave been performed using data from four years, 1982-84 and 1986. The importance of the wave-wave 
interactions is found to vary considerably from year to year. 

Forcing of the stationary planetary waves by transient eddy momentum and heat fluxes in the stratosphere will also 
be discussed. 

TIME-DEPENDENT CONVECTIVE INSTABILITY 

David Brickman 
Dept. of Oceanography, Dalhousie University, Halifax, N.S., B3H 4Jl 

The linear stability of a rotating fluid heated from below (or cooled from above) is investigated numerically. The 
tiIDe-ilependent mean field is the analytic solution to the diffusion equation with constant heat flux boundary 
condition. The velocity and density fields (expressed as modal expansions in x,y,z) are linearized about this 
time-depeodent mean field. The stability of the system is investigated by introducing a perturbation in the vertical 
velocity field and monitoring its evolution. When growth occurs, the integration is stopped and the Rayleigh and 
Taylor numbers of the convectively unstable boundary layer are calculated. For a given heat flux and rotation rate 
this procedure i. repeated until the horizontal wave number of the fastest growing mode is determined. 

It is proposed that this analysis can be used to understand some of the scales that are found in oceanic and 
atmospheric convection. A laboratory experiment is described that corroborates some of the numerical results. 

NEAR-EQUATORIAL EDDIES OFF SOUTH AMERICA 

J.G. Bruce 
Naval Oceanographic Office, Stennis Space Center, MS 39522-5001 

The near-equatorial eddies off the northeast (NE) coast of south America are associated with the convergence­
divergence and mixing of several water types. Considerable variability, particularly seasonal, occurs here. In the 
surface layer, the North Brasilian Current (NBC) flows northwest along the coast from the southern hemisphere; 
it is observed to tum in part offshore, combine with the southern brancb of the North Equatorial Current (NEC), 
and then loop south and eastward into the North EquatOrial Counter Current (NECC). 

The near-syooptic airborne expendable bathythermograph (AXBT) surveys by the Naval Oceanographic Office 
(NAVOCEANO) in this region can be used to estimate the eddy-like circulation patterns (anticyclonic) during the 
seasonal extremes (March and September), both in the upper mixed layer (retroflection) and the layer in the lower 
thermocline, where a degree of recirculation occurs in the northern (3 ON - 10 oN) and southern (2 ON - 5 oN) 
eddies off the coast. Other earlier surveys in this region, although not necessarily designed to study the eddy field, 
allow estimates of volume transport associated with the eddies to be calculated. For example, during February 
through March the northern eddy transport (0-400 dbar, reI. 800 dbar) is 10 to 14 X 1OOm3sco·', whereas during 
late summer and autumn it is 25 to 30 X 10' m3 sec·', with a considerable portion of the flow supplying the NECC. 

At various levels, both salinity and dissolved oxygen assist in tracing circulation patterns of this region. The 
relatively fresh and plankton-rich Amazon outflow advected offshore in the surface water of the northern eddy is 
clearly shown in a map of surface salinity or Coastal Zone Color Scanner (CZCS) imagery. The subtropical 
underwater salinity maximum depicts the NEC convergence with the northern eddy. Both 0, miuimum and 
maximum sources are useful in tracing the southern eddy wbere it turns offshore (below the mixed layer) near 5 ON. 
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DATA INTEGRATION AT THE 5 KM GRID SCALE (INTEGRATION DE DONNEES A L'ECHELLE DE 
5KM) 

Normand Bussi~res 
Division de l' int6gration des donn6es, Centre climalologique canadien, Downsview, Ontario M3H 5T4 

Considerable skills are required in combining various types of meteorologics1 satellite radiance II1eSSIU1Oments with 
site specific data on a cartesian grid. Canadian Climate Centre's GLIGRID system approach 10 generate 5 km by 
5 km arrays i. discussed. Results of experiments with algorithms to produce maps of rainfall, air temperature, near 
ground temperature, heat flux, crop stress index, albedo, net radiation, evapotranspiration are presented. A method 
10 monilor lake fIeeze-up and break-up is also discussed. 

II faut tenir compte de bien des facteurs pour la combinaison, sur une grille cart6sienne, des mesures des radiances 
satellitaires avec les donn6es des sites d'observation m6t60rologiques. On discute ici I'approche 5 km par 5 km 
du systeme GLIGRID du Centre Climatique Canadieo. On pr6seote les r6su1tats d'exp6riences avec des 
algorithmes pour produire des cartes des chutes de pluies, des temp6ratures de I' air et celles pr~ de la surface, 
du flux de chaleur S¢Cifique, d'un index du stress des r6coltes, de I'albedo, du rayonnement net et de 
1'6vapotranspiration. On discute aussi d'une m6thode pour surveiller l'embAcle et la d&Acle des glaces. 

WARM-CORE RINGS AND CROSS-SHELF EXCHANGE 

M. L. Cahill, K. Drinkwater" 
Oceanography Department, Dalhousie University, Halifax, NS Canada B3H 411, 902-494-1325 
*Bedford Institute of Oceanography, Dartmouth, NS, Canada B2Y 4A2, 902-426-2650 

Satellite images suggest that a large volume of cold water was drawn from the Scotian shelf in Spring 1991, 
apparently by Gulf Stream warm-core rings. An interdiscip1inary field program on the Scotian Shelf in late April 
permitted opportunistic sampling of this feature. The hydrographic observations show that the festure was at least 
30 m deep and consisted of cold, fresh water that probably originated from the eastern part of the Scotian Shelf. 
The surface area of the entrained shelf water was in the order of 10% of the Sl!rface area of the Scotian Shelf, so 
it would appear that warm-core rings have a profound effect on both the biology and hydrography of the Scotian 
Shelf. We are currently using Haidvollel's semi-spectral primitive equation model (SPEM) to investigate the 
dynamics of the cross- shelf exchange due to an anti~yclonic ring impinging on an idealised shelf and slope. Initial 
model runs for a shelf without a shelf/slope front result in very little exchange. The Scotian Shelf, however, has 
a persistent shelf/slope front and we shall present the results of model runs which include this front. 

LARGE EDDY SIMULATIONS OF THE ATMOSPHERIC BOUNDARY LAYER 

X. Cai and D.G. Steyn 
Institute of Applied Mathematics, Atmospheric Science Program, Department of Geography, University of British 
Columbia, Vancouver, B.C., Canada 

Since the Monin-Obukbov similarity theory was proposed in the 1950., numerous experimental worlcs, appearing 
in the 1970. and 19808, have been performed 10 verify this theory. Among them Businger et aI. form of +. and 
.. is the most popular, but nevertheless evoked some controversies. Due 10 difficulties and high costs of the 
measurements, and variable conditions in the atmosphere, such field experiments are not conducted easily. Large 
eddy simulation (LES), however, leads 10 an alternative for verifying the Monin-Obukhov similarity theory. This 
worlc, much of which was done on an IBM worlcstation, explores the extent 10 which the atmospheric boundary layer 
can be modelled using a ~mensiona1 LES and the possible derivation (on non-empirics1 grounds) of a 
Monin-Obukhov similarity formula. An ideal geometry, flat but rough surface, horizontal lower boundary is 
treated, and horizontal homogeneity of all dependent mean variables is assumed except the mean pressure, which 
is a driving force of the whole turbulent boundary layer due 10 the lIeostrophic flow aloft. Another drivin& 
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mechanism is the sensible best flux through the surface in the entire domain. Smagorinsky's sub-grid scale (SGS) 
model is adopted. The computed flow fields give explicit descriptions of those turbulent eddies resolved by the 
numerical mesb, and therefore give the statistical properties of the atmospheric boundary layer. Averages of 
velocity fields over the whole horizontal plane and time domain yield a velocity profile in the atmospheric surface 
layer, from which the value of 

la;i1u z 
S=-=~ (-) 

u.i1z • L 

can be derived, where It is the von Karman constant, Z the height from the surface, ~ the friction velocity and 

L the Monin-Obukhov length. By taking averages of second moments of resolved velocity fields we obtain profiles 
of resolved velocity variances, resolved shear stresses and resolved sensible heat flux in the atmospheric boundsry 
layer. If the neutral case is simulated, an Ekman spiral and correspondent shear stress profile are clearly shown 
in the whole boundary layer, and a logarithmic velocity profile is found in the surface layer. For the slight unstable 
cases, our simulations show a linear profile of the sensible heat flux in the boundary layer and yield some values 

of ~. for ,= z I L from -1.5 to -0.2. These values of ~. are generally smaller than those obtained from 

observations but they have the same trends. Because of computational limitation, relatively ama11 grid numbers were 
used, in this case, 16 x 16 x 52 and 24 x 24 x 52. It is expected thst with a finer mesb values of <II. closer to the 
measurement values would be derived from LES. 

MODEllSATION NUMERIQUE TRI-DIMENSIONNELLE DE LA CIRCULATION DE L'ESTUAIRE DU 
SAINT-LAURENT: RESULTATS PREUMINAIRES 

I. Chasse', M.L EI-Sabh', T.S. Murty' et I. Stronach' 
'Centre Oceanographique de Rimouski, D6partement d'Occ!anographie, Universit6 du Qu6bec i Rimouski, 310, 
all6e des Ursulines, Rimouski (Qu6bec) G5L 3Al 
'Institute of Ocean Sciences, Fisheries and Oceans Canada, Sidoey (British Columbia) V8L 4B2 
'Pacific Ocean Sciences Ltd., Burnaby (British Columbia) V5G 4Ml 

Un modele tri-dimensionnel, semi-implicite et aux differences finies, est utilise pour la modelisation de la mar6e 
et des courants dons l'estuaire du Saint-Laurent. La grille du modele s'6tend du milieu de l'Ile d'Orieans jusqu's 
40 \em en aval de Pointe-des-Monts, avec une maille de 2 \em par 2 \em. L'elevation de la surface est obtenue par 
it6rations successives dons lesquelles la contribution des 616ments hors-grille, relativement au point de solution, 
est augment6e. La formulation semi-implicite permet un pas de temps de l'ordre de dix minutes. Le frottement 
sur Ie fond est de type Chezy. La viscosit6 turbulente verticale depend du cisaillement des vitesses et du nombre 
de Richardson dons les cas harocliniques. Les mar6es modelis6es sont en excellent accord avec les observations. 
Un champ de particules est suivi dons son d6placement. 

FISHERIES OCEANOGRAPHY IN RELATION TO MESOSCALE METEOROLOGY 

David M. Checldey, Ir. 
Marine Life Research Group, Scripps Institution of Oceanography, La Jolla, California 92093-0218, U.S.A. 

Fish recruitment, distribution, and evolution are each affected by mesoscale motions of the atmosphere, especially 
extratropical cyclones. Here, I discuss such effects by first considering the case of a pelagic-spawning fish and its 
relation to mid-latitude cyclones and a western boundary current. I then consider the cumulative effects of cyclones 
and their interannual variation due to long-term weather patterns. 
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The Atlantic menhaden, Brevoonia tyrannus, was studied during the Genesis of Atlantic Lows Experiment, GALE. 
A cycle ofNE (pre-cyclone), SW (cyclone), and NW (cold air outbreak) winds occurs on average every 2-14 days 
in winter off the mid-Atlantic coast of the us. This cycle causes upwelling at the NW waIl of the Gulf stresm and 
shoreward movement of surface water, due to the combined effects of wind stress and hest flux. Menhaden appear 
to spawn in this shoreward, eutrophic surface flow, thereby maximizing larva growth, survival, and transport 
towards estuarine nurseries. While cyclone passage has a short-term deleterious effect on menhaden larva growth 
and condition, the long-term effects of this westher cycle can be beneficial, and it is the balance of these effects 
which appears critical to recruitment and evolution. Our results with Atlantic menhaden are consistent with an 
emerging paradigm which states that fish benefit from meaoscale disturbances of a certain frequency and type. 
Additional examples are cited, including the northern anchovy (Engraulis mordax) in an upwelling region and cod 
(Gadus morhua) in the NW Atlantic. 

Interannual variation of the frequency, intensity, and trajectory of extratropical cyclones may have important, 
cumulative effects on fish and the associated food web. For example, if during strong El Nino yesrs east coast 
cyclogenesis and hest flux are reduced, recruitment of fish such as the Atlantic menhaden may be lessened. Similar 
interannual effects are plausible for other fish. 

Significant improvement to our understanding of the relation of fisberies oceanography to mesoscale meteorology 
has certain requisites. First, the design of observations, experiments, and models must fully include air and ses 
components. Second, biological, chemical, and physical measurements must be commensurate in time and space 
scales. 

INVESTIGATING THE RELATIONSHIPS BETWEEN MESOSCALE METEOROLOGY AND CHEMICAL 
OCEANOGRAPHY: PROBLEMS, PROMISE AND A SUGGESTED PLAN OF ArrACK 

Louis A. Codispoti 
Monterey Bay Aquarium Resesrch Institute, 160 Central Ave Pacific Grove, CA 93950 

It i. essy to mske the case from existing data, that meaoscale processes have an important effect on marine 
geochemical cycles. For example, the nitrous oxide flux from the ocean to the atmosphere may be strongly 
influenced by mesoscale processes, and coastal upwelling ecosystems are strongly influenced by the mesoscale 
nutrient field. ' 

In some cases, sufficient data exist to derive correlations between mesoscale chemical distributions and 
meteorological forcing, but existing data mske it difficult to go much further. This is because the observational base 
does not adequately describe chemical fields over mesoscale time and space scales. Examples of some of the typical 
problems are provided by studies of Monterey Bay. 

Our ability to collect chemical data is improving and devices under development such as self-tending mapping 
systems, pumping systems and in situ analysis systems will help to alleviate the sampling problem in the near future. 
Progress is lagging, however, in at least two areas 1) developing quasi-real-time data assimilating systems and 2) 
breaking down institutional barriers to the truly interdisciplinary suite of activities that are needed to mske progress. 

The biological and chemical effects of poleward waves in the atmospheric marine boundary layer found above 
eastern boundary upwelling regions represeots a research area that is at the point where it might be profitably 
attacked in a truly interdisciplinary way. The reversals of upwelling winds associated with these waves should have 
significant biological and chemical effeclS. In addition, adding bioloeical and chemical observations to the physical 
observations may help to resolve the orientation and streneth of the cross iaobath circulation, a problem that physical 
oceanographers have found to be particularly vexing. 
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THE CLIMATE AND ITS IMPACTS 

S.J. Cohen 
Canadian Climate Centre, Downsview, Ontario, M3H ST4 

The Intereovemmental Panel 00 Climate Change (IPCC) recently concluded that increasing concentrations of caroon 
dioxide and other trace gases would result in an increase in global average temperature. Moderate warming 
scenarios would exceed all known temperatures in the historic record, during which modem systems of resource 
development and management have been designed and implemented. Arid and semi-arid regions, natural terrestrial 
ecosystems and coastal zones are particularly vulnerable. What would the impacts of these scenarios be for specific 
regions? How do we use information from impacts models and analyses of historical events in assessing possible 
future impacts of climatic variability and change? 

Regional impact assessments could provide valuable linkage between regional concerns and global warming science, 
enable the establishment of assessment frameworks which could integrate information from many sources, and 
facilitate the development of new partnerships between disciplines, jurisdictions and nations. However, the research 
challenge is considerable. A survey of case studies by the IPCC coocluded that our knowledge base is limited and 
further research is needed on a wide range of issues. As part of the Government of Canada's Green Plan, the 
Global Warming Science Program includes studies of regional impacts of global warming scenarios in the Mackenzie 
Basin, Prairies and the Great Lakes - st. Lawrence Basin. 

INTERPRETING NOAA-9 SEA-SURFACE TEMPERATURE RETRIEVALS WITH IN SITU AND 
METEOROLOGICAL DATA 

A.R. Condall , D. Lefaivre2, 1. Martel' 
'D~partement des sciences ~siques et de tt!16d6tection, Universitt! Laval, Qu6bec, Canada 
'Institut Maurice-Lamontagne, minislm> des P!ches et des Oc6ans, Mont-Joli, Qu~bec, Canada 
'D~partement des sciences g~siques et "de t~I6d~tection, Universite Laval, Qu6bec, Canada 

Sequences of daily NOAA-9 A VHRR sea-surface temperatures retrievals (SST) are interpreted jointly with in situ 
and meteorological data. The analysis is part of the COHJAC project (Circulation, Oceanography and Hydrography 
of the Jacques-Cartier Strait). The studied area is centered at the Jacques-Cartier Strait, north of Anticosti Island 
in the Gulf of 5t-Lawrence (Latitude: ~ SO·, Longitude: • -64.). The objective of the project is to study the 
dynamics of the circulation and mixing processes in relation to fresh water run-<>ff, local wind stress and laree scale 
meteorological forcing. A large scale CTD (conductivity - temperature - depth) ship sampling program 
(1986-87-88) bas provided accurate (for point samples) time series temperature measurements as a function of depth 
in the water column. Infrared A VHRR data have provided SST maps for the same region. This work focus in one 
of the remote sensing aspect of the COHJAC program: pair ship/satellite observations, with contemporaneous 
defined as location within 2 km and time within 6 bra., the Lowtran atmospheric transmittance/radiance model 
together with radiosonde and wind data have been used to evaluate present A VHRR atmospheric correction 
algorithms and their dependence on atmospheric conditiona. Our work shows that the total amount and vertical 
distribution of water vapor, sea surface wind and atmospheric aerosols are parameters to be considered for an 
accurate determination of SST in a coastal environment such as the Jacques-Cartier strait. For example, for" a 
constant atmospheric water vapor content (1 to 2 g cm-2), an increase in wind speed from 2 to 7 m sec-J gives a 
temperature difference of about 3 deg. C. Furthermore, SST retrievals for this region show that the atmospheric 
correction algorithm is very sensitive to the water-air temperature difference. The work by the COHJAC group 
represents the first step in the analysis and integratioo of the A VHRR data with the oceanographic and 
meteorological information present available for the Gulf region. These results are also useful in the development 
of suitable atmospheric correction algorithms in coasta\ zones for the ATSR in ERS-I. 

70 



NUMERICAL MODELLING OF THE CIRCULATION AND LARVAE DRIFT IN THE ANSE-A-L'ORIGNAL 
BAY. 

S. C6t6' , V. G. Koutitonskf, Y. Gratton' 
'Department of Oceanography, Uoivenite du Qu6bec Ii Rimouslci, 300 AllEe des Ursulines, Rimouski, Qc, GSL-
3Al 
'Institut National de la Recherche Scientifique (lNRS) - Ocbnologie, Rimouski, Qc 
'Institut Maurice Lamontagne, Fisheries and Oceans Canada, Mont-Joli, Qc 

A two dimensional numerical model, which allows for the periodic flooding of tidal flats, was developed for Anse­
i-I'OriKJ1al, a small bay along the SI. Lawrence Estuary. The model was calibrated with water level and current 
observations. Results of model simulations, illustrating the main features of the circulation and the different transport 
mechanisms, are presented. The tidal residual circulation is shown to be the main transport mechanism. Particle drift 
simulations show results in good accord with observed larvae distributions in the bay. 

SPREAD OF OIL FROM THE TENYO MARU, JULy 1991 

William R. Crawford', S. Venkatesh' 
'Department of Fisheries and Oceans, Institute of Ocean Sciences, P.O. Box 6000, Sidney, B.C. V8L 4B2 
'Enviromnent Canada, Atmospheric Enviromnent Service, 4905 Dufferin St., Downsview, Ontario M3H ST4 

We provide background oceanography, and observations and hindcast simulations of spreading oil leaked from the 
wreck of the Tenyo Maru, a fishing vessel that sank off the western entrance to Juan de Fuca Strait in July 1991. 
The vessel sank in the region of the Tully Eddy on the continental shelf. Although this eddy is normally present 
in summer, its location shifts and its "trapping time" varies considerably. The drift of the TeTJyo Maru oil is 
represented reasonably well by assuming the eddy to be 5 km east of its position as observed during drifter studies 
in 1986. Observations in 1985 showed that the preferred exit route of surface water from the eddy is toward the 
southeast, the direction followed by the TeTJyo Maru oil in 1991, however, other drift patha are possible, and under 
different weather conditions the oil have drifted toward the Vancouver Island coast. 

SIMULATION OF REGIONAL CLIMATE OVER EUROPE USING TIlE LIMITED'AREA MODEL OF THE 
GERMAN WEATHER SERVICE 

Alexander Cress., Detlev Majewski, Ralf Podzun and Volker Renner 
Deutscher Wetterdienst, Frankfurter Sir. 135, 0-0050 Offenbach 

Global climate models are widely used to simulate the large scale features of past and present day climate as well 
as possible future climate changes. However, due to their low resolutions they are not able to reproduce adequately 
regional scale forcing like highly structured topography, large water bodies, complex coastlines, which strongly 
influence the regional climate over complex areas like Europe. 

Therefore, the Europa-Modell, a regional weather forecast model developed at the German Weather Service 
(MAJEWSKI, 1991), is employed to simulate the regional distribution of climate variables like temperature or 
precipitation in more detail. The model has 20 vertical layers and a horizontal resolution of ~$ = ~l = 0.5· in 
a transformed latitude-longitude grid. Two different areas are being used in our simulations, covering most of 
Europe and either a s11l411 or a large part of the North Atlantic. 

The aim of the project is the regionaIization of global climate scenarios. In a first step the model is used to simulate 
present day climate driven by either, global ECMWF Tl06 analyses or fields from the HamburJ Slobal model 
ECHAM (Roeckner et al., 1989). The dependence of simulated regional climate upon model domain, resolution of 
the driving fields and model physics will be investigated. 
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So far, some January and July experiments have been conducted. When driven by sequences of global analyses, the 
model reproduces the monthly mean atmospheric fields and their mean time variability rather closely, i.e. it does 
not drift away from the observed atmosphere. As far as near surface weather elements are concerned, their 
distribution compares well with corresponding climatic fields. 

Considering the results from experiments with the ECRAM as the driving model, we find that despite the coarse 
resolution of the global model (T21 or T42), the regional model is able to take advantage of its own detailed 
representation of topography and land-sea distribution and produces realistic mean fields of near surface climate 
elements. 

This study is being supported by the Bundesminister fiir Forschung und Technologie (Grant 01KFT50). 

Majewski, D., 1991: The Europa-Modell of the Deutscher Wetterdienst. 
ECMWF Seminar on "Numerical methods in atmospheric models", Vol. 2, 141-191. 

Roeckner, E. et aI., 1989: The Hamburg version of the ECMWF model (ECHAM). 
AS/JSC WGNE, Report No. 13. WMOrrD-No. 332,1.1-1.4. 

MODELLING OF TWO--LAYER STRATIFIED FLOW UNDER A TWO-DIMENSIONAL OBSTACLE 

Patrick F. Cummins and Dave R. Topham 
institute of Ocean Sciences, Sidney, B.C. V8L 4B2 

Laboratory measurements are presented of the interface displacement generated by the flow of a two-layer fluid 
under a two-dimensional obstacle representing an idealized ice keel. Results are obtained for a family of Witch 
of Agnesi obstacles of fixed height and increasing slenderness ratio over a Froude number range from sub-critical 
to super-critical. A detailed comparison is made of the experimental data with simulations from two numerical 
models. The first model is the SOLA-VOF code of Jameel et. aI. (1992), based on the Marker and Cell finite 
difference technique for the Euler equations. The second model is a new one formulated in terms of vorticity and 
stream function. Good agreement is obtained between the laboratory measurements and the modelled interface 
displacements and obstacle forces. The superior performance of the new model encourages application to the 
continuously stratified fluid case which is more difficult to implement in the laboratory. 

SPECTRAL CHARACTERISTICS OF KALMAN FILTER SYSTEMS FOR ' ATMOSPHERIC DATA 
ASSIMILATION 

Roger Daley', Richard Menard' 
'Atmospheric Environment Service, 4905 Dufferin Street, Downsview, Ontario, M3H 5T4 
'Department of Atmospheric and Oceanic Sciences, McGill Uuiversity, 80S Sherbrooke West, Montreal, Quebec, 
H3A2KS 

In recent years, there has been increasing interest in the application of Kalman filter systems to atmospheric data 
assimilation. One important aspect of any data assimilation system is its filtering properties. This is examined by 
spectral decomposition of a simple one-dimensional Kalman filter system. It was found that with certain 
assumptions, the complete space and time behaviour of the forecast and analysis error covariances could be 
explicitly determined from the model and observation error covariances and the iuitial forecast error covariance. 
The resulting solutions could then be examined by elementary dynamic systems analysis. The multivariate, inviscid, 
dissipative, unstable mode and non-stochastic cases were analyzed. The statiouary solutions and convergence 
properties were found and certain unstable, periodic and quasi-periodic solutions were discussed. 
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NUMERICAL SIMULATION OF A HELICAL VORTEX 

L. Deng and D.K. Lilly 
School of Meteorology, University of Oklahoma, Norman, OK 73019 

A tornado-like vortex generated from I helical inflow without azimuthal mean angular momentum is simulated with 
a three dimensional numerical model in an invert T -shaped cylindrical domain. A uniform cyclonic vortex core is 
obtained, although the inflow is nonaxisymmetric. This study emphasizes the generation of surface vertical vorticity 
from the sbear flow. The tilting mechanism is checked by imposing a helical inflow with a vertically varyinll 
angular momentum into a two dimensional mode!. It is found that the tilting doea not control the surface vortex 
formation since the produced vortex is of the wrong sign. Budget analysis of the mean angular momentum from 
a three dimensional numerical model shows thst after I transition period positive mean angular momentum is 
produced in the lower part of the acceleration region while negative angular momentum is produced in the upper 
part. A cyclonic vortex is formed by transporting the lower positive angular momentum inward and upward in the 
mean streamwise direction. 

Simulation results agree well with the experiments and analysis (Rothfusz, 1986, Rothfusz and Lilly, 1989). The 
comparison study with two model parameters, vertical shear angle and the Reynolds number, is carried and 
discussed. And how the vorticity gets to the ground with a freeslip boundary condition is also explained. 

V ARIABILrrE INTERANNUELLE ET INTRASAISONNIERE DE LA COUVERTURE DE GLACE DANS LE 
GOLFE DU SAINT-LAURENT, 1963-1990 

Francis D6ry', R. Grant Ingram' et G .L . Bugdenl , 
'Departement des Sciences Atmosph6riques and Oc6aniques, Universit6 McGill, 805 rue Sherbrooke Ouest, 
Montr6aI, Qu6bec H3A 2K6 
lInstitut d'Oc6anographie de Bedford, Dartmouth, N.-E. , B2Y 4A2 

Les meilleurs estim6a bebdomadaires de Ia couverture de glace provenant des cartes d' observations de glaces ont 
616 report6s sur une grille de 83 points recouvrant Ie Golfe du Saint-Laurent pour I'ensemble de la p6riode 
1963-1990. Nous avons examin6 leur variabilit6s intrasaisonni~re et interannuelle dans I'ensemble du golfe et sur 
Ie d6tail de six sous-divisions distinctes. Les relations avec Ie debit des riviere., les prOfiles de temp6rature et de 
saJinit6 et Ie fo .... ge atmosph6rique au-deli de I'echelle synoptique sont analyses pour 6tsblir les causes de la 
variabilit6. La principale d6c0uverte est la tendance i I' accroissement de la couverture glacielle en depit du 
r6chauffement des eaux de la couche profonde du golfe durant la p6riode 6tudi6e. Ceci est attribue i la variabilite 
d'ecbelle d6ceonialle reli6e au fo"age fluvial et lUX eveoements oc6aniques de I' Atlantique Nord sUbarctique. 
Le cycle principale se situe autour de 13 a IS ans pour I'ensemble de la region et do mine particuli~rement dans 
les parties profondes du golfe. D'autres oscillations autour de 5.5 i 6 ans, de 3.6 a 4 ans et de 2.5 ans sont 
importantes dans l'embouchure fluviale et dans Ia partie sud'<luest du golfe. 

A NEW APPROACH AT CLOUD DETECTION USING THE MULTI-ANGLE IMAGING SPECTRORADIOME­
TER (MISR) 

L. Di Girolamo and R. Davies 
Department of Meteorology, McGill University, Montreal, Canada, H3A 2K6 
Te!.: (514) 398-3651; Fax: (514) 398.0115 

The Multi-angle Imaging SpectroRadiometer (MISR), scheduled on the first platform of the Earth Observing System, 
has a unique capability of combining a variety of cloud detection techniques, including visible/near-infrared 
thresholding and discrimination, stereo, and angular signatures, which are combined to detect and classify all cloud 
types. Focus has been placed on improvinll thin cirrus cloud detection because of the ongoing difficulties in 
detecting theae clouds using conventional satellite cloud algorithma as well as their important role in the Earth's 
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climate system as stressed in recent literature. 

Radiative transfer simulations. using LOWfRAN 7 coupled with an ocean surface model, have been made showing 
that current schemes for the global detection of thin cirrus can be greatly improVed upon by utilizing the band­
differenced angular signature of the target area. This new scheme takes the difference between two solar spectral 
bands as a function of view angle. The resulting angular signature. based on the different Rayleigh scattering 
contributions from the clear sky component. is used to discriminate between low-level and high-level clouds, as well 
as surface reflectance anomalies. Cirrus clouds of visible optical thickness greater than 0.5 can be detected without 
any assumptions or a priori knowledce of atmospberic conditions. Such knowledge with further modelling can 
reduce the minimum detectable cloud optical thickness by about an order of magnitude. 

AN OPERATIONAL EVALUATION OF REMOTE ENVIRONMENTAL AUTOMATIC DATA ACQUISmON 
CONCEPT (READAC) AUTOMATIC STATIONS TO DETECT MESOSCALE WEATHER EVENTS THAT 
ARE IMPORTANT TO AVIATION INTERESTS. 

Doug Dixon 
Canadian Forces Forecast Centre, Edmonton, Alberta 

Two READAC stations were placed in an operational setting, at existing weather observing sites in central Ontario, 
in the summer of 1990. The stations were equipped with their full suite of observing sensors. except for the icing 
occurrence sensor. in October 1990. The observations from the READAC stations were evaluated for a combined 
total of 15 months. 

The observations provided by the READAC systems were compared with the manually prepared reports from the 
same sites for completeness, as well as quantitatively for values reported by the various sensor systems. 

The ability of users to infer weather phenomena, such as fog, not reported by the READAC systems, the losses and 
gains resulting from automation of weather observing, and the importance of REMARKS in the manually produced 
observations describing the weather situation were also evaluated. Finally the impact of using the weather 
information from these AUTO systems to evaluate and forecast the weather during the test period are discussed. 

THE ERS-l CALIBRATION-VALIDATION EXPERIMENT: AN OVERVIEW 

Fred Dobson', Madhav Khandelcai', Paris Vachon' 
'Bedford Institute of Oceanography, Dartmouth, N.S .• B2Y 4A2 
'Atmospheric Environment Service, Downsview, Ontario, M3H 5T4 
'Canada Centre for Remote Sensing, Ottawa, Ontario, KIA OY7 

The ERS-l Calibration-Validation Experiment was carried out on the Grand BanIca of Newfoundland (Virgin Rocks 
area) from November 10-27, 1991. It was organized primarily to provide in situ. aircraft and numerical forecast 
model validation of the Synthetic Aperture Radar (SAR) on the "ERS-l" satellite launched by the European Space 
Agency in July 1991. Other goals included the open-ocean determination of the relation between the wind stress 
and the sea state, validation of the algorithms used to invert SAR images and assimilate them in numerical wave 
models, testing of the wave-imaging capabilities of shipboard marine radars. intercalibration of the meteorological 
sensors on buoys and ships, and the relation of SAR image features to near-surface currents in the ocean. 

To achieve these goals a sharply focussed cooperative experiment was organized and carried out. The ERS-I 
"Commisioning phase" orbit produced a "crossover node" on the Grand BanIca of SAR swaths from descending and 
ascending passes within 11 houn; of each other every 3 days. An array of two ships: CSS "Hudson" and the Soviet 
RV "Georgi Ushakov", four meteorological buoys and three wave buoys, all deployed at grid points of the AES 
"CSOWM" operational wave forecast model, were overflown at ERS-l overpass times by two aircraft: the CCRS 
CV -580 with C-band SAR and the NASA P-3 with Radar Ocean Wave Spectrometer or Surface Contour Radar and 
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Radar Altimeter. The crossover node lay within the swath of a high-frequency radar at Cape Race, which provided 
winds and waves at overpass times on a 1-km grid. On Hudson were a bow-mounted wind stress measurement 
system, two x-band marine radars, and an acoustic Doppler current profiler (ADCP). On the Ushakov, at the site 
from November 19-21, were a radiosonde system and standsrd meteorological sensors. 

During the experiment an extensive data set was collected over a moderate range of winds and sea states. The CV-
580 underflew ERS-1 seven times, and the P-3 four times. The wind stress package gathered data in conjunction 
with both the meteorological buoys and with the meteorological sensors of the two ships. Two meteorological buoys 
deployed by AES gave complete time series of winds, pressures, air and sea temperatures and waves. The two 
meteorological buoys and three wave buoys (two directional, one wave height only) deployed by Hudson gave partial 
time series. The ADCP on Hudson was used during non-daylight hours to make transects of the ocean current 
profiles in the crossover area. 

This session will begin to address the questions implied in the stated goals of the experiment. It will provide a 
forum for the thoughts of the participants at a time when the initial screening has been carried out on the data sets 
but before final conclusions have been reached. 

DOPPLER INTERPRETATION QF A CONTINENTAL WINTER STORM 

Norman R. Donaldson 
King Radar, Atmospheric Environment Service 

On January 14, 1992, a 974 mb low produced a succession of rain, freezing rain, snow, thunder and blizzard 
conditions in Southern Ontario. The low centre and fronts passed within the coverage of the King Doppler radar, 
and provided a unique opportunity to study the mesoscale flow patterns in a strong continental winter storm. 
Doppler data show the complicated flow in the area immediately north of the low pressure centre. 

ASSIMILATION OF ACOUSTIC DOPPLER CURRENT PROFILER (ADCP) DATA INTO A TIDAL MODEL 
USING THE ADJOINT METHOD. • 

Dowd, M.G. and K.R. Thompson. 
Dept. of Oceanography, Dalhousie Univeraity, Halifax, N.S., B3H 4J1. 

The adjoint method for data assimilation is used to combine ADCP data with a tidal model of the Western Bank 
region of the Scotian Shelf. Our purpose is twofold: i) to show that data from a moving observational platform (a 
ship-borne ADCP) can be readily assimilated into a numerical tidal model and, ii) to demonstrate how the adjoint 
method can be used to estimate the amplitude and phase of the various tidal constituents at the open boundaries from 
the data. In this manner the relevant tidal information is extracted from the ADCP data and optimal estimates for 
the velocity and sea-level over the entire model domain are obtained. 

CARBON MONOXIDE AND METHANE MEASUREMENTS FROM SPACE 

J.R. Drummond 
Department of Physics, Univeraity of Toronto, 60 St. George St., Toronto, Ontario, M5S 1A7 

It now appears to be possible to measure tropospheric constituents from space. However the exact nature of the 
measurements and their limitations is still the subject of active research. This subject is extremely important from 
the perapective of the Earth Observing System satellites which are intended to carry instruments to sound the 
troposphere. 

The Measurements Of Pollution In The Troposphere (MOPITT) instrument team have been examining the potential 
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for carbon monoxide and methane measurements from space using correlation spectroscopy techniques. This paper 
will discuss the potential for such measurements to an accuracy of 10 % for carbon monoxide and 1 % for methane. 
The problems of interpretation and calibration will also be addressed. 

GEOSTROPHIC SCATIER PLOTS AND THE APPUCATlON OF QUASI-GEOSTROPHIC FREE MODE 
THEORY TO A NORTHEAST PACIFIC BLOCKING EVENT 

Nils R. Ek and Gordon E. Swaters 
Departments of Meteorology and Mathematics, University of Alberta, Edmonton, Alberta, Canada T6G 2El 

A time series of scatter diagrams of geostrophic stream-function, 'P, versus quasi-geostrophic potential vorticity, 
q, is derived on isobaric surfaces in the mid-troposphere during an episode of Northeast Pacific blocking in January 
and February 1989. The use of the diagrams as a diagnostic tool together with conventional isobaric charts has been 
previously employed by Butchart et aI. (1989) for a Northeast Atlantic block. This is the first known application 
of this technique to a Northeast Pacific block. 

Visual inspection of the diagrams suggests that blocking can be modelled by localized free mode solutions of the 
governing equations, characterized by potential vorticity and stream-function of the form q = q('l'). We are able 
to quantitatively detect free mode tendencies of this block using an equation due to Read et aI. (1986) that relates 
the area of scatter plots to the departure of a statiouary system from any free-mode of the quasi-geostrophic 
equations. The q('l') plot area is equivalent to the net geostrophic flux of vorticity across the boundary of the 
blocking region. We have computed both these quantities, and our results are in very good agreement with the 
theory. 

We suggest that th~ block approaches two different free modes during its lifetime. The first and longest stage is 
the familiar Omega-block, which persists during the first two weeks of February 1989. During the second stage, 
between February 18 and 22, the SOO mb stream-function displays a dipolar form, and the scatter plots are quite 
similar to q('P) plots for a geostationary, eqnivalent harotropic modon in a westerly flow. We examine the 
applicability of the modon free mode in modelling the block by using the slopes of least-squares-fit q('l') lines to 
formally compute a modon radius. This is found to correspond closely to the actual block dimensions, for the 
period in which the block has a dipolar structure. An application of Arnold's theorem suggests that a sufficient 
condition for Liapunov stability is more likely to be satisfied by the Omega-block, than by the dipole form of the 
block. This may help to explain why the Omega-block lasts longer than the dipole block. 

The initial formation of the block coincides with the emergence of an intense synoptic-scale cyclonic disturbance 
over North America. This feature is clearly associated with a steepening of the scatter plots. The latter effect was 
also observed by Malanotte-Rizzoli and Hancock (1987) before the onset of blocking over the North Atlantic, and 
is consistent with the finding of Hansen and Chen (1982) that blocking appears to be preceded by intense 
synoptic-scale activity, in which non-linear forcing of the planetary-scale flow, by synoptic-scale systems, leads to 
rapid block formation. We suggest that the time series of q(Y) plot area, together with the scatter plots, may be 
useful in identifying such synoptic-scale disturbances in advance. 

Within the quasi-geostrophic framework, we model the block as a superposition of a stationary blocking eddy, and 
a zonal flow having no meridional shear. A separation of variables leads to the equivalent barotropic modon 
solution, and a vertical structure equation. The latter is solved asymptotically, through the use of a power law for 
the tropospheric static stability, yielding a set of vertical normal modes. We use the first four modes to examine 
the evolution of the baroclinicity of the block. We find that the blocking eddy component of the s!ream-function 
is dominated by the gravest mode. The dipole form of the block appears to have the same degree of barotropicity 
as the Omega-block. A small but abrupt increase in baroclinicity immediately prior to the formation of the dipole 
could be evidence of the so-called eddy-straining mechanism (Shutts 1986), whereby synoptic-scale eddies can 
maintain a dipole block. 
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FINE RAINGAUGE NETWORK COMPARISON WITH RADAR RAINFALL 

F.J. Eley 
Hydrometeorological Processes Division Atmospheric Environmemt Service Saskatoon, Saskatchewan, S7N 3H5 

Processing the centrsI Saskatchewan radar at Elbow for precipitation climatology raised questions of its real 
capsbility to describe convective rainfall patterns, in terms of both quantitative precision and spatial representation. 
A network 73 conventional raingauges complemented by an overlapping network of 23 recording rain gauges was 
operated near Saskatoon during the convective rainfall season of 1991. The ground network, radar system and data 
processing will be described. Analysis ~lts to date will be presented. Results will relate the capabilities of this 
radar system to the requirements of precipitation climate analysis. 

LARGE-SCALE HYDRODYNAMIC STUDIES OF DAIE-DES-CHALEURS IN SUPPORT OF SCALLOP 
RESEARCH 

Mohamnwl 1. El-Sabh' and Grant Ingram' 
'D6partement d'Oc6anographie, Universit6 du Qu6bec 11 Rimouski, Rimouski (Quebec) G5L 3Al 
'Depsrtment of Atmospheric and Oceanic Sciences, McGill University, Montreal (Quebec) H3A 2K6 

Daie-des-Chaleurs (BOC) is notable for its outstanding physical dimensions and freshwater volume input. Its length 
(120 km) and depth (40-120 m) make it an interesting case among other embayments, but particularly important is 
that its width L (30 to SO km) is several times the internal Rossby radius. Mesoscale phenomena such as coastal 
jets, baroclinic eddies created by adjustment to transient forcing, fronts, wind-induced upwelling and unstable shear 
waves become possible in such large-scale embayments. Furthermore, biological oceanographic studies suggest that 
such phenomena will influence biological production, the early life stages and reteotion of larvae, and possibly fish 
migration. Having this in mind, large-scale current and water-mass measurements were carried out, in conjunction 
with related biological projects, in 1990 and 1991 to examine the nature and time scales of the different energy 
inputs. 

The response of the DDC to tidal forcing has been estimated from barmonic analysis. Tidal elevations are 
dominated by the M, constituent in the semidiumal band and by the K, constituent in the diurnal band. The 
semidiumal tides exhibit neap-spring fortnightly modulations about mean sea level, stronger at the Quebec side. 
SpectrsI analysis of the same data show that the kinetic energy is predominated by the semidiumal tidal currents. 
The analysis also reveal strong oscillation in the inertial frequency band (around 16-17 h), occurring in the wake 
of wind stress transients. This inertial oscillation is more important at the central basin compared to the area near 
both shores. Furthermore, the low-frequency velocity component fluctuations about mean value reveal two distinct 
synoptic scales of variability: (a) fluctuations with periods ranging from 2-11d, and (b) slowly varying trends with 
time scales of the order of the record length (> 20 days). The shorter time scale corresponds to similar variability 
in the synoptic wind forcing due to the rapid propsgation of extra-tropical cyclones and the passage of pressure 
systems over the Gulf of St. Lawrence, including the DDC. Freshwater pulses and non-local forcing by very low 
frequency density perturbations from the Gulf of St.Lawrence (e.g. Gaspe Current) may contribute to the longer 
time-scale fluctuations. 

ETUDE DES MASSES D'EAU DANS L'ESTUAIRE DU SAINT-LAURENT 

Mohamnwl 1. El-Sabh et Joel Chass6 
Centre Oceanographique de Rimouski, D6partemeot d'Oceanographie, Universit6 du Quebec 11 Rimouski, 310, 
all6e des Ursulines, Rimouski (Qu6bec) G5L 3Al 

Un traitement des donn6es de temp6rature et de salinit6 a 6t6 fait de fa~n 11 caract6riser les masses d'eau de 
I'estuaire du Saint-Laurent ainsi que leur evolution dans Ie temps et I'espace. Toutes les donnees disponibles pour 
la periode entre 1973 et 1975 ont 6t6 interpolees verticalement et horizontalement de fa,on a combler tout 
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I'estuaire. Des profils verticaux, transversaux, longitudinaux et une serie de diaarammes quantitatifs (montrant Ie 
volume d'eau associ6 II. chaque intervalle de temp6rature-salinit6) sont utilises pour arriver II mieux comprendre 
la structure thermohaline. La distribution des parametres physiques est obtenue et leurs changements avec les 
saisons ont et6 etudies. La majorit6 des masses d'eau ont une salinit6 comprise entre 32 et 35 ppm et une 
temperature comprise entre -2 et 4 ·C. Les plus grandes variations saisonnieres sont obtenues entre I'hiver et 1'6te 
dans les 50 premiers metres. 

NUMERICAL MODELUNG OF TIDES IN BAIE-DES-CHALEURS 

Mohammed I. EI-Sabh and Joel Chasse 
Centre Oc6anopphique de Rimouski, D6partement d'Oceanographie, Universit6 du Quebec II. Rimouski, 310, 
.ll6e des Ursulines, Rimouski (Quebec) G5L 3Al 

We bave developed a two-dimensional vertically integrated barotropic model for the Baie-des-Cbaleurs (BDC). The 
model used is based on the finite difference staggered grid scheme, with a resolution of 1 km X 1 km. AlthouSb 
baroclinic effects are not considered, this model is the first tidal model for the BOC that makes use of real data for 
the five important tidal constituents, namely Mo, S2' Nl, K, and 0,. The results have an average accuracy of2.9% 
for water level displacements associated with the principal semidiurnal tidal component (M,) and for their phases. 
Co-amplitude and co-phase lines show that tides enter the bay as a Kelvin wave, with amplitudes being higher along 
tbe Quebec shore. Tidal currents are maximum along the north sbore (50-70 cm/s) during the flood and ebb stages 
of tides and decrease during slack periods. This model will be used to investigate the role of the tidally-generated 
residual circulation and the presence of frontal zones in the distribution of scallop eggs and larvae in the bay. 

THE CURRENT STATUS OF OZONE DEPLETION AND UVB RADIATION 

W.F.J. Evans 
Environmental Resource Studies, Trent University, Peterborough, Ontario 

The current status of the ozone depletion problem and ultraviolet radiation levels is presented since the depletion 
of the ozone layer due to chlorofluorocarbons continues to increase. Ozone levels at midlatitudes in the northern 
hemisphere have declined by 6 % over the last 12 years and it is expected that depletion levels will continue to 
increase to over 12 % by the year 2000. The NASA report of a large cloud of active cblorine over high latitudes 
in the northern hemisphere in late January, 1992 led to high concern that there would be a dramatic thinning of the 
ozone layer and a larae increase in UVB levels this spring over Canadian latitudes. The actual ozone depletion and 
UVB increase which occurred will be evaluated using data available in May, but these are expected to be modest 
although measurable. The future depletion of the ozone layer and increase in UVB radiation levels over the next 
20 years is considered to be a cause for CODcern. 

ULTRAVIOLET RADIATION MONITORING AND FORECASTING OVER SOUTHERN ONTARIO 

W.F.J. Evans 
Environmental Resource Studies, Trent University, Peterborough, Ontario 

The current status of the ultraviolet radiation levels is important since the depletion of the ozone layer due to 
chlorofluorocarbons continues to increase. Ozone levels at midlatitudes in the northern hemisphere have declined 
by 6 % over the last 12 years and it is that UVB levels will continue to increase over the next 20 years. The 
relationship between the ozone column and ultraviolet radiation (UVB) levels is important to most of the biology 
of the planet. Measurements of the UVB levels and the climatology of UVB over southern Ontario are shown. 

One measure of the effect of UVB radiation on humans is the SUNDEX sunburn time. At the latitudes of southern 
Ontario, the SUNDEX varies from less than 20 minutes in July to over a day in December. The generation of the 
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SUNDEX and UVB intensities from satellite ozone fields is also discussed and demonstrated by example. In a pilot 
project in the summer of 1990, the SUNDEX was measured in the morning and broadcast on the media in the 
afternoon. It is planned to develop the forecast and disseminate the SUNDEX to the media across Canada in the 
future. The problems lISSOCiated with forecasting UVB levels are discussed. 

WIND PROFILE ESTIMATION BY CONVENTIONAL RADARS 

Fr6d6ric Fabry 
McGill Weather Radar Observatory, P.O. Box 198, Macdonald Csmpus, Ste-Anne de Bellevue, Quebec, H9X lCO 

When precipitation forms from the same moving source reaion for a long enough period, a precipitation trail is 
formed. These trails move at the velocity of their source region but the slope of the trail at any height is a function 
of two parameters: the difference between the wind at that level and the velocity of the source reaion, and the 
average fall speed of the hydrometoors. 1be wind profile can then be retrieved by measuring the slope of the 
trails, their advection velocity and by estimating the averale fall speed of the hydrometoors. 

High resolution radar data from 24 elevation angles were collected by the McGill Radar in order to test the 
technique. The advection velocity of trails was measured by the movement of weather echoes between the 5 minute 
volume scans. Small PPI sub-regions with trails were correlated with the PPI above to measure the slope of the 
trails. Fall speed were assigned based on the reflectivity of the trails and corrected for the height of the observation. 

Wind speeds were computed for a snowstorm and a rain shower. Retrieved wind profiles matched available 
radiosonde measurements well. The main source of error of the technique was due to the difficulty of estimating 
fall speeds. 

SUMMER SEA SURFACE TEMPERATURE VARIABIUTY OFF VANCOUVER ISLAND 

Wendong Fang and William W. Hsieh 
Department of Oceanography, University of British Columbia, Vancouver, B.C. V6T lZ4 

Satellite-sensed Advanced Very High Resolution Radiometer (AVHRR) Sea Surface Temperature (SST) data 
collected over eight summers (1984-1991) were used to study summer upwelling off the west coast of Vancouver 
Island. Empirical Orthogonal Function (BOF) analysis of the 131 images was performed. 1be first EOF mode 
showed a strong cold water band located at the northwestern part of Vancouver Island and a cool tongue extending 
from Juan de Fuca Strait. The second mode revcaled cool water over the shelf region and a cold eddy near the Juan 
de Fuca Canyon. The third mode showed a cool water band off Brooks Peninsula extending southwestward, while 
the fourth mode revealed a cold water plume off Cape Scott. From these imaaes, we also estimated the total 
upwellina for each summer, with 1986 and 1991 showing the greatest amount of upwelling. 

VERTICAL MIGRATION AS A MEAN TO INCREASE FORAGING IN MACKEREL LARVAE (SCOMBER 
SCOMBRUS) SAMPLED IN SOUTHWESTERN GULF OF ST. LAWRENCE 

A. Ferron', B. cat6 and M.l. EI-Sabh 
Centre Oc6anographique de Rimouski, 310, all6e des Ursu1ines, Rimouski (Quebec) GSL 3Al 
'present address: Department of Biology, McGill Unive~ity, 1205 avenue Docteur Penfield, Montreal (Quebec) 
H3A IBI 

Recruitment variability in fish populations bas often been attributed to variability in the mortality rates affecting the 
eggs and larvae. Larval condition is a mean by which the vulnerability to starvation could be estimated. In order 
to test the hypothesis that condition of larval fish was influenced by food availability in the field, mackerel larvae 
(Scomber scombrus) and their food were collected hourly for 129 consecutive hours, at a fixed station in 
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southwestern Gulf of St. Lawrence, between July 11 and July 16, 1986. The amount of DNA, RNA and proteins 
were measured in larvae of the 7.0 mm size class, and the RNA-DNA ratio used as a condition index. The density 
of copepod nauplii measured in the upper mixed layer, dropped by half in the middle of the sampling period, 
suggesting the horizontal advection of two distinct water masses. The biological identification of these water masses 
was not supported by any changes in their T -S characteristics, but corresponded to a shift from offshore to onshore 
winds, resulting in a major change in the main orientation of the residual currents. Despite the fact that the food 
availability was reduced by half in the water mass advected after July 13, the RNA-DNA ratio indicated a constant 
proportion of starving larvae. Daily vertical migrations by the larvae started to appear after the drop in food 
availability, suggesting a behavioral response of the larvae to increase foraging in a poorer environment. 

INTENSE CURRENTS IN THE DEEP NORTH-EAST PACIFIC OCEAN 

Howard Freeland 
Ocean Physics, Institute of Ocean Sciences, Sydney, B.C. V8L 4B2 

Observations of deep currents in the N.E. Pacific Ocean are reported which indicate that although the eddy kinetic 
energy level is, as expected, generally low, the deep N.E. Pacific is subject to occasional intensely energetic events. 
These events are energetic enough to dominate the distribution of kinetic energy in the water column. We can no 
longer make the assumption that deep flows are weak when estimating near surface flows, and, depending on how 
common these events are, we may need to modify our estimates of the heat transport that can be accomplished by 
deep eddies. 

2D FINITE ELEMENT TIDAL MODEL OF ST. LAWRENCE ESTUARY 

Gagnon,M., J.L. Robert and Y. Ouellet 
Department of Civil Engineering, Pavillon Pouliot, Laval University, Sainte-Foy, Quebec, Canada 

Un modele hydrodynamique bi-dimensionnel bas6 sur la technique des elements finis a ete developpe pour 
I'estuaire du Saint-Laurent. Ce modele s'appuie sur un double maillage triangulaire irregulier: Ie maillage A haute 
resolution comprend 12000 elements alors que Ie maillage A resolution plus faible en contient 436. La possibilit6 
d' echanges bidirectionnels entre les resultats provenant des deux maillages et I'introduction de conditions aux limites 
periodiques correspondant aux marees et aux courants observees sont parmi les innovations du modele. Les 
resultats obtenus A partir de differents types d'616ments (T3,T3B,T6) et diff6rents sh6mas numeriques seront 
discutes et analyses en fonction de leur precision et de leur consommation en memoire et en CPU. 

A 2D finite element model based on a double irregular triangular grid is used to describe water level and tidal 
streams in the St.Lawrence estuary. The possibility of bidirectional exchange between results coming from the two 
grids systems and inclusion of unsteady condition algorithm for water level and tidal streams are the most important 
behavior of the model.. Results obtain with different elements type (T3,T3B,T6) and different numeric schemes are 
analysed and discussed in terms of precision and CPU time and memory. 

RECONSTRUCTING HOLOCENE CLIMATES FROM ARCTIC POLLEN DATA. 

K. Gajewski 
Centre d'etudes nordiques, Universit6 Laval, Sainte-Foy, Quebec, GIK 7P4, CANADA. 

Inforniation about past climates in the Canadian arctic comes from a variety of sources, but the sites are widely 
spaced, most have discontinuous records and frequently are poorly dated. Continuous records of past conditions 
can be interpreted by the analysis of the physical and chemical characteristics of ice cores but these are available 
from only a limited geographic range, where ice caps or glaciers are found. An alternate dsta source for past 
climates is the fossil pollen deposited in lake sediments, which can potentially be obtained from sites across the 
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entire arctic region. 

Arctic pollen analysis is difficult due to the low pollen concentration in the sediments, the broad geographic range 
of many of the plant taxa, and the problems of dating the highly inoraanic sediments. Although past positions of 
treeline have been estimated, less in known of conditions in the tundra of northern Canada. Some progress has been 
made, particularly from sites in Greenland and the eastern Canadian Arctic. In this communication, the stste of 
arctic paleoclimate reconstructions usinll pollen assemblages will be reviewed, includinll discussions of the data, 
methods, problems and potentials. 

BUOYANCY FLUX ESTIMATES FROM OVERTURNING SCALE QUANTITIES 

Peter Galbraith 
Dept. of Oceanography, Dalhousie University, Halifax, Nova Scotia, Canada, B3H 4Jl 

Mixing occurs at microscales (mm) although it has signatures at larger scales. For example, the rate of creation 
of finescaIe (e.g., overturning) variability is balanced by the rate of dissipation at microscales. Thus finescale 
properties provide a sillD8ture of microscale mixing. For a steady-state to exist, both the buoyancy flux and 
dissipation must be equal to the potential energy divided by a suitable decay time. 

The potential energy of the fluctuations can be measured in energetic cases. We show that the decay time is 
inversely proportional to overturn-scale shear for isotropic growing turbulence, and that it is proportional to the 
buoyancy period for turbulence in inertial-buoyancy balance, whether it is isotropic or not. This leads to estimates 
of buoyancy flux from overturning scale quantities. The predictions of our simple model compare favourably with 
laboratory turbulence dats as well as Dillon's (1982) lake and oceanic data. 

THE INFLUENCE OF HUMIDITY PROFILES DERIVED FROM GOES IMAGERY IN THE CANADIAN 
GLOBAL FORECAST MODEL 

Louis Garand and Iacques Halle! • 
Atmospheric Environment Service, 2121 Trans-Canada Highway, Dorval, Qu6bec, H9P IJ3 , 

A new method based on cloud classification has been developed for the estimation of humidity profiles from 
geostationary satellites. The method uses the visible, infrared window and infrared water vapor channels. The first 
step consists of classifying areas 100 x 100 Ian into nine (VIS-IR) or seven (IR only) classes. Cloud type dependent 
relationships are then used to produce the final result at six standard levels (300 mb to 1000 mb). 

Full disk retrievals (60 S to 60 N, 40 W to 170 W) from GOES-7 were obtained for a two-week period in Iune 
1991. Forecasts with and without the new humidity data show a positive impact of the satellite data on forecasts 
up to three days. Geopotential errors are slightly lowered at all levels and convective areas such as the intertropical 
convergence zone better analysed and predicted. The interaction of the new data with the condensation scheme of 
the model is the key process that differentiates the forecasts. 

INERTIAL PEAK SUPPRESSION ABOVE STEEPLY SLOPING TOPOGRAPHY. 

Denis Gilbert 
Institut Maurice Lamontagne, C.P. 1000, Mont-Ioli, Quebec, Canada, GSH 3Z4 

Some of the conacquences of the phase locking of incident and reflected internal waves at a sloping boundary are 
explored in this paper. We show that when the bottom slope is much steeper than the wave ray slope for the entire 
near-inertial band, destructive interference of the incident and reflected waves in the immediate vicinity of the 
bottom leads to a suppression of the near-inertial peak. It also leads to quasi-rectilinear motions oriented in the 
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alongslope direction, and thus to a ratio of anticlocIcwise to clocIcwise kinetic energy close to one, in the near-inertial 
band. We present some observations from the continental slope off Nova Scotia and from the near-<ll[uatorial 
Atlantic that appear to be consistent with the theory. 

REGIONAL CUMATE MODEUNG 

Filippo Giorgi 
National Centre for Atmospheric Research, P.O. Box 3000, Boulder, Colorado, 80303, U .S.A. 

The primary available tools for projecting future climate change or simulating present and past climates are lIeneral 
circulation models (GCMs). These models can incorporate all the relevant global forcings, e.g. greenhouse gases, 
and can describe the large scale features of global atmospheric circulations. However, current G CMs have a 
resolution ( - 300-500 km) which is too coarse to provide adequate detail for regional studies, especially in areas 
of complex topography, coastlines and surface vegetation cover. A modeling framework has been recently 
developed at the National Center for Atmospheric Research (NCAR) in which a fine mesh ( - 20-80 km) regional 
model (the Peon StatelNCAR MM4) is embedded in a GCM (the NCAR CCMl). In the embeddinll procedure the 
initial and lateral boundary conditions necessary to drive the mesoscale model are provided by the GCM output. 
The stratellY of this approach is that the GCM can describe the response of the general circulation to large scale 
forcings and the nested regional model can account for the effect of local, sub GCM-arid scale forcinas. This 
regional climate modeling methodolollY is being tested over various regions of the world. One of them is the 
continental United States. Recently, continuous multi-year simulations for present day and 2XC02 climate 
conditions over the U.S. with the climate version of MM4 nested in a version of the NCAR CCM have been 
completed. Results will be presented from these simulations, which show how the coupled regional model/GCM 
system produces regional patterns of climatic quantities such as temperature and precipitation which show much 
more realistic detail than those produced by the GCM alone. These experiments also show that it is feasible to 
perform good quality, long-term simulations with regional models nested in GCMs for climate applications. An 
important advantage of the nested modeling technique is that, since its components are physically rather than 
empiricaUy based, it can be applied to a wide variety of climate conditions different from present and it can be 
coupled in interactive ways to regional hydrologic and ecosystem models. 

EVALUATION OF THE ADaM WET SCAVENGING MODULE 

A. Glazer and H.G. Leighton 
Department of Atmospheric and Oceanic Sciences, McGill University, Montreal, Quebec 

The Acid Deposition and Oxidant Model (ADaM) is an Eulerian long-range transport and deposition model. One 
of the most higbly parameterized and least well established parts of the model is the module that computes the 
scavenging by convective clouds. As a means of gaining insillht into the scavenging module, results from simulations 
with the module are compared with the results of simulations for equivalent conditions with a tbree-<Iimensional 
dynamic convective cloud chemistry model. 

Comparisons of results for a variety of initial conditions show that wet-deposition of sulphate, nitrate and ammonium 
ions tends tu be underpredicted by the scavenging module and that rain acidity is overpredicted. However, the 
differences are for the most part not large. The results of the scavenging module do seem to be sensitive to the 
model cloud top heiaht. Concentrations of hydrogen peroxide deposited at the surface are significantly smaller in 
the ADaM module than in the 3-D model. For the particular conditions that have been considered, oxidation is 
limited by the hydrogen peroxide concentration in the air for the 3-D model but by the sulphur dioxide concentration 
for the ADOM module. 
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MODELliNG OF ATMOSPHERIC BOUNDARY-LAYER OXIDANTS: A I-D (VERTICAL) STUDY 

Wanmin Gong 
ARQI, Atmospheric Environment Service, 4905 Dufferin Street, Downsview, Ontario, M3H 5T4 

The behaviour of atmospheric oxidants is very complex and a proper modelling of such problem a usually requires 
three-dimensional comprehensive models. On the other hand, under certain circumstances the problem can reduce 
to approximately one-dimension, and a I-D model, which is certainly a lot easier to handle, can provide some 
understanding of the physical and chemical mechanisms pertinent to the problem. 

Diurnal simulations of atmospheric boundary-layer oxidants are conducted using a I-D (vertical) oxidant model, 
which includes vertical diffusion/mixing and sources/sinks due to chemical reactions, emissions and dry deposition. 
ADOM gas-phase chemistry is employed involving 45 species and 114 reactions, and the vertical mixing is modelled 
using acquired vertical diffusivity profiles. This is taken as a first step towards a comprehensive I-D model of the 
atmospheric boundary-layer dynamics and chemistry. Sensitivity studies are carried out to examine the effect of 
individual component on the behaviour of the boundary-layer oxidants. Attempts are also made to simulate some 
of the EMEFS' hyper-intensive cases at Egbert, Ontario. Some useful insights are drawn from the I-D study with 
respect to the modelling of the atmospheric oxidants in the boundary layer. 

MESOSCALE MODELUNG OF THE ATMOSPHERE WITH A VARIABLE-RESOLUTION GLOBAL MODEL. 

Sylvie Gravel, Jean ~t6, Michel Roch and Andrew Staniforth 
Recherche en prevision num6rique, Environnement Canada, Dorval, Qu6bec 

A new operational model is being developed that will meet the requirements of short-range regionsl forecasting , 
medium-range global forecasting, and data assimilation. Its versatility is due to the global variable-mesh strategy 
used for the spatial discretization. The method has the advantage of allowing variable resolution which permits a 
focusing of resolution over an ares of interest. This offers an efficient and simple alternative to the nesting problem 
for reeional forecasting: the planetary waves are adequately resolved outside the high-resolution subdomain (which 
resolves small-scale disturhances), and there i8 no abrupt chanee of resolution across an internal boundary aince the 
resolution is varied smoothly in the outer part of the domain. Tbe approach also proves to be extremely competitive 
for mesoscale limited-ares modelling because of the slow growth of the computational cost as a function of 
resolution. We integrate a sballow-water version of the global model to produce forecasts for a limited-domain 
where the horizontal resolution is typical of meso-g models. We find the approach very robust, with no sign of 
noise or internal reflection at the interface between the high-resolution subdomain and the surrounding coarser grid. 

INTERPENTADAL CHANGES IN THE NORTH ATLANTIC CIRCULATION 

Richard J. Gresthalch, Augustus F. Fanning, Allan D. Goulding, Jie Xu, Sydney Levitus' 
Department of Physics, Memorial University of Newfoundland, St. John's, Newfoundland, AlB 3X7 
'National Oceanographic Data CenterlNOAA, Washington, D.C. 20235, U.S.A 

Diagnostic calculations using objectively analysed density data and COADS wiod data for the pentads 1955-59 and 
1970-74 suggest that the Gulf Stream was up to 30 Sv weaker in the later pentad with roughly two-thirds of this 
change being due to a dramatic weakening of the subtropical gyre. The difference between the average wiod stress 
field in the pentad 1970-74 and that in 1955-59 makes little contribution to this change, almost all of which can be 
attributed to changes in bottom pressure torque. Diagnoses of the velocity field through. sections across the Gulf 
Stream are used to analyze the vertical structure of the transport changes. Preliminary results are also presented 
from a two-density level model driven by monthly meso. of wind stress for the period 1951-1979. 

83 



A FINITE ELEMENT MODEL STUDY OF CIRCULATION IN THE GULF OF MAINE REGION 

D.A. Greenberg, J.W. Loder and Y. Shen 
Department of Fisheries and Oceans, Bedford Institute of Oceanography, Dartmouth, N.S. 

D.R. Lynch, Dartmouth College, Hanover, N.H., U.S.A. 
F.E.Werner, Skidaway Institute of Oceanography, Savannah, GA, U.S.A. 

Previous modelling studies of circulation in the Gulf of Maine and Georges Bank regions have pointed out the needs 
for adequate resolution of topographic features, inclusion of adjacent areas in the model domain, and inclusion of 
haroclinic circulation. To address these deficiencies, finite element models are being used to study the 
~imensional circulation in the region. The flows associated with tidal, wind, density gradient and boundary 
inflow forcing are being examined. The flow fields are being used to investigate the role of the circulation in the 
distributions of fish eggs and larvae in the Georges Bank region. 

The progression of models and techniques will be described. Results will be presented for the responses to wind 
stress and upstresm inflow, including comparisons with previous models and sensitivity studies of bottom and 
internal friction. Future plans will be discussed. 

FLOW FIELDS AND DRIFTER TRACKS ON WESTERN BANK, SCOTIAN SHELF. 

David Griffin 
Dept. of Oceanography, Dalhousie University, Halifax, N.S., B3H 4J1. 

An array of current meters and pressure gauges was deployed on Western Bank on the outer Scotian Shelf from 
February to December 1991 as part of the cod larval tracking component of OPEN. Loran-C drifters were also 
deployed during a 2-week period. Sub-tidal flow fields are richly structured in both space and time, as evidenced 
by the low correlation of velocity across the 40km array. Nevertheless, the flow is primarily goostrophic once the 
locally wind-driven response is accounted for and hence may be interpolated by fitting a surface to the pressure and 
velocity data. Resulting hindcasts of particle trajectories compare well with those of drifter cluster centroids but 
cannot reproduce the high observed shear dispersion. Hindcast residence times within the 40km array appear to 
be of only O(IOd). So why were cod larvae found centered over the crest of the Bank from November 1991 
through to February 19921 Results of an April-May 1992 cruise designed to see whether a zone of retention exists 
over the crest of the bank (just outside our 1991 array) are presented. 

FORECASTING OCEANIC 'WEATHER' ON THE SCOTIAN SHELF 

David Griffin, Tony Bowen, Michael Dowd, Jinyu Sheng, Keith Thompson 
Department of Oceanography, Dalhousie University, Halifax, N.S. B3H 411 

One of the goals of the fisheries biologists in the Ocean Production Enhancement Network is to determine what is 
special about the small number of cod larvae that survive their early life stage and recruit to the fishery. This will 
involve tracking a cohort of larvae in the field for about 20 days and monitoring the changing condition and 
genotypic-phenotypic profile of the survivors. In order to do this, the biologists' aampling locations must evolve 
with the changing position and shape of the larval patch. This, in tum, requires both nowcasts and short-term 
forecasts of the three dimensional flow field over the outer continental shelf. In close analogy to the procedures used 
by weather forecasters, we will rely heavily on real-time data acquisition and numericsl models. Velocity estimates 
from a" telemetering moored current meter, Loran-C drifter trajectories and the ship's Acoustic Doppler Current 
Profiler will be fed to a suite of increasingly sophisticsted empiricsI and dynamicsI models. The most sophisticsted 
of these will be a 3-dimensional numericsI model with the data being assimilated by the adjoint method. We will 
discuss progress to date and illustrate our approach with data collected during a Spring cruise to Western Bank in 
1991. 
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A STUDY OF THE EFFECTS OF LONGWAVE RADIATION ON CLOUD DEVELOPMENT 

Hong Guan, M.K.Yau AND R.Davies 
Department of Atmospheric and Oceanic Sciences, McGill University 

Most clouds experience strong longwave radiative cooling from their tops and sides. To study the radiation effects 
on convective cloud development, a two-<Iimensionallongwave broadband radiation model is developed. The model 
uses high spatial and spectral resolutions to provide broadband flux divergence and cloud cooling rates within 
atmospheric window region. Wiscombe's Mie code is used to provide the optical characteristics of cloud droplets. 
The model can be applied to either homogeneous or inhomogeneous clouds. 

The results show thst 1) high radiative cooling rate are located near cloud tops and cloud sides, with maximum 
cooling rate at the upper cloud comers, 2) the horizontal net flux divergence has important contributions to total 
cooling rate near the cloud sides, which are nealected by the two-stream parameterization scheme. 

The effect of longwave radiative cooling is being incolpOrBted into a dynamic cloud model and some preliminary 
results would be presented. 

CHARACTERISTICS OF A DRY LAYER BENEATH A CIRRUS CLOUD 

Ismsil Gultepe 
NASA, GSFC Code 913, Greenbelt, MD 20771 

Data for this study were collected by the instruments mounted on the NCAR King Air and NASA ER-2 Aircrafts, 
and rawindsonde during First ISCCP (International Satellite Cloud Climatology Project) Regional Experiment (FIRE) 
which took place over the Minnesota region on 19 October, 1986. Cirrus cloud top and base from rawindsonde 
measurements were found at about 7 and 11 km, respectively. Relative humidity with respect to water (lUI.,) 
ranged between S2 % at the top and 2S % at the base of dry layer which formed below the cirrus. The same dry 
layer was also indicated on the imagery obtained by the NASA ER-2 aircraft lidar. Using the data from the optical 
probe measurements and a one-dimensional time-dependent model, evaporative cooling rate and downward vertical 
vertical velocity (w,,) were calculated in the various environmental conditions. Resul\ll showed thst w. can be as 
high as 6 m or' using RH.. of about 2S % and an environmental lapse rate of approximately -0.8 KllOO m. The 
evaporative cooling rate just below the cirrus base was found to be about 10 K hoI in the same environmental 
conditions. Overall, the results were found to be comparable with observations and earlier studies. 

A TWO-DIMENSIONAL COUPLED ATMOSPHERE-OCEAN-SEA ICE MODEL FOR LONG-TERM 
CLIMATIC SIMULATIONS 

L.D. Danny Harvey 
Department of Geography, University of Toronto, 100 St. George Street, Toronto, Canada, M5S lAl 

A two-dimensional (Iatitude-depth) deep ocean model is presented which is coupled to a sea ice model and an 
Energy Balance Climate Model (EBCM), the latter having land-sea and surface-air resolution. The processes which 
occur in the ocean model are: thermohaline overturning driven by the horizontal density gradient; shallow wind· 
driven overturning cells; convective overturning; and vertical and horizontal diffusion of heat and salt. Mixed layer 
salinity is affected by evaporation, precipitation, runoff from continents, and sea ice freezing and melting, as well 
as by advective, convective, and diffusive excbaneC8 with the deep ocean. 

The ocean model is first tested in an uncoupled mode, in which hemispherically symmetric mixed layer temperature 
and salinity, or salinity flux, are specified as upper boundary conditions. An experiment performed with previous 
models is repeated in which a mixed layer salinity perturbation is introduced in the polar half of one hemisphere 
after switching from a fixed salinity to a fixed salinity flux boundary condition. For small values of the vertical 
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diffusion coefficient K", the model undergoes self-sustained oscillations with a period of about ISOO years. With 
larger values of K", the model locks into either a symmetric mode or an asymmetric mode with a single overturning 
cell spanning both hemispheres (depending on the details of the convection parsmeterization), or a quiescent state 
with downwelling near the equator, upwelling at high latitudes, and a warm deep ocean (with sufficiently large K,,). 
When the ocean model is forced with observed mixed layer temperature and salinity, no oscillations occur. The 
model successfully simulates the very weak meridional overturning and strong Antarctic Circumpolar Current at 
the latitudes of the Drake Passage. 

The coupled EBCM -deep ocean model displays internal oscillations with a period of 3000 years if the ocean fraction 
is uniform with latitude of K" and the horizontal diffusion coefficient in the mixed layer are not too large. Globally 
averaged atmospheric temperature changes of 2 K are driven by oscillations in the heat flux into or out of the deep 
ocean, with the sudden onset of a heat flux out of the deep ocean associated with the rapid onset of thermohaline 
overturning after a quiescent period, and the sudden onset of a heat flux into the deep ocean associated with the 
collapse of thermohaline overturning. When the coupled model is run with prescribed parameters (such as land-sea 
fraction and precipitation) varying with latitude based on observations, the model produces a reasonable deep ocean 
temperature field but a completely unrealistic salinity field. Resetting the mixed layer salinity to observations on 
each time step - equivalent to the "flux correction" method used in atmosphere/ocean GCM'S - is sufficient to 
give a realistic salinity field throughout the ocean depth, but dramatically alters the flow field and associated heat 
transport. 

EFFET DE LA NATURE DU SUBSTRAT ET DE LA PROFONDEUR SUR LA V ARIABILITE SPA TIALE DU 
TAUX DE FIXATION DES POST-LARVES DE PETONCLE GEANT (Placopecten magellanicus) 

Harvey M. et E. Bourget 
GIROQ, Departement de biologie, Universite Laval, Sainte-Foy (Quebec) GlK 7P4 

11 est bien COnnU que les post-Iarves de petonc\e geant passent la premiere annee de leur vie fixees II un substrat 
dur a I'aide de filaments byssaux. Cependant, nous conaissons ues peu de choses sur la nature des substrats 
selectionnes ainsi que sur les facteurs qui favorisent Ie choix d'un substrat par rapport Ii un autre. Des 
echantillonnages qualitatifs effectues dans la baie des Chaleurs, II I'automne 1991, ont montre que Ie nombre de 
post-Iarves fixees sur les hydrotheques d'hydraires morts de I'espece Tubularia larynx etait 20 fois plus 61ev6 que 
sur les autres substrats echantillonnes. De plus, iI y a une relation positive significative entre la profondeur et Ie 
nombre de post-Iarves colonisant des hydraires preleves a differentes profondeurs sur des cordes. Des experiences 
en laboratoire r6a1isees a I'aide de post-Iarves nouvellement fixees ont aussi montre que (I) les post-Iarves se 
refixaient ues rapidement sur leur substrat d' origine lorsqu' elles etaient delogees de ce dernier, (2) lors 
d'exp6riences II choix unique et iI choix multiple, les post-Iarves se refixaient en plus grand nombre sur Tubularia 
plutOt que sur une algue rouge filamenteuse (Ptilota serrata; un substrat oil on a aussi retrouv6 des post-Iarves) ou 
sur du monofilament (un substrat habituellement utilise dans les collecteurs de larves de petoncle). Nous 
discuterons des implications potentielles de ces resultats sur I'aquaculture du petoncle geant. 

INFLUENCE DE L'HETEROGENEITE DU SUBSTRAT SUR LE TAUX DE FIXATION DES LARVES 
D'INVERTEBRES BENTHIQUES 

Harvey, M.', E. Bourget', G. Ingram', GIROQ 
'D6partement de biologie, Universite Laval, Sainte-Foy (Quebec) Canada, GIK 7P4 
'Department of Atmospheric and Oceanic Sciences, McGill University, 80S Sherbrooke Street West, Montreal, 
Quebec H3A 2K6 

Nous avons examine Ie rOle de I'heterogeneite du substrat et de I'hydrodynsrnisme dans la couche limite benthique 
sur Ie taux de fixation des larves d'invert6br6s benthiques a partir d'exp6riences multifactorielles r6a1is6es sur Ie 
terrain. Ces experiences ont ete effectuees Ill'aide de structures tri-dimensionnelles, s'apparentant par leur forme 
a des hydraires ou a des algues benthiques. Les principaux facteurs consideres ont ete Ie degr6 d'h6terogeneite 
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(nombre de ramifications), Ie diam~tre des ramifications et la surface disponible pour la fixation. Nos resultats 
montrent que, pour I' ensemble des structures, il y a une corr61ation positive si2Jlificative entre Ie nombre 
d'individus fix6s par cm' de cbacune des ~ (Mytllus billlis, Cuaslotienna pinnu/atum, Rialella arClica). Ce 
resultat semble indiquer que la fixation est un pb6nomene passif , 1'6cbelle de la couche limite benthique. De 
plus, on observe un effet hautement si2Jlificatif de 1'h6t6rog~it6 du substrat et du di~tre des ramifications sur 
Ie nombre de larves fix6es par cm'. Les structures offrant Ie plus petit diam~tre des rsmifications et la plus faible 
h6t6ro&6n6it6, celles qui perturbent Ie moins l' 6coulement dans la couche limite benthique, ont r6colt6 plus 
d'individus par cm' que les structures offrant un di~tre des ramifications plus 61eve et une forte h6t6rog6n6it6. 

THE EFFECTS OF CYCLOGENESIS ON REGIONAL TRANSPORT 

Mark Hedley and H.R. Cho 
University of Toronto, 60 St-George Street, Toronto, Ontario, MSS IA7 

The CDT (Chemistry and Dynamics of the Troposphere) regional scale transport model is used to simulate the 
OSCAR 4 cyclone of 22-24 April, 1981. The model includes the RADM 1 gas phase reaction set, and the spatial 
distribution of various species during a cyclogenetic event is discussed. Certain species (eg. NO) are stron&ly 
influenced by the temperature structure of the fronts, while others (eg. OIl) are affected by the water vapour 
distribution in the cyclooe. 'The ozone concentratioo i. substantially reduced in the vicinity of the cyclone, and the 
results of a tracer analysis are used to explore the causes of this. 

DESCRIPTION OF THE GEOPHYSICAL FIELDS AT CMC AND THEIR USE IN THE REGIONAL AND 
GLOBAL MODELS 

Richard Hoguel, Jacques Hall61
, Bruce Brssnettl, R6aI Sarrazin', Normand Brunet' 

I Canadian MeteoroloKical Centre, Analyses and Satellite Division 
, Canadian Meteorological Centre, Numerical Weather Prediction Division 

As the resolution of models and analysis systems increase they become more and more sensitive to the specification 
of certain fields related to physical charscteristics of the surface. We refer to these fields as geophysical fields. 
In this context, we will describe the geophysical fields currently used at CMC as" well as those soon to be 
implemented and we will see how they are used by the models. This will be an opportunity to clarify to the 
operstiooa1 community the contents of these fields and their subtle impact on model output. 

Geophysical fields are divided into two main brsnches. First, we find the geogrsphical fields such as topogrsphy 
and land-water mask fields. We will examine these fields and see why they are somewhat smoothed before actually 
being used hy the models. Secondly, we have the surface variables (land and sea tempersture, albedo, snow depth, 
ice, soil moisture, etc ••• ) which include the climatological fields and the analyzed fields. We will examine these 
with special emphasis on the analyzed fields of ice, albedo and snow depth as they were recently introduced 
operstionally at CMC. Results of their positive impact on the analysis and model forecasts will be presented. 
Special emphasis will also be devoted to the effect apt these fields on the higher resolution EFR model. 

SENSITIVITY STUDY OF THE EFR MODEL ON THE 28 SEPTEMBER 1990 PACIFIC BOMB CASE 

Richard HOille, Louis Lefaivre, Normand Brunetl 

Analyses and Satellite Division, Canadian Meteorological Centre 
INumerical Weather Prediction Division, Canadian Meteorological Centre 

The first two major systems of fall 1990 to hit the west coast were significantly underforecast by the Canadian 
models. We will present results of a sensitivity study of the EFR model on the case of the September 28, 1990 
storm. This case shows once again the crucial importance of the analysis over the oceans, where data are generally 
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sparse. We examine the model's sensitivity to the position of EFR grid by moving the high resolution central 
window over the Pacific. Also, to study the effect of the model's resolution, tests were performed by running the 
model at 50 kIn. We will show that the model was sensitive to grid resolution to some degree despite obvious 
deficiencies to the initial analysis. Furthermore, we evaluate the model's sensitivity to initial analysis and to the 
insertion of bogus data to that analysis. It turns out that the model's poor performance can be mostly attributed to 
a faulty initial analysis, as is often the case with Pacific systems. 

The NGM model was more successfull in this case than the EFR or the Spectral V9. In order to examine the effect 
of the initial analysis, we have obtained NMC's analysis for that case and we will present results ofEFR model runs 
using the American analysis. Interestingly, the EFR model run with NMC's analysis produced very similar results 
to what the NGM model indicated. We will also closely examine the differences between the NMC and CMC 
anslysis for that case. 

ESTIMATES OF PRECIPITATION IN SUMMER STORMS IN CENTRAL ALBERTA 

D.A. Holland', A.R. Holt', R. McGuinness', E. Torlaschi', and B. Kochtubajda' 
'Mathematics Department, University of Essex, Colchester, U.K. 
'D6partement de physique, UQAM, MontresI, Quebec, CANADA 
'Resource Technologies Department, ARC, Edmonton, Alberta, CANADA 

A field experiment was conducted in central Alberta during the period 18 July to 7 August 1991. The field 
experiment involved observing storms within about a 70 kIn radius from Red Deer with the Alberta Research 
Council S-band polarisation diversity radar and C-band radar, and measuring rainfall at the ground through a small 
network of fixed, volunteer observers, a mobile storm-chase operation and automatic recording stations belonging 
to AES and Alberta Environment. Informstion on the occurrence of hail was also recorded. Significant events 
occurred on seven days. 

This presentation will discuss the estimation of heavy rain rates and the identification of hail by using the full 
polarisation informstion from the S-band radar. 

INTERANNUAL VARIABILITY OF ARCTIC SEA-ICE USING A COUPLED SEA ICE - OCEAN MODEL 

D. M. Holland and L. A. Mysak, J. M. Oberhuber' 
Department of Meteorology, McGill University, Montreal, Quebec, H3A 2K6; 514-398-7448 
'Meteoroligisches Institut der Universitat Hamburg, Hamburg, Germany 

A coupled ice-<>cean numerical model is used to study interannual variations in the Arctic ice-pack. The sea-ice 
component of the model includes both dynsmics and thermodynsmics based on Hibler and Oberhuber respectively. 
The ocean component is adiabatic isopycnal ocean circulation model with prognostic temperature and salinity fields 
and realistic topography (Oberhuber). The models are coupled through an ocean mixed layer. The coupled model 
is forced using monthly atmospheric fields spanning several decades. The simulation of sea-ice thickness, 
concentration, and circulation is compared with observations. In particular, the model is used to hindcast the great 
ice and salinity anomaly of the 1960s. 

WIND AND TEMPERATURE PROFILING 

Edward F. Hudson 
Paramax Systems Corporation, Great Neck, New York, USA 

The Wind Profiler is an unattended, highly sensitive Doppler radar that detects and processes returns from the clear 
air directly above the radar to derive vertical profiles of wind speed and direction in increments of 250 m to an 
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altitude of approximately 16 km. NOAA has now established a network of 30 of these systems in the central part 
of the U.S. Data from the network is being used to assess the effectiveness of this new tecbnology for making 
upper air observations. Preliminary results will be presented. 

In 1991, Paramax Systems Corporation (formerly known as Unisys Defense Systems, Inc.) completed a company­
sponsored project to add a temperature profiling capability to the Wind Profiler System based on utilizing the Radio 
Acoustic Sounding Syatem (RASS) technique. NOAA i. planning to add this capability to several of the profilers 
in the network. 

With the RASS technique, the temperature profile i. measured by vertically transmitting an acoustic wavefront over 
the radar and tracking its upward velocity. Since the speed of sound in air varies directly with temperature, a 
temperature profile can be obtained. Results of temperature measurements in increments of 250 m to altitudes ·of 
approximately 5 km will be presented. 

Highlights of a trip in 1991 to the AES Upper Air Station at Mould Bay to survey potential sites for a Wind Profiler 
will also be presented. 

THE CANADIAN WEATIlER RADAR DATA PROCESSING SYSTEM 

R.G. Humphries', Henri-Paul Biron' 
'MacDonald Dettwiler, Richmond, B.C. V6V 213, Ph: 604-278-3411, Fax: 604-278-1285 
'Centre meteoroloBique du Qu&ec, SEA, Ville Saint-Laurent, Qu6bec 

As part of its moderniution program, the Canadian Atmospheric Environment Service has contracted MacDonald 
Dettwiler to provide a Radar Data Processing system (RDP) for its weather radar network. The system will provide 
for the acquisition and display of volume scan radar data as well as the production of various radar-derived products 
known to be useful for severe storm detection and forecasting. RDP is based upon original radar data processing 
algorithms developed by McGill University, which have been verified by AES in operational use at the Quebec 
Weather Centre. MacDonald Dettwiler has incorporated these algorithms in a production syatem with modular 
hardware capable of functional expansion as demands on the syatem increase. 

This paper describes the hardware and software architecture of RDP and shows exaniples of the type of products 
available from the system as well as the form of the human machine interface. Future expansion possibilities are 
discussed in light of new algorithms being tested at the Quebec Centre and in light of the AES Doppler radar 
program. 

NUMERICAL SIMULATION OF MESOSCALE FEATURES IN TIlE NORTH ATLANTIC CURRENT 
OBSERVED BY GEOSAT ALTIMETER DATA. 

M. Ikeda 
Physical and Chemical Sciences, Department of Fisheries and Oceans, Bedford Institute of Oceanography, 
Dartmouth, Nova Scotia, Canada 

The Geosat altimeter data have been analyzed for 3 years to show mesoscale meanders and eddies in the North 
Atlantic Current over the Newfoundland ridge and basin. The decorrelation scales of the sea surface height 
variabilities are -40 days in time and -120 km in both along-track and cross-track directions. Although significant 
waves propagate westward at speeds of 3 - 15cm/s near the NAC axis, some individual mesoscale features are 
chaotic: they are sometimes persistent for several repeat cycles ( - 100 days) and then suddeuly propagated westward 
or disappeared within one cycle. To examine the cross-track resolution of the altimeter data, an additional data set 
is created by smoothing the raw data between the tracks. 

An eddy-resolving, quasi-geostropbic model is employed to simulate the mesoscale variabilities. The model is 
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forced (updated) only by the altimeter data at times of the observations. To evaluate model performance, correlation 
between the new data and the model solution just before data injection is compared with correlation between the 
new data and the 1 cycle (17-day) old data; i.e., predictability is compared with persistence. When the raw data 
are used to force the model, the data-solution correlation coefficients are comparable with the lagged data-data 
correlation coefficients: predictability is not superior to persistence. Only when the smoothed data are used, does 
the predictability become superior to the persistence. Prediction is degraded by unpredictable evolution of the 
mesoscale features that are not well captured by the altimeter with the low cross-track resolution, and rapidly grow 
due to instability. The degradation could occur also when the mesoscale features, whose lower layer component 
is underestimated due to inefficient downward transfer of the surface data, receive effects of steep bottom 
topography. 

ESTIMATION OF THE TEMPERATURE-PRECIPITATION INDEX USING HOURLY DATA FROM SABLE 
ISLAND, NOVA SCOTIA IN JANUARY. 

George A. Isaac', R. Ambury Stuart' 
'Cloud Physics Research Division, Atmospheric Environment Service, Downsview, Ontario 
'Weather Research House, Downsview, Ontario 

At last years' Congress in Winnipeg, Isaac and Stuart (1991) introduced the Temperature-Precipitation Index (TPI). 
and with this concept, examined the relationship between mean daily temperature and total daily precipitation for 
56 Canadian stations. Daily TPI values gave no evidence of increased precipitation near O·C as suggested by Szeto 
et al. (1988) and Stewart and King (1990). However, since temperatures can vary considerably over the course of 
a 24 hour period, it was argued that the daily TPI is not an appropriate test of this theory. 

In this paper we describe the development of a temperature-precipitation index derived from hourly data. Our study 
had the following objectives: (1) To estimate hourly precipitation data from daily accumulation amounts and hourly 
reports of precipitation occurrence and intensity; (2) Assuming that hour to hour data on temperature and 
precipitation will give a more realistic impression of the temperature-precipitation relationship, to determine how 
much degradation is sustained when daily means and totals are used; (3) To compare hourly 
temperature-precipitation indices with analogous dew point-precipitation indices; and (4) Using the hourly archive, 
to test the specific hypothesis of increased precipitation near the freezing point of water. These objectives are 
addressed in this study through an analysis of the hourly climate archive for Sable Island data for the month of 
January. Since the mean monthly temperature at this site in January is near O·C, ar'J increased precipitation 
amounts should be clearly identifiable in an analysis of these data. 

An analysis of hourly data for Sable Island in January demonstrated with increased clarity than previously possible 
that there is no increase in either the occurrence or accumulation of precipitation near O·C as has been predicted 
elsewhere. On the contrary, the frequency of precipitation occurrence is at is lowest value of approximately 30 per 
cent in the temperature range (-2·C - +2"C). Maximum values of precipitation occurrence near 100 per cent are 
observed at temperatures less than -10·C, while values in excess of SO per cent are observed for temperatures 
greater than +S·C. Mean hourly accumulations of precipitation increase from near zero at -10·C to approximately 
0.2 mmIh at O·C to approximately 2 mmIh at + 10·C. The estimates of TPI from hourly and daily data were 24 
per cent and 23.5 per cent respectively. 

MODELLING OF GAP WINDS IN HOWE SOUND, BRITISH COLUMBIA. 

Peter L. Jackson, Douw G. Steyn' 
Department of Geography, University of Western Ontario 
'Atmospheric Science Programme, University of British Columbia 

Gap winds in western North American coastal fjords are the shallow, often very strong seaward flow of air which 
occurs when arctic anticyclones move southward against the interior side of the coast mountain barrier. This 
synoptic scale configuration creates strong low level horizontal pressure gradients oriented down the fjords which 
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result in gap wind flow through them. A 3-dimensional, primitive equation, mesoscale numerical model (CSU 
RAMS) haa been applied to a case of moderate gap wind flow in Howe Sound. Results from numerical modelling, 
supported by observations, suggest that the gap wind flow is analogous to the hydraulic flow of water in a channel 
with phenomena such as supercritical flow and hydraulic jumps apparent. 

This leads to the creation of much simpler models based on shallow water hydraulic theory to represent the 
phenomenon. Observations and results from various models will be presented. 

LONG-TERM RUNOFF EFFECTS ON SURFACE CIRCULATION IN NORTHERN BRITISH COLUMBIA 
WATERS. 

Ren6e Jacques 
Department of Oceanography, The University of British Columbia, Vancouver, B.C. 

Daily river discharges with daily observations of surface sea-water temperature and salinity from six lighthouse 
stations on the northern British Columbia coast from 1930 to 1990 have been analysed. Long-term variations, trends 
and interdependencies of temperature, salinity and runoff data for the different stations as well as their possible 
causes and consequences will be discussed. 

REMOTE SENSING OF SEA SURFACE FEATURES ALONG THE NORTHERN BRITISH COLUMBIA 
COAST 

Ian D. Jardine', Keith A. Thomson', Mike G. Foreman'., Paul H. LeBlond' 
'Department of Oceanography, University of British Columbia, 6270 University Boulevard, Vancouver, British 
Columbia, Canada, V6T lZ4 
'Department of Fisheries and Oceans, Institute of Ocean Sciences, 9860 West, Saanich Road, Sidney, British 
Columbia, Canada V8L 4B2 

This poster presents an overview of surface oceanographic features identified·by A VHRR imagery in Hecate Strait 
and adjacent waters surrounding the Queen Charlotte Islands, Canada, an area still ~r in in-situ observations. 
The observed features and their temporal variability are interpreted in terms of meteorological and hydrological 
forcing. The effects of tidal mixing are discussed through the application of a finite element numerical model. 

THE REGIONAL FORECAST SYSTEM AT CMC: DESCRIPTION AND PRELIMINARY RESULTS 

Michel Jean' and Richard Hogue' 
Canadian Meteorological Centre 
INumerical Weather Prediction Development Division 
'Analysis and Satellite Division 

With the advent of one of the most powerful computers in the world, the NEC SX3\44, the Canadian Meteorological 
Centre and Recherche en Prevision Num6rique will implement an integrated and coherent regional (mesoscale) 
analysis and forecast system during the fall of 1992. 

The regional analysis will provide the Regional Finite Element model with an analysis at a horizontal and vertical 
resolution identical to that of the model's working grid. This higher resolution anslysis scheme wiII allow a more 
efficient assimilation of higher spatial and temporal resolution data from new observing systems (wind profilers, 
ACARS, etc.). 

The horizontal resolution of the RFE model will be increased to somewhere in the range of 25-50 kilometers, while 
the number of levels in the vertical will be increased to approximately 30. Also, improvements to the RFE's 
dynamics and physics packages will be implemented. These improvements will place the RFE among the highest 
resolution operational models in the world. 
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DOPPLER RADAR OBSERVATIONS OF REAR INFLOW JETS IN SOUTHERN ONTARIO 

Paul Joe 
King Weather Radar Station, Cloud Physics Research Division, Atmospheric Environment Service of Canada, 4905 
Oufferin St., Downsview, Ont., M3H 5T4 

Many mesoscale convective systems (MCS) have been observed at the King radar station. These MCS are difficult 
to forecast or observe because the scale size is below the resolution of the synoptic network. Typically, they have 
squall lines 10-20 km wide at the front edge of the precipitation structure. If the system is sufficiently long lived 
and steady, a rear stratiform rain region 40-200 km in width may develop that may reveal the presence of a rear 
inflow jet. Observations of this jet have important implications regarding the forecast of precipitation and severe 
weather. The origins of this jet have often been attributed either to the convective downdrafts in the squall line or 
the mesoscale effects in the stratiform region. Evidence will be presented that supports the latter explanation and 
illustrate the significance of the rear inflow jet for forecasting. 

EXPERIMENTS WITH NON-NORMAL MODE INmALIZATION OF A SHALLOW-WATER LIMITED-AREA 
MODEL 

Regis Juvanon du Vachat 
Direction de la Meteorologie, SMIRIC, 2 Avenue Rapp 75007 Paris FRANCE 

A non-normal mode initialization scheme, i.e. an initialization scheme which does not require an explicit 
computation of the normal modes of the linearized equations is considered. Such a scheme is applied to a shallow­
water limited-area model cast on a stereographic projection, for which the computation of the normal modes is too 
expensive, due to non-separability. In that case of limited area model the relaxation scheme is used in a boundary 
zone to prescribe the large scale evolution. At first a model whose the domain has a very limited extent 
(1750 km x 1750 km) is considered and the initialization scheme successfully filters the gravity waves from the 
simulations. Particular attention is given to: the choice of an initialized or uninitialized field for the relaxation 
target; the coherence of the initialization scheme with the semi-implicit scheme of the model and the effect of the 
orography in such a shallow-water model. Then we consider a model with an enlarged domain (10 000 km x 
10000 km), with the preceding regular grid domain at the center and a stretching grid up to the boundaries. In 
that case we test the impact of using a linearization including most of the Jl-terms, against one without Jl-terms for 
the initialization of such a model. The impact of the comprehensive scheme appears less than the impact of using 
an initialized field for the relaxation, even with such a large domain. As a conclusion and in the two model cases 
we present the behaviour of the diagnostic quantities used to test the convergence of the initialization scheme, but 
during the simulations, that confirm the main results of the study. 

HISTORY AND PRESENT STATUS OF THE FRENCH PERIDOT NWP SYSTEM 

R. Juvanon du Vachat', H.L. Pham', J.F. Geleyn' 

Direction de la Meteorologie 
, SMIRIC, 2 Avenue Rapp 75007 Paris FRANCE 
, DMN, 77 rue de Sevres 92104 Boulogne Cedex FRANCE 
'CNRM, 42 Avenue Coriolis 31057 Toulouse Cedex FRANCE 

We briefly present the history of the research project PERIDOT (Prevision 4 Echeance Rapprochee Integrant des 
Donnees Observees et Teledetectees) that leada to a fine mesh (35 Km) operational NWP system at the beginning 
of 1985 at the French Meteorological Service. This research project was in the continuity of the high resolution 
dynamical adaptation studies but trying to improve the prediction by using all the fine scale information available. 
We mainly discuss the experiments done in a research mode concerning the radiances assimilation, the nonlinear 
mode initialization and the use of different physical packages. Then we describe the necessary trades off to put all 
these elements in a coherent operatioual model and the main changes done in the operational suite through the years. 
Also are presented the verifications of the fine mesh model with the surface weather observations, that explain how 
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the low-level meteorological panuneters are predicted. Then the different results at higher resolutions (10 km, 3 
km) are presented, indicating a way to improve the predictability of the whole system (especially the flow over 
mountainous regions). At last a tentative evaluation is given indicating the success of the PERIDOT system for the 
forecasters but also the fields where more research must be done. 

COMPORTEMENT ASYMPTOTIQUE DU PASSAGE D'UNE ONDE SOLITAIRE SUR LE TALUS 
CONTINENTAL 

Abde\hak Kabbaj et Smael Naasse 
Ecole normale superieure Takaddoum, B.P. S118, Rabat, Maroc 

L'objet d ' une telle etude consiste a dt!crire Ie comportement d'une onde longue et plus particulierement d'une onde 
solitaire incidente lors de son passage sur un seuil dans un fluide homogene. Apres ,voir determine les 
coefficients de reflexion et de transmission ,u droit de rupture de pente d'apres la thOOrie de I'eau peu profonde, 
nous etudions de fa~ anaIytique I'equation non-lint!aire de Korteweg eI De-Vries (K.D.V.) qui regit la 
propagation de telles andes. Cette etude nous , permis d 'avoir une meilJeure comprehension du pMnomene. 
K.D. V. equation est resolue par I, methode de I'inverse-scattering. Celte methode est particulierement bien 
adsptee a I'etude du comportement asymptotique de I'equation de Korteweg-De-Vries. 

In this paper we describe the behaviour of a long-wave and specially an incident solitary wave passing over a siIJ 
in a homogenious fluid. We determine the coefficients of reflexion and transmission right at the sill using the 
shallow water theory. We study analytically the nonlinear Korteweg and De-Vries equation which is governed the 
propagation of long waves. This allow us to undefl'tand the mechanisms of the phenomenon. K. D. V. equation is 
solved using the inverse-scattering method which is specially adspted to study the asymptotic behaviour of the 
Korteweg-De-Vries equation. 

ATMOSPHERIC SOUNDING ANALYSIS ON A MICROCOMPUTER 

Tony Keck 
Environment Canads, 1000-266 Graham Ave, Winnipeg, Manitoba, R3C 3V4 

Traditionally, all analysis of atmospheric soundings has been performed on paper thermodynamic diagrsms. For 
some calculations, such as buoyant energy or belicity, this can be rather tedious and inaccurate. Aerological 
sounding bave been displayed on computers in recent years, and the soflware has allowed some manipulation of the 
data. With the advent of high speed micro computers with excellent video screen resolution, it has become possible 
to develop soflware to calculate, display, and modify parameters currently in use, and as a tool. for the investigation 
of new parameters or concepts. The Atmospheric Sounding Analysis Program is soflware designed to allow the 
display of individual tephigrsms and hodographs, allow historical or spatial overlays, and calculate a wide variety 
of stability indices, convective, or hodograph parameters. The actual sounding may be modified in a variety of 
methods and the various calculations may be redisplayed. In addition there is the option to display a number of 
parameters from up to 30 radiosonde stations on a background map of a significant portion of North America. 

SALINITY CONTROL OVER DEEP CONVECTION 

Dan Kelley 
Oceanography Department, Dalhousie University, Halifax, Nova Scotia, CANADA, B3H 411 

The thermohaline circulation of the world ocean is driven by deep convection at high latitudes. The convection is 
forced by destabilizing surface buoyancy fluxes which result when cold, dry winds blow over relatively warm water. 
The process is thought to be inhibited by low surface salinities since relatively fresh water freezes before it cooling 
enough to become as dense as the deep water. This led Malmberg (1969, Jokull, 19, 30-43), in a study of the 
hydrography near Iceland, to suggest a simple criterion: deep convection will not occur in regions with surface water 
fresher than 34.7 PSU. • 
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Malmberg's analysis neillected the increase of salinity which results from the evaporation. The present work 
extends Malmberg's work by allowing for evaporative flux as well as heat flux. 

For typical conditions, the evaporative flux will increase the salinity by about 0.03 PSU for each degree of 
temperature decrease. This leads to a new criterion: deep convection will be inhibited in regions with surface salinity 
less than 34.9-(f + TO)/30, where TO is 1.SC. This new criterion agrees roughly with Malmberg's criterion, in the 
sense that each is consistent with the observation that deep convection takes place in the North Atlantic and not in 
the North Pacific. However, in many regions where deep convection occun;, the difference between the criteria 
is very significant: for example, in the decade-long Bravo time series of TS measurements in the Labrador Ses, 
.bout a third of the observations fall between the two criteria. 

A DIAGNOSTIC STUDY OF THE EARLY PHASES OF 16 NORTH PACIFIC CYCLONES 

R.W.P. Kelly and l.R. Gyakum 
Department of Atmospheric and Oceanic Sciences, McGill University, Montreal, Quebec, Canads, H3A 2K6, (514) 
398-3764 

The difficulty in prediction and the devastating effects of explosive cyclogenesis are well known. Considerable 
effort has been msde in the past to unden;tand the mechanisms at work during the period of most rapid deepening. 
It is however being increasingly unden;tood that analysis of the period before the rapid development is of equal 
importance in the accurate prediction of explosive cyclones. 

This study uses quasi-geoslrophic diagnostics to compare 8 rapidly developing cyclones with 8 more weskly 
developing cyclones. These cyclones all underwent their period of most rapid deepening within a 5 degree latitude 
by 5 degree longitude rellion over the Kuroshio. 

A previous study of these cyclones showed considerable differences in the composite, synoptic and diagnostic fields 
of lbe two groups, at the time of commencement of most rapid deepening. This study extends the time period back 
36 honn; before 'this time and forward 24 boun;. An ensemble of anticyclone tracks for the early times shows. 
distinct preference for a downstream high for the stronger cases. This is supported by • similar result found .t 
500mb. Statistically significant wind asymmetries of the surface cyclones reflect this result too. The physical 
significance of a downstream high is the transport of warm moist air into the region of cyclogenesis. 

THE INNER BOUNDARY LAYER OVER A PRAIRIE LAKE 

Bernard C. Kenney 
National Hydrology Research Institute, 11 Innovation Boulevard, Saskatoon, Saskatchewan, Canada, S7N 3H5 

Evaporation from open water is an important component of the water budget in semi-arid regions of the prairies. 
A study on the effects of wind speed, spray from breaking waves, atmospheric stability and the advection of sensible 
heat on evaporation began in 1991. Experiments were conducted in the summer of 1991 in Quill Lake, 
Saskatchewan. The lake is shallow and roughly circular with a diameter of 20 km. Little or no vegetation exists 
On the 1 km wide mud fl.ts that ring the lake. The surrounding terrain is very flat (largely wheat fields with few 
trees). Vertical profiles of air temperature, humidity and wind velocity were measured at 10 minute intervals 
immediately downwind of the lake. Simultaneous profiles were msde at the upwind edge of the lake to establish 
incident stability conditions. A hydrometeorlogical tower recorded air temperature, humidity and net radiation over 
the lake as well as vertical profiles of temperature in the water column and in the lake sediments. Using results 
on the distribution of water vapour, temperature and velocity in the inner boundary layer, estimates of evaporation 
integrated across the lake will be presented. 
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!PIX RADAR - OCEAN AND METEROLOGICAL APPUCATION 

Vytas Kezys, Enrico Torlaschi, Brian Currie and Simon Haykin 
CRL, McMaster University 

The Communications Research Laboratory (CRL) of McMaster University has developed an X-Band research radar 
for use in ocean surveillance and radar meteorology applications. Features of this radar include Doppler, 
polarization and frequency agility. In addition, the system is extremely flexible and is transportable. An overview 
of the system and its capabilities is outlined. 

Results of experiments performed off the Newfoundland coast are also presented. These include measurements in 
both Doppler and polarization domains of sea clutter and floating targets as well as rain in the presence of sea 
clutter. In addition, preliminary polarization measurements of the bright band in stratiform rain will be used to 
illustrate the potential use of the radar in meteorology. 

A PREUMINARY EVALUATION OF THE ERS-I SAR SPECTRA USING TIlE IG (FIRST GENERATION) 
AND TIlE 3G (THIRD GENERATION) VERSION OF A SPECTRAL OCEAN WAVE 
MODEL 

M.L. Khandekar and R. Lalbebarry 
Atmospheric Environment Service, Downsview, Ontsrio 

Tbe ERS-I Synthetic Aperture Radar (SAR) wave spectra validation experiment was carried out over the Grand 
Banks region off Newfoundland from November 10-26, 1991. During this period, there were 12 ascending and 
descending ERS-l passes over a cross-over node located about 185 Ian southeast of St. Iohn' s, Newfoundland. The 
cross-over node was the principal validation site where in situ measurements were taken with three wave buoys (two 
directional Wavec buoys and one non-directional waverider buoy) and up to four meteorological buoys. The buoys 
were deployed at locations which coincided with a selected set of grid points of the Canadian Spectral Ocean Wave 
Model (CSOWM). Besides in situ measurements, a C-band SAR was flown aboard a Convair-580 aircraft on seven 
occasions which coincided with ERS-I sstellite passes over the validation site. 

A preliminary evaluation of the SAR -derived spectra aboard the satellite ERS-I as well as aboard the Convair 
aircraft is presented in this paper. The two sets of spectra are compared against the two dimensional wave spectra 
generated by the 10 and 3G versions of CSOWM. The CSOWM was driven by the boundary layer winds 
obtainable from the regional weather prediction model of the Canadian Meteorological Centre (CMC) in Montreal. 
The two sets of SAR-derived spectra are matched against model generated spectra to delineate differences and 
similarities. These differences and similarities are interpreted in the context of in situ measurements. 

ON THE INTERACTIONS BETWEEN SYNOPTIC SCALE EDDIES AND THE PNA TELECONNECTION 
PATTERN 

M. Klass, I. Derome and I. Sheng 
Department of Atmospheric and Oceanic Sciences, McGill University, 805 Sherbrooke St. West, Montreal, Que., 
H3A2K6. 

The kinetic energy exchanges between the synoptic scale eddies and the mean-monthly PacificlNorth American 
(PNA) anomaly patterns are investigated. This study involves 23 winters of upper tropospheric data for the 
Northern Hemisphere. Composites of synoptic scale momentum and vorticity fluxes are calculated separately for 
the positive and nellative phases of the PNA pattern. Maps of the Northern Hemisphere are produced to illustrate 
the locations of enerllY exchanges between the synoptic scale eddies and the mean-monthly flow during periods when 
the PNA pattern is strong and positive or strong and negative. The geographical distribution of eddy vorticity 
forcing and its interaction with the teleconnection pattern are shown. In particular, the steering effect of the PNA 
pattern on the synoptic scale eddies is illustrated. Calculations are under way to determine whether the height 
tendencies generated by the synoptic scale eddies are such as to reinforce or to weaken the PNA anomalies. 
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DOPPLER "FINGER" SIGNATURE: A CASE STUDY OF THE JUNE 29,1991 SUPERCELL 

Stephen Knott, Jean-Pierre Aubagnac and Mike Leduc 
Atmospheric Environment Service, 4905 Dufferin St., Toronto, Ont., Canada M3H ST4 

During the evening of June 29, 1991 a short lived supercell produced significant damage 40 km north of King City 
nuIat in southern Ontario. Satellite imagery shows this cell split near Georgian Bay with the "right mover" passing 
through nuIat coverage. One hour prior to supercell formation an anomalous "finger" of outbound velocities was 
observed at the location of the convective cell. This pattern has been observed in a number of previous cases under 
similar synoptic settings (Mike Leduc, 1991; Paul Joe, 1988). The lead time given by this signature has important 
implications to severe weather forecasting. Evidence presented will show that this doppler signature is characteristic 
of a mesolow which, combined with high helicity values, enhances the development of these warm frontal 
convective cells. 

SEVERE WIND DAMAGE DUE TO A REAR INFLOW JET: A CASE STUDY OF THE 28 MARCH 1991 
MESOSCALE CONVECTIVE SYSTEM 

Steve Knott, Catherine Denis Van de Velde' and Paul Joe 
Atmospheric Environment Service of Canada, 4905 Dufferin St. , Downsview, Ont., M3H ST4 
'Metea-France, Toulouse, France 

On the early mornings hours of28 March 1991, a mesoscale convective system with damaging winds passed through 
southern Ontario. Esrly in its life history, in Michigan, tornadoes were reported with this system while the damage 
in Ontario was attributed to straight line winds. A clue to the character change in the system may be due to a 
change in the environmental conditions described by helicity. Doppler nuIat and satellite observations showed that 
the system was decaying while in Ontario. The damage was attributed to a rear inflow jet observed on Doppler 
nuIat. This jet appeared to have its origins in the stratiform rain region trailing the leadini squall line. The sudden 
evolution of the jet and the damage pattern suggests a periodicity to the its formation. 

DYNAMICS OF A MATURE FRONT IN A UNIFORM POTENTIAL VORTICITY SEMIGEOSTROPIDC 
MODEL 

John N. Koshyk, Han-Ru Cho' 
Canadian Climate Centre, 4905 Dufferin St., Downsview, Ontario, CANADA, M3H 5T4 
'Department of Physics, University of Torooto, Torooto, Ontario, CANADA, M5S lA7 

Esrly models of atmospheric fronto&enesis have demonstrated the existence of solutions to an inviscid, 
two-dimensional subset of the equations for large scale atmospheric motion, that develop discontinuities after a finite 
integration period. These equations, known collectively as the semigeostrophic system, can be reduced to a Laplace 
equation with the aid of a coordinate transformation and thus can be treated analytically. 

In the study presented here, the solution of the semigeostrophic system forced by a horizontal deformation field, 
is extended beyond the initial formation of a discontinuity. The dynamical aspects of the time-dependent flow are 
compared to observational studies and results from more sophisticated frontogenesis models. Features of interest 
include the development of a low-level vertical velocity jet originating at the point of intersection of the discontinuity 
surface with the lower boundary. Other aspects of the model dynamics are also examined by considering the fields 
of potential temperature, alongfront wind, and Richardson number. 
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DISPERSION OF RHODAMINE FROM AN UNDERWATER DIFFUSER IN THE RIMOUSKl COASTAL 
ZONE. 

V. G. Koutitoosky and S. COltS 
Institut National de la Recherche Scientifique (INRS) - Oc6anologie, 310 All&o des Ursulines, Rimouski, Qc, 
GSL 3Al 

An underwater diffuser releases in the Rimouski coastal zone, at a location SOO m offshore where depths are about 
2 meters, some 25 000 liters of treated sewage water per minute. An experimental program was set up to measure 
the dilution of this sewage water as it reaches a marine natural resources park located along the shoreline, some 3 
1cm to the east of the diffuser. 

Results from current meters , lagrangian drifters, tide gages and a meteorological station, deployed in the region 
in order to understand the variability of the circulation, are presented. It is shown that waters from the site of the 
diffuser are advected to the marine park, under predominant wind conditions. 

A continuous release of Rhodamine wt from the diffuser, during one tidal cycle, was then monitored at sea with 
a fluorometer in order to quantify its dilution as it progressed away from the diffuser. It is shown that, for an 
orieinal Rhodamine injection concentration of 2500 ppb, the surface waters at the diffuser site have a concentration 
of about SOO ppb, implyine a I:S dilution. Three kilometers away from the diffuser, concentrations dropped to about 
SO ppb, implying an overall dilution rate of about I :SO. Provided the sewage waters contain toxic soluble materials, 
this rate is well under the rate of 1:200 which is often suggested for negligeable environmental impacts from sewage 
underwater diffusers. 

A NEW APPROACH TO CALCULATE COLLISION RATES FOR DROPLETS IN TURBULENT CLOUDS. 

Anna S. Koziol and Henry G. Leighton 
Department of Atmospheric and Oceanic Sciences, McGill University, 80S Sherbrooke Street W., Mootreal,_ Que. 
H3A 2K6. Tel. 514-398-3760 ,. 

, 
The role of turbulence in the formation of precipitation by the warm-rain process is still unclear. We have 
developed a method to systematically examine the effect of turbulence on the collision rates. In order to apply the 
stochastic coalescence equation, the probability of collisions between droplets is calculated by following droplet 
trajectories in turbulent flow. Scale analysis of the problem indicates that only the smallest scales of turbulence 
affect the collision process. The trajectory calculations constitute an initial value problem for two droplets interacting 
hydrodynamically under the influence of gravity which, additionally, are embedded in the external turbulent field . 

The turbulent field is assumed to be stationary, homogeneous and isotropic, and modeled as a series of random 
Fourier modes. The spectrum assumed is the Pao spectrum for the dissipation subrange. The hydrodynamic 
interactions between droplets are obtained by direct calculation of the hydrodynamic forces parallel and 
perpendicular to the line of center of the droplets. Both, no-slip and slip-flow boundary conditions are used. 

THE PERFORMANCE OF THE CANADIAN SPECTRAL OCEAN WAVE MODEL (CSOWM) DURING THE 
SAR "CALIBRATIONNALIDATION" EXPERIMENT 

R. Lalbeharry and M.L. Khandekar 
Atmospheric Environment Service, Downsview, Ontario 

During the "calibration/validation" experiment for the ERS-l Synthetic Aperture Radar (SAR) over the Grand Banks 
area off Newfoundland, a first-generation (IG) version of the CSOWM was run in real time, being driven by the 
boundary layer winds obtainable from the regional weather prediction model of the Canadian Meteorological Centre 
(CMC) in Montreal. The model generated wave products were transmitted in real time to the research vessel CSS 
Hudson which was involved in collectine in situ measurements at several locations within the ERS-l cross-ever 
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node, the principal validation site for the experiment. 

In this paper, preliminary results of the evaluation of the CSOWM against buoy measured wind and wave data are 
presented. For this evaluation, wave model products were generated by running two versions, IG (first generation) 
and 3G (third generation) of the CSOWM in a hindcast node using three-hourly winds which were archived during 
the field experiment. The evaluation will focus on the differences between the model products generated by the 1 G 
and 3G versions of the CSOWM. 

INTRASEASONAL VARIABILITY AND THE GREENHOUSE EFFECT 

Steven J. Lambert 
Canadian Climate Centre, Downsview, Ontario 

Doubled CO, simulations by the Canadian Climate Centre (Ccq general circulation model (GCM) show a decrease 
in the intraseasonal (25 day - 120 day) variability compared to the model's "base" or "I x CO," climate. The 
intraseasonal variability of the 500 mb geopotential, for example, displays a decrease of over 10 percent when 
averaged over the Northern Hemisphere and a decrease of nearly 15 percent over the Southern Hemisphere. 

The intraseasonal variability of the 500 mb geopotential of the GCM's base climate is compared to observations. 
The model's base climate is quantitatively similar to the observed field but exhibits only about one-half the observed 
values. 

The 500 mb geopotential is a relatively straightforward quantity to observe and a fairly long record of observations 
exists for the Northern Hemisphere. This record is examined for the decreasing trend inferred from the GCM 
simulations. 

AN ASSESSMENT OF THE WKBJ APPROXIMATION USED IN GRAVITY -WAVE DRAG P ARAMETERIZA­
TION SCHEMES 

Rene Laprise 
DcSpartement de physique, Universit6 du Quebec i Montr6al, B.F. 8888, Succ. A, Montreal (Quebec) H3C 3P8 

The vertical structure of topographically induced, infinitesimal amplitude internal waves in atmospheres with varying 
wind and stability profiles is studied with a numerical model. Despite its simplifications, this model nevertheless 
retains transient effects and internal reflections that may result from time and vertical variations of the index of 
refraction. It is shown that these two factors may lead to wave structures differing substantially from those obtained 
through the WKBJ approximation that nealects them. This is an important floding considering that the WKBJ 
approximation is always invoked in gravity-wave drag parameterization schemes implemented in virtually all large­
scale models today to account for the composite effect of subgrid-scale topographic disturbances. 

A NON-HYDROSTATIC MODEL IN HYDROSTATIC-PRESSURE COORDINATE 

Rene Laprise 
Departement de physique, Universite du Quebec i Montreal, B.P. 8888, Succ. A, Montreal (Quebec) H3C 3P8 

With the anticipated advances in supercomputing, numerical weather prediction models will soon be integrated at 
resolution such that non-hydrostatic effects could no longer be neglected. Tanguay, Robert and Laprise (Monthly 
Weather Review, 1990) have developed an efficient model for the integration of the Euler equations using semi­
implicit and semi-Lagrangian numerical techniques. Topography has since been incorporated in this model by Denis 
and Robert using a height coordinate transformation similar to that used by Clark in an anelastic model. An 
alternative coordinate termed "hydrostatic-pressure" coordinate appears to be quite convenient for implementing the 
semi-implicit marching scheme in a model based on the Euler equations. The field equations formulated in a 
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terrain-following version of this novel coordinste take a form which conveniently parallels that of ·sigma· 
coordinate hydrostatic models. 

RECOVERY OF UNOBSERVED VARIABLES FROM SINGLE-DOPPLER RADAR OBSERVATIONS 

St6phane Laroche et Isztar Zawadzki 
D6partement de physique, Universit6 du Qu6bec Il Montr6a1, B.P. 8888, Succ. A, Montr6a1 (Qu6bec) H3C 3P8 

In the next few years, many conventional radars will be replaced by Doppler radars. Thus, there is a need to 
develop techniques able to extract as much information as possible from Single-Doppler measurements. Recently, 
the adjoint technique (a 4D data assimilation method), has been proposed to retrieve the full three-dimensional wind 
and temperature fields around the radar site. 

The application of the adjoint technique for Doppler data processing will be presented using a simple two­
dimensional advective model. Observational and model errors as well as the problem of including boundary 
conditions as control values will be discussed. 

COMPARISON BE1WEEN CLOUD CHEMISTRY OBSERVATIONS AND SIMULATIONS 

L. Lauzon and H.G. Leighton 
Department of Atmospheric and Oceanographic Sciences, McGill University, Montreal 

Cloud chemistry models are needed to understand the relative importance of different species and processes that 
influence the chemistry of cloud and precipitation. To evaluate the level of confidence of a model, it is necessary 
to compare the results of simulations with field measurements. Observed temperature, humidity, wind and air 
chemistry profiles are therefore used to initialize a three dimensional convective cloud chemistry model, and 
afterwards the simulated aqueous phase concentrations are compared with cloud and rain water sample analyses. 
Tbe model includes detailed dynamical and microphysical processes and aqueous phase chemistry. Sulphur dioxide, 
nitric acid, hydrogen peroxide, ozone, ammonia and sulphate chemistry are present in the model. The observations 
used come from a field study undertaken in the Muskoka area during July-August 19~8. 

TEMPERATURE AND SALINITY CHARACTERISTICS OF BAlE DES CHALEURS. 

C. Le Quere and R. G. Ingram, M. EI Sabh' 
Dept. of Atmospheric and Oceanic Sciences, McGill University, 805 Sherbrooke st. W., Montreal, Quebec, 
Canada, H3A 2K6; 514-398-3758 
'Oceanography, University of Quebec at Rimouski, 310 Ursulines, Rimouski, Quebec, G5L 3Al; 418-724-1707 

Time series data of temperature and salinity from three current meters moored in 1988 at different locations along 
the north shore of Baie des Chaleurs, Gulf of St-Lawrence, were analysed to characterize the TS field including 
frequent upwelling events. Cross correlation analysis show moderate to high correlation between the three stations. 
The time lags observed suggest that the two eastern stations, Gascon and Bonsventure, experience the same event, 
propagated through a front, while the remaining station farther west, Carleton, would he a region of local upwelling. 
The dominant frequency of the upwelling events is 10 days which fits with meteorological forcing. The relation 
with wind as the driving mechanism is also discussed. 
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ANALYSE DE L'EFFET DES VARIATIONS HORIZONT ALES DES PARAMETRES METEOROLOGIQUES 
SUR LA CORRECTION TROPOSPHERIQUE DES DISTANCES TERRE-SATELLITE 

Jean-Guy Leclerc, Abdellah EI Abdi Elalaoui 
Departement des sciences geool!siques et de teledetection, Pavilion Casault, Universite Laval, Sainte-Foy 
(Quebec), Canada, GlK 7P4 

Veffet des parametres met<!orologiques (pression, temperature, humidite) sur la refractivite est bien connu. De 
fa~on generale, les corrections tropospheriques appliquees aux distances terre-satellite ne tiennent compte que des 
variations verticales des parametres met<!orologiques. Cette hypothese est generalement bien acceptee pour des 
distances terrestres qni sont en general in!erieures e 30 km. La mame hypothese est cependant discutable lorsqu'j) 
s'agit de distances observees sur des satellites terrestres. Pour une distance 2inithale de 900, la partie 
tropospherique d'une distance terre-satellite est d'environ 400 km lorsque la tropopause est e 16 km de la surface 
terrestre. La trajectoire suivie par I'onde electromagnetique subit I'effet des variations horizontaJes des parametres 
met<!orologiques utilisl!s dans Ie calcul de la correction tropospherique. 

L'objectif de cet article est d'analyser I'effet des variations horizontaJes des parametres meteorologiques sur Ie 
calcul de la correction tropospherique ainsi que de verifier I' exactitude des formules standards utilisees pour ce 
calcuI. La correction tropospherique est determinee, d'une part, par integration numerique avec une quadrature 
Gaussienne. L'indice de refraction Ie long de la trajectoire de propagation est evalue par Ie Krigeage universel 
transitif en utilisant des observations met<!orologiques de surface et dans I' espace. Les rl!sultats de cette integration 
numerique sont compares aux resultats obtenus par la formule de Saastamoinen pour differentes distances 
2inithales. Differentes configurations met<!orologiques sont utilisees atin d'evaluer I'effet des variations 
horizontaJes des parametres met<!orologiques sur la correction tropospberique ainsi que pour verifier l' exactitude 
des formules standards utilisees pour Ie calcul de cette correction. 

Les resultats preliminaires indiquent que les conditions atmospheriques doivent etre connues dans un rayon de 400 
km autour de la station d'observation si on dl!sire une correction tropospherique precise. Dans des conditions 
meteorologiques semblables, on constate egalement que I'imprecision des formules standards augmente avec une 
augmentation de la distance 2inithale et que cette imprecision peut atteindre 1 metre dans des conditions extremes. 

SOLAR RADIATION ABSORBED AT THE SURFACE FROM 5 YEARS OF ERBE MEASUREMENTS 

H. G. Leightun, Z. Li I 
Department of Atmospheric and Oceanic Sciences, McGill University, MontreaJ, Quebec 
I Aerospace Meteorology Division, Atmospheric Environment Service, Dorval, Quebec 

As a result of recent satellite-based observation programs, knowledge of the radiation budget at the top of the 
atmosphere (TOA) has improved substantially. In comparison, there has been relatively little improvement in 
knowledge of the surface radiation budget, even though radiation budgets at the surface are at least as important as 
TOA budgets. 

Based on extensive radiative transfer modelling a simple parameterization has been developed that relates the net 
solar flux at the surface to the scattered flux at the TOA. The validity of the parameterized relationship has been 
verified by comparing the net surface flux deduced from applying the parameterization tu ERBE measurements with 
the results of tower measurements. The parameterization was then applied to 5 years of ERBE radiances and 
ECMWF humidity data to obtain global climatologies of the net solar radiation at the surface on a 2.5"x2.5· latitude 
- longitude grid. In addition to the net solar radiation, shortwave cloud forcing at the surface and in the atmosphere 
are calculated from the solar radiation budgets obtained separately for clear and cloudy conditions. Spatial and 
temporal variabilities of these quantities are anslyzed, and global and zonal means of the solar radiation budgets are 
compared with values based on surface observations. 
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WSR-88D:MESOSCALE CHARACI'ER OF INTENSE WINTER STORMS 

Leslie R. Lemon', Larry r. Ruthi', David A. Imy' and Elizabeth M. Quoetone' 
'Paramax Systems Corporation, Great Neck, New York 11020, Telephone: (516)-574-3783 
'National Weather Service, Weather Service Forecast Office, Norman, Oklahoma 73069, Telephone: (405)-366-6583 
'WSR-88D Operational Support Facility, Operations Training Branch, Norman, Oklahoma 73072, Telephone: (405)-
366-6560 

The Weather Surveillance Radar-1988 Doppler (WSR-88D) previously known as NEXRAD has been used 
operationally in the United States for over a year at this writing. Although, data bave been collected only in 
Connecticut, Oklahoma, Florida, Virginia, and surrounding areas, a variety of weather events have been sampled 
and considerable mesoscale storm characteristics bave been revealed. These events include severe convective storms, 
as well as larger scale winter storms. Characteristics revealed include mesocyclones, associated complex gust front 
structure, supercellular reflectivity structure; a tropical-like, small, eye-associated winter storm circulation center; 
and less dramatic, mesoscale structures of other snow storms. Radar characteristics, especially the very high system 
sensitivity ensble observation of structures not previously observed. These features permit improVed diagnostics, 
understanding, nowcasts, and forecasts. While details of some of the convective storms bave appeared elsewhere, 
in this paper we will examine the structure of three winter storms, one on the U. S. mid Atlantic coast, and two 
in the southern Great Plains. Synoptic, subsynoptic, and mesoscale structural aspects of these storms as revealed 
by conventional upper air, surface, and radar-revealed detail will be shown and inter-related. 

CURRENT AND HYDROGRAPHIC V ARIABIUTY ON THE SOUTHEAST SHOAL OF THE GRAND BANK 

r.w. Loder and C.K. Ross 
Department of Fisheries and Oceans, Bedford Institute of Oceanography, Dartmouth, N.S. 

The structure and variability of currents and hydrography over the Southeast Shoal in spring-fall are described using 
moored measuremeots taken in 1986-89, hydrographic surveys, and hydrographic data obtained from the Marine 
Environmeotal Data Service. 

Current variance is dominated by the tidal-inertial band, with the vertical average of ~e principal M2 tidal current 
in reasonable agreement with the Petrie et al. (Atmos-Ocean, 1987) numerical model. Residual currents on the 
Shoal are generally westward at a few cm/s, in agreement with numerical model predictions (Greenberg and Petrie, 
r. Geophys. Res., 1988; Huknda et al., r. Geophys. Res., 1989) for steady flow of the Labrador Current into the 
region. The low-frequency current standard deviations are a few cm/s, with associated excursion standard deviations 
of order 5 km. 

The hydrographic observations show the seasooal developmeot of strong two-layer stratification with the following 
additional features: (1) the persistent occurrence of relatively-warm bottom water over the Shoal (Loder, Can. r. 
Fish. Aquat. Sci., 1991), but with varying structure and position; (2) interannual variations in salinity of neady 
I unit, apparently associated with Labrador Current variability; (3) a strong influence from Tropical Storm Charlie 
in August 1986, including a local surface temperature drop of nearly 10 degrees C; (4) occasional intrusions of 
Slope Water onto the Bank's southwestern slope; and (5) suggestions of isolated eddies occasionally moving across 
the Shoal. 

ANALYSE DE COMPOSES UV -PROTECTEURS PRESENTS DANS DES CULTURES DE PHYTOPLANCTON 
ET DANS DES EAUX MARINES. 

Lorrain, L. et S. Roy 
Centre Oc6anographique de Rimouski -INRS-Oc6anologie, 310 Allo!e des Ursulines, Rimouski, Qu!!bec G5L 3Al 

Suite aux suppositions r6centes concernant une d6pl6tion de la couche d'ozone dans I'MlnispMre nord, nous avons 
analyse les effets d'une augmentation des radiations ultra-violettes sur Ie phytoplancton marin. Deux ospeeos ont 
ete etudiees: Alexandrium excavatum, un dinoflagelle demontrant une forte absorbance dans la zone spectrale de 
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I'UV, et Tbalassiosira nordenskioldii, une diatom6e absorbant peu dans I'UV. Ces 2 especes sont communes dans 
I'estuaire et Ie golfe du Saint-Laurent. I..es acides amines de type mycosporioe (AAM) ont ete proposes comme 
un des priocipaux agents UV -protecteurs (Dunlap et aI. 1988). Ces composes ont ete separes et identifies par 
chromatographie Iiquide haute performance - spectroscopie II barrette de diodes chez les 2 esp<lces 6tudiees et dans 
des 6chaotillons d'eaux de surface recolto!s au priotemps 1992 dans Ie Saint-Laurent. I.e present travail montre 
egalement les effets sur 1a concentration et 1a composition d' AAM d'un supplement d'UV -A fourui en 
accompagoement a une lumiere blanche (neons) pendant plusieurs semaioes de croissance des cultures d'algues. 

ANALYSIS OF UV-PROTECTIVE COMPOUNDS IN ALGAL CULTURES AND MARINE WATERS. 

Recent speculations about ozone depletion over the Northern hemisphere have prompted us to look at effects of 
increases in UV radiation on marioe phytoplankton. Two algal species, common in the estuary and the gulf of St. 
Lawrence, were selected: A1exandrium excavatum, a dinoflagellate that possesses strong absorbance in the UV 
range, and Thalassiosira nordeoskioldii, a diatom with little absorbance in that range. Mycosporioe-like amino acids 
(MAAs) are compounds that have been proposed as UV-protective (Dunlap et aI. 1988). We separated and 
quantified by HPLC-PDAS the various MAAs present in the two algal species tested as well as in samples of surface 
waters collected during the spriog of 1992 in the St. Lawrence. The present work also shows the effects of daily 
exposure to UV-A-supplemeoted white light on the MAAs composition and concentration in the 2 algal species. 

BAROCLINIC FORCING OF THE MEAN ATMOSPHERE 

Murray MacKay, G. W. Kent Moore 
Department of Physics, University of Toronto 

The linearized quasigeostrophic potential vorticity equation is solved in a b-channel under conditions of uniform 
vertical shear but non-uniform static stability. This model includes both a tropopause and b and is thus considered 
more representative of the real atmosphere than the models of both Charney and Eady, while retaining a high degree 
of simplicity. The mean atmospheric response to the fastest growing normal mode is deduced by solving the 
Eulerian - mean equations. This analysis yields second order tendencies in the zonal mean temperature and zonal 
wind. In the centre of the channel these tendencies are consistent with Gutowsk's (1985,1989) notion ofbaroclioic 
adjustment. In particular, the vertical shear is reduced and the static stability increased in such a way as to eliminate 
the potential vorticity gradient near the surface and thus stabilize the flow as per the Charney - Stem theorem. In 
the northern part of the channel, however, a region of enhanced baroclioicity forms, with reduced static stability 
and enhanced vertical shear. This suggests the possibility of secondsry development at smaller scales, and may 
provide a dynamical mechanism relevant to certain types of polar low formation which are baroclinic in nature 
and tend to form north of the polar front. Indeed, Gutowski et al (1989 ) , and others, have found such 
development in non - linear primitive equation models of baroclioic instability. It is seen that linear quasigeostrophic 
theory captures much of the essence of the haroclinic adjustment hypothesis, which can be viewed as the end result 
of basic dynamical processes such as the heat flux convergence of the primary baroclioic wave. 

AN OVERVIEW OF MESOSCALE MODELLING IN CANADA: TODAY AND TOMORROW 

Jocelyn Mailhot 
Recherche en prevision numerique, Atmospheric Environment Service, 2121, route Traoscaoadienne, Voie de 
service Nord #404, Dorval, Quebec, H9P 113 

Over the past decade, regional-scale numerical models have gradually emerged as important research tools for 
increasing our understanding of mesoscale weather systems and for improving quantitative precipitation forecasts. 
In Canads, considerable work has taken place in both mesoscale model development and applications. Various 
groups are active Within the Canadian university community. Within AES, most of the operational forecasting and 
research work at the regionai- and meso-scale has been done in connection with versions of the regional finite 
element (RFE) model. Our modelling capabilities also include a meso- I cloudscale version of a nonhydrostatic, 
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anelastic model which can be nested into the mesoscale RFE model. 

An ovelView of recent mesoscale modelling development and research is given. The presentation is illustrated with 
results from recent modellinJ: work. Examples of applications are taken from a wide variety of phenomena 
including explosive marine cyclogenesis over the Atlantic and the Pacific, springtime continental cyclonic 
development, polar lows over Canadian waters, polar air mass transformation over the Gulf of Mexico, and the 
environment of summertime severe weather. An outlook at work being done for future versions of mesoscale 
models concludes the presentation. 

MEDITERRANEAN HEAT CONTENT AND FLUXES: 1950-PRESENT 

Bryan Marks 
Dalhousie University 

The semi-GlClosed nature of the Mediterranean sea makes it a useful test basin for studying water properties that 
might reveal trends or interannual variability. 

There exists much historical data for the Mediterranean. We have focused on developing an objective ansIysis 
scheme based on the Barnes algorithm to map out temperature time series from the data compiled in the NODC 
database. The time series of the heat flux bas been calculated and compared with the work of Garrett et al. (1991). 
These data are also being compared with the results of models being developed to represent the circulation in the 
Mediterranean. Results of the ansIysis and an outline of work to be done will be presented. 

ON mE NONLINEAR COUPLING BETWEEN SWELL AND WIND WA YES 

Diane Masson 
Institute of Ocean Sciences, Sidney, B.C. 

The effect of nonlinear coupling due to resonant interactions on a bimodal spectrum i. examined in the case of deep 
water waves. Following Hasselmann (1963), a swell decay time scale is first estimated for a monochromatic swell 
coupled with a typical wind wave spectrum. This time scale indicates that the nonlinesl coupling generally causes 
the swell to decay at a rate which decreases rapidly as the swell frequency moves away from the peak frequency 
of the short waves. However, it is also shown that the coupling mskes the swell grow at the expense of the local 
sea in the frequency range just below the peak frequency of the short waves. Estimation of the nonlinear transfer 
for a swell of finite bandwidth confirms these results, and also indicates a maximum coupling when the swell 
direction is ahout 40 deg. to the mean direction of the short waves. 

ON THE SALINITY BUDGET OF THE NORm PACIFIC OCEAN 

G.A. McBean 
Atmospheric Science Programme, Department of Geography, The University of British Columbia, Vancouver B.C., 
Canada V6T lZ2 

Salinity is one of the critical factors determininJ: ocean circulation and characteristics. The budget of salinity or 
freshwater for the North Pacific Ocean basin is considered. Based on hydrographic and related measurements across 
a section at 35 N, it is possible to compute the oceanic freshwater flux. This should be balanced by precipitation­
evaporation-river runoff north of the section and by flow through the Bering Strait. Uncertainty in precipitation 
estimates is a major difficulty. The other data can be used to provide limits on possible magnitudes of total 
precipitation. The salinity budget will be compared with recently published information on meridional heat flux . 
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VARIABILITY OF LIPID AND MORPHOMETRIC CONDITION INDICES OF INDIVIDUAL COD LARVAE 
(GADUS MORHUSj FORCED BY FEEDING REGIME IN THE LABORATORY 

S. McClatchie', G.L. Maillet', T.J. Miller" T. Herra', C.T. Taggart', K.T. Frank' and W.C. Legget' 
'Department of Oceanography, Dalhousie University, Halifax, Nova Scotia, Canada B3H 411 
'Biology Department, McGill University, Montreal, Quebec. 
'Department of Fisheries and Ocesns, NW Atlantic Fisheries Centre, St. John's, Newfoundland 
'Department of Fisheries and Ocesns, Marine Fish Division, Bedford Institute of Oceanography, Dartmouth, Nova 
Scotia 

Recent interest in lipid class measures of condition demand an assessment of this technique in relation to gravimetric 
and multivariate morphometric measures. We examined variability in triacylglycerol (TG) I sterol and 
morphometric condition indices of post-yolk sac cod larvae first starved and then fed copepod naupJii at realistic 
field concentration (100 particles )"). Before feeding, we starved larvae for 11 days after the modal batch date (4 
to 8 days after yolk sac resorption) to reduce condition. The duration of starvation brought larvae close to the point 
after which the effects of starvation are irreversible. Coefficients of variation in lipid condition (triacylglycerollste-
1'01) were 30-150 % (N = 18-85 individuals), compared with 10-25 % for dry weight. Eighty-six to 90 % oflarvae 
contained no detectable TG, even after feeding bad resumed for 6 days. Our assessment that TG was either not 
present or below the TLC-FID measurement threshold in small individually analyzed cod larvae shows important 
limitations of the lipid condition index. Principal components analysis revealed a hierarchy of factors describing 
variability among individual larvae: body area and gut dimensions accounted for more of the variance than dry 
weight, which in tum explained more of the variance than TG. Lipid classes alone provide less resolving power 
to assess changes in condition over a few days than do combined multivariate morphometric, gravimetric and 
biochemical indices when working with these very small, individual larvae. 

HETEROGENEOUS 0, LOSS IN THE STRATOSPHERIC POLAR 0, LOSS BUDGET? 

J.C. McConnell, G.S. Henderson' 
Department of Earth and Atmospheric Sciences, York University, Ontario, Canada, M3J IP3 (416) 736-2100 
'Department of Geology, University of Toronto, Toronto, Ontario, Canada, M5S 3Bl (416) 978'{)041 

The current chemical mechanism believed to be responsible for the depletion of ozone in the polar regions is 
perturbed gas phase chemistry involving reactions of CIO and CI,o,. The source of the perturbed chemistry is the 
reactions of C1,. and NO, species on polar stratospheric clouds (PSCs), type I and type II. However, recent studies 
have indicated that the current chemical mechanism believed to explain the Antarctic ozone hole is unable to 
completely account for the total column 0, loss observed in the spring. The 0, minimum observed in the spring 
is lower than that calculated even when all the odd chlorine is converted to active forms and allowance is made for 
bromine chemistry. Further, the rate of 0, depletion is likely to be more rapid than previously thought in light of 
the recent re-analysis of low zenith angle TOMS data which indicate that retrieved TOMS ozone levels are too low 
at high solar zenith angles. In order to reproduce the observed column 0, depletion the PSC processing region must 
be much larger than presently thought (17-20 km) or additional depletion mechanisms must be operating over this 
height range. One such mechanism that we consider is the heterogeneous 0, loss on the surface of atmospheric 
aerosols. We have proposed such a mechanism to explain 0, loss at the ground in the Arctic spring. A similar 
mechanism may operate in the polar stratosphere and involve direct destruction of 0, upon the surface of the H,S04 
aerosols which may be supercooled at the ambient low temperatures. In addition, concomitant production of CI, 
occurs in the presence of HCI which enhances the conversion of inert CI to active Cl. However, for the mechanism 
to openite in the polar stratosphere would require some sort of temperature dependence, such as the solubility of 
HCI in H,S04' so that the reaction occurs over a limited height regime. We will present results of a numerical 
study investigating t1Je possibility of such a mechanism and its impact on the 0, loss budget. Of course, these 
results must also be compatible with constraints involving H,SO, ozone interactions at other latitudes and we will 
address these constraints. 
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SIMULATION OF THE ASIAN SUMMER MONSOON WITH THE CANADIAN CLIMATE CENTRE GCM: 
SENSmVITY TO THE REPRESENTATION OF MOIST CONVECTION 

N.A. McFarlane and G.l . Zhang 
Canadian Climate Centre, Downsview, Ontario 

The monsoon circulation is the most prominent feature of the summer climate of India and Southeast Asia. The 
location and atructure of the Asian summer monsoon, as simulated by the CCC GCM, while broadly realistic, has 
systematic deviatioos from observed climatology. These biases are sensitive to the treatment of moist convection 
in the model. This paper provides a brief outline of recent improvements in the parameterization of moist 
convection in the CCC GCM and illustrates some of the effects of these on simulations of the monsoon. 

THE EFFECT OF VARIOUS DISDROMETER CALmRATIONS UPON THE MEASUREMENT OF 
RAINDROP-SIZE DISTRmUTIONS IN MALAYSIA. 

Greg M. McFarquhar and Roland List 
Department of Physics, University of Toronto, Toronto, Ontario, CANADA. MSS lA7 

Raindrop spectra with multiple peaks in number density have been frequently observed using loss-Waldvogel 
disdrometers. The relative heights of these peaks are similar to those of peaks produced when a Marshall-Palmer 
distribution is input to the disdrometer signal processing unit and caused by the discrepancies between the actual 
channel boundaries and the manufacturer specified channel boundaries into which raindrops are sorted. Thus,the 
peaks observed in the field are almost certainly instrument-related and are shown to be due to the manner in which 
a best tit curve is chosen to represent the calibration data. When analyzing data collected during Phases I and II 
of the loint Warm Rain Experiment of the Malaysian Meteorological Service and the University of Toronto it is 
seen that multiple peaks in the timer-integrated raindrop spectra appear when best fits of the calibration data are 
used, but only single peaks when a linear interpolation between calibration points is used. However, rainfall and 
radar reflectivity calculated from the best fits differ by at most 4%from that obtained using the linear interpolation 
between calibration points. < 

The implications of this worle on the utility of disdrometers for measuring raindrop spectra are discussed. A 
comparison of measured raindrop spectra with the results of numerical models, which independently show raindrop 
spectra with three peaks, will be made. 

OBSERVING ICE PROCESSES IN THE NEWFOUNDLAND MARGINAL ICE ZONE DURING CASP II, 
MARCH 1992 

R.F. McKenna', M. EI-Tahan" C.L. Tang', A. Cavanie', F . Gobin' 
'Institute for Marine Dynamics, NRCC, St. John's, Newfoundland 
'C-CORE, Memorial University of Newfoundland, St. lohn's, Newfoundland 
'Bedford Institute of Oceanography, Dartorouth, Nova Scotia 
'IFREMER, Plouzan6, France 

Experiments were conducted in the Newfoundland marginal ice zone (MIZ) during March 1992 to address the 
processes which influence the drift and decay of pack ice, to calibrate remotely sensed observations and to improve 
ice drift forecasts. The work was carried out as part of the Canadian Atlantic Storms Program (CASP II) from the 
research ship CSS Hudson. The present results focus on the region between latitudes 50° and SI°N, and longitudes 
52° and 48° W. Ice drift in the Newfoundland MIZ is influenced by many factors - winds, ice properties and ocean 
properties. A suite of instruments was deployed on an ice floe about 100 km west of the ice edge to collect ice 
velocity, wind, air temperature and water temperature/salinity data. In addition, three satellite tracked beacons were 
deployed in a triangular array to monitor ice drift. An intense storm passed through the area during the study period. 
The vertical current shear increased by a factor of two and the thickness of the mixed layer increased from 100m 
to 130 m. The data are used to explain the ice response to wind forcing in different ice and oceanic conditions. 
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The interaction between floes is a contributor to ice deterioration and a major influence on wave attenuation in the 
pack ice. It is also a factor in MIZ mechanics and ice drift. Motion packages were used to record the wave induced 
motion of individual floes with diameters of 10-50 m and ranging between 0.3-3.5 m thick. Three translational 
accelerations, two tilts and compass orientation were sampled digitally .t 62.5 Hz, and extensive use was made of 
video to estimate ice contact area during collisions and impact velocity. A pressure sensitive panel provided some 
direct measurements of contact area and allowed collision forces to be estimated by ignoring the influence of added 
mass. Maximum pressures averaged over contact areas of 0.2 m' were of the order of 1 MPa, while most pressures 
were an order of majplitude below this value. Waves propagated into the ice pack are a necessary contributor to 
collisions. Ice motion spectra 100-150 km within the ice pack show that waves are from the eastern ice edge and 
are dominated by swell with a period greater than 12 s. Floes collide and separate under wave induced motion; there 
is little evidence of elastic rebound and floes separate slowly following collision due to their position in the direction 
of wave propagation. When secondary collisions occur, it is through the transfer of angular momentum. 

Ice observations using the European Space Agency Satellite, ERS-I, are possible over a wide range of spatial scales 
using the different microwave sensors (SAR, scatterometer, altimeter, ATSR/M). During the cruise, several ship 
transects were made through the ice at 51 ON. Systematic ice observations made from the bridge compared well with 
high resolution video recordings made at different heights during helicopter flights. The important spatial variability 
in ice type and coverage illustrated by these observations will have to be considered when evaluating ERS-l' s 
remote sensing capabilities in estimating ses ice cover. 

The above mentioned processes and observations are important inputs to the Integrated Sea Ice and Iceberg Forecast 
System (IlFS) which is an ice data management and forecast syatem. This PC-based system consists of iceberg, sea 
ice and iceberg ensemble models, a database management system and mapping software. Starting with observed ice 
conditions, forecasts for periods of up to 48 hours are based on observed and forecast spatially varying 
environmental conditions. During CASP II, the IIFS was used to provide sea ice edge forecasts in real time which 
assisted in planning cruise activities. In sddition, research objectives focused on (1) evaluating the forecasts against 
actual conditions, (2) stodying the effects of currents, winds (gridded and site-specific), waves, air and water 
temperatures on the position of the ice edge, (3) comparing satellite-seused daily ice edge information with ship and 
helicopter transects and (4) processing all incoming real-time weather data for the IIFS. 

MEASUREMENTS OF THE MOTION, THICKNESS AND TOPOGRAPHY OF SEA ICE USING MOORED 
SUBSEA SONAR 

H. Melling 
Institute of Ocean Sciences,P.O. Box 6000, Sidney, B.C. V8L 4B2 

A self~ntained Ice-Profiling Sonar (IPS) has been developed which is capable of measuring, at very high 
resolution, the thickness of sea ice and its small-scale topography. The IPS can observe the ice cover throughout 
the year, monitoring seasonal changes in ice cover over track lines several thousand kilometres in length. A 
seif-<:ontained doppler sonar is operated in conjunction with the IPS to provide a horizontal spatial coordinate for 
the thickness measurements. Analysea of ice-profile data are providing ice-thickness statistics, and information on 
the occurrence of sea ice of extreme draft over the shallow continental shelf of the Beaufort Sea. A continued series 
of deployments over several years is allowing fluctuations in the ice thickness climate of the ares to be observed. 
Interpretation of the sonar data in conjunction with imagery obtained by visible, thermal and active microwave 
sensors on satellites is providing "ground truth" data for spaceborne systems. Differences between the sonar 
signatures of first-year and multi-year sea ice will be discussed. 
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POTENTIAL IMPACTS OF CO,-INDUCED CLIMATE CHANGE USING THE GISS, GFDL AND CCC 
SCENARIO ON CORN YIELDS IN ESSEX COUNTY REGION 

Constance M. Mitic', Alain A. Viau' 
'Department of Renewable Resources, Macdonald Campus of McGi\1 University, Ste-Anne-de-Bellevue, Qu&ec, 
H9X lCO 
'D~partement des sciencea g6ocI6siques et ~IM~tection, Universi~ Laval, Sainte-Foy, ~bec, G lK 7P4 

This study examines the effect of a CO,-induced climate change on com yield using a multivariate regression model 
in conjunction with tJuee Genenll Circulation Models; GISS, GFDL and CCC scenarios. A historical study over 
the baseline period from 1960 to 1990 inclusive, shows a very strong correlation between com yields and climate 
variables of precipitation, temperature and evapotranspiration. These relationships are then used to estimate possible 
changes in com yield as a result of changes in climate. 

The GISS and GFDL scenarios (without the inclusion of evapotranspinotion) estimate an increase in yields of 4.6 % 
and 2.1 %, respectively. However, when evapotranspinltion was included, the GFDL showed a decrease of 12.4 % 
while the GISS maintained an increase of 6.3 %. The CCC scenario also estimated a decrease in com yields by 
14.4 %. The genenllised effect of the combined scenarios is a decrease in precipitation for June, July, and 
September, and an increase in temperatures and evapotnlnspiration throughout the growing season. The net effect 
of these changes translates into water stress for com, especially in the critical stages of its development. The results 
of the study clearly indicate that irrigation systems are goinll to become even more important for the future 
cultivation of com in the Essex county region. Development of systems with the flexibility to accommodate changes 
in climate appears impenotive. 

TROPOPAUSE FOLDS AND THE DEVELOPMENT OF MESOSCALE STRUCTURE IN THE POTENTIAL 
VORTICITY FIELD 

G.W.K. Moore 
Department of Physics, University of Toronto, Toronto, Ootario, Canada 

• 
The geostrophic momentum approximation wi\1 be employed to investigate the mechanism of tropopause folding that 
occurs within upper-level fronts formed by the action of a stretching deformation fielain a non-uniform potential 
vorticity fluid. The tropopause, in such a fluid, is represented by a shallow layer in which there is a large chanlle 
in the potential vorticity. A fold is defined as a region in which the tropopause height is a multiple-valued function 
of the cross-front co-ordinate. Observational studies have demonstrated that tropopause folds form during 
frontogenesis as a result of the penetration of stratospheric air down into the troposphere. These studies have also 
shown that associated with the development of a fold is the genenotion of fine, mesoscale, structure in the potential 
vorticity field. 

Earlier studies of this phenomena within the context of semi-geostrophic theory have been hampered by the fact that 
the surface fronts"coUapse" before the upper-level fronts have had a chance to develop. In order to get around this 
difficulty, previous studies have relied upon either unrealistic cross-front temperature gradients or nascent folds (or 
both) to generate any appreciable development at upper-levels. 

In this paper, a different approach is used. It will be shown that the introduction of a cross-front gradient in the 
potential vorticity field allows one to specify an isentropic lower boundary condition. This allows one to study the 
frontogenetic processes active in the vicinity of the tropopause in isolation from those active near the surface. As 
frontogenesis proceeds in such a fluid, deep folds are indeed observed to develop. The structure and evolution of 
the folds will be shown to be remarkably similar to that of observed cases. In particular: it will be shown that the 
potential vorticity field has the same mesoscale structure as is observed. 
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MESOSCALE METEOROLOGICAL AND OCEANOGRAPHIC PHENOMENA IN TIlE NORTIl ATLANTIC: 
TIlE VIEW FROM SPACE 

G.W.K. Moore, J.R. Drummond, M. Mackay and J. York 
Department of Physics, University of Toronto, Toronto, Ontario, Canada 

In support of the second pbase of the Canadian Atlantic Storms Program (CASPII), the atmospheric physics group 
at the University of Toronto operated a ground station in Newfoundland capable of receiving the digital High 
Resolution Picture Transmissions (HRPT) from the Advanced Very High Resolution Radiometer (AVHRR) aboard 
the NOAA polar orbiting meteorological satellites. The ground station consisted of a 1.8 meter steerable parabolic 
dish, related acquisition hardware and a PC based image processing software. The one kilometer resolution of the 
High Resolution Picture Transmissions along with the ability of the system to track any satellite while it was above 
the horizon allowed for the reception of data as to mesoscale meteorological and oceanographic phenomena over 
the entire North Atlantic. In addition,In total, over 18 GigaBytes of data was received and archived by the ground 
station during the CASP II field experiment. 

In this paper, we will present a broad overview of the various phenomena that we observed. Among the 
meteorological phenomena that will be discussed will be examples of: convection forced by localized heating in the 
open leads in the sea ice, modification of the arctic air mass by its passage over relatively warm surface waters of 
the North Atlantic, turbulent jet streaks forced by katabatic air flow down the fiords of Greenland, extra-tropical 
cyclones and their embedded mesoscale structure, and polar lows in the Labrador Sea and in Hudson fS Bay. 
Among the oceanographic phenomena that will discussed will be examples of Gulf Stream ring formation and 
dynamical instabilities along the northern frontal boundary of the Gulf Stream. 

AN AVHRR l-KM NORTIl AMERICAN CONTINENT DATA SET FOR GLOBAL CHANGE MONITORING 

Claude-Roger Morasse, Josef Cihlar' 
INTERA KENTING, 1547 Merivale Road, 4'" Floor, Ottawa, Ontario, KIA OY7 
'Canada Centre of Remote Sensing, 1547 Merivale Road, 4'" Floor, Ottawa, Ontario, KIA OY7 

Global change research studies require large intercontinental data sets. The availability of reliable and timely 
information is necessary for monitoring vital signs of our environment. The basic data requirement for a global 
coverage is medium-resolution dataset, presently obtainable from the Advanced Very High Resolution Radiometer 
(A VHRR) data at a nominal resolution of 1 km. Such data can be used to derive baseline information on vegetation 
distribution and land cover change. 

The EROS Data Center (EOC) of the U.S. Geological Survey and the Canada Centre for Remote Sensing (CCRS) 
have initiated programs to produce periodic A VHRR 1-km data sets for national coverage over the past several 
years. The compositing process at both centres is based on preferred selection of pixels from daily A VHRR scenes 
over a specified period of time to minimize cloud cover and emphasize maximum vegetation greenness over regional 
and continental land areas. This process is refered to as maximum NOVI compositing. 

Through a joint effort between CCRS and EOC, a coordinated processing approach was defined and a prototype 
NOVI composite A VHRR data set of the North American continent was produced at l-km resolution. The project 
has demonstrated international collaboration in the development of consistent satellite-acquired data sets for global 
change studies. 

The fina1 result of the joint project is a l!k1ay composite image of North America (with the exception of the 
northern portion of the Canadian Arctic, northeastern Greenland, islands east of Puerto Rico, and the extreme 
western portion of the Aleutian Islands). Two outputs have been produced .from this composite data so far: an 
NOVI classified map, and a pseudo-natural colour image-map. The data set will be also available in a variety of 
other products, including a digital version in the Global Change Encyclopedia which is in preparation under the 
coordination of the Canadian Space Agency and CCRS. 
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EVALUATION DU MODELE DE VENT A LA MESOECHELLE BOLON 1 DANS LA VALLEE DU 
ST-LAURENT 

Gilles Morneau et Michelle Hardy 
Service de l'Environnement Atmosph6rique, Environnement Canada, Ville St-Laurent (Quebec) 

Le reseau de stations II la mesoc!chelle deploye par Environnement Canada Ie long du St-Laurent 10'" de 
1'6venement Quc!bec 1534-1984 a etA! utilise! pour evaluer Ie mod~le de vent BOLON 1 entre Donnscona et 
l'IIe-aux-Coudres. Ce modele Ii la mc!soc!chelle est bi-dimensionnel, ne requiert qu'un minimum de donnees 
initiales et fonctionne sur miCr<Hlrdinateur. Ces qualites Ie rendent apte Ii atre utilise! en m6tc!orologie 
opc!rationnelle pour la prevision des vents de surface II I'c!chelle mc!so. Une etude de sensibilite du m~le a 
d'abord etA! monee relativement II deux parametres initiaux requis: la longueur de rugositA! et Ie vent au-dessus 
de la coucho limite. Les rc!sultats demontrent que Ie vent au-dessus de la couche limite est un parametre tres 
important. II faut apporter un soin particulier dans son estimation. Le m~le a par la suite etA! execute sur environ 
soixante cas de I'etc! 1984 afin de determiner son habitete Ii prevoir les vents modc!res II forts sur Ie fleuve et Ie 
long des cOtes. Les statistiques de base ainsi que les indices de post-concordance et de pronostic ont ctc calcules 
en comparant les vents prevus avec plus de 400 observations disponibles. 

LOW-FREQUENCY OCEANIC VARIABILITY UNDER SEASONAL FORCING 

P.G. Mye"" A.I. Weaver 
Department of Atmospheric and Oceanic Sciences, McGill Unive",ity, 80S Sherbrooke W., Montreal, 
P.Q., H3A 2K6 

A series of numerical experiments are conducted usine the Bryan-Cox Ocean General Circulation Model to 
investigate the potential existence oflow-frequency variability of the thermohaline circulation under seasonal forcing. 
Experiments are performed with different combinations of a seasonal cycle being present or not on the restoring 
temperature, the surface freshwater flux fields (mixed boundary conditions) and the surface wind forcing. Despite 
the presence of the forcing on the dominant seasonal timescale, it i. found that the system may oscillate at the 
decadal period or longer. The decadal variability is excited by changes in the net surface density flux which are due 
to the advection of temperature and salinity anomalies in the model domain. lb.e magnitude of the seasonal cycle 
also play. an important role in determining the timescale of variability. Violent overturning events may occur on 
the century timescale under seasonal forcing. The magnitudes of the flushes are reduc&l compared to those found 
in similar experiments without the presence of a seasonal cycle. 

SPATIAL COHERENCE OF VARIATIONS IN ANNUAL PRECIPITATION TOTALS IN SOUTHEAST 
LABRADOR 

Iohn P. Newell 
#7-131 Traynor Ave., Kitchener, Ontario, N2C 2M6 

The density of precipitation monitoring sites in northern Canada is extremely low and the few sites that do exist are 
generally .itusted in coastal locations. The degree to which these sites can be taken as representative of conditions 
in surroundine regions and especially of conditions further inland is not well documented. This study makes use of 
precipitation data from four principal climate stations and runoff from four gauged river basins to examine the 
spatial coherence of variations in annual precipitation/runoff across southeast Labrador. The runoff data was 
considered as a proxy measure of annual precipitation. Both types of data were converted to standardized departures 
from the mean to facilitate comparisons between the precipitation and runoff data sets. 

The premise of the study is that a high degree of correlation between the sites would indicate a spatially coherent 
pattern of variations in annual precipitation across the region. Analysis of the data base revealed that the correlation 
between sites is not simply a function of separation. Cluster analysis demonstrated that inland sites, irrespective of 
their type, are more strongly correlated with each other than with coastal stations. Annual precipitation/runoff at 
the interior sites was significantly correlated over distances of more than 200 \em, while the site with the most 
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exposed coastal location was poorly correlated with all other sites in the region. Taken to their fullest extent these 
findings suggest that the precipitation regime over much of Canada north of 50 ON is poorly represented by the 
existing climate network, which is predominantly composed of coastal stations. 

ON EQUATORIAL KELVIN WAVES IN NUMERICAL OCEAN MODELS 

Max K.F. Ng and William W. Hsieh 
Department of Oceanography, University of British Columbia, Vancouver, B.C. V6T IZ4 

Numerical global ocean models tend to poorly resolve many smaller scale phenomena. Equatorial Kelvin waves 
which are responsible for the onset of EI Nino have a longitudinal e-folding scale of only 250 km, and their 
resolvability in conventional coarse-resolution global models is therefore questionable. We report on the behaviour 
of equatorial Kelvin waves in finite-difference models with the Arakawa B or C grids by first considering the 
inviscid case and then the Rayleigh damping case. Analytic solutions for these finite-differenced equatorial Kelvin 
waves are found in terms of modified Bessel functions. Potential applications of this theory include estimating the 
accuracy of zooa1 heat transport by the Kelvin wave during an EI Nino in numerical models, and generalizing the 
finite-difference effects to the equatorial current system. 

A STUDY ON THE ANNUAL VARIABILITY OF TROPICAL MARINE Sc AND ITS RELATIONSHIP WITH 
ATMOSPHERIC AND OCEANIC SEASONAL CHANGES 

L . Oreopoulos and R . Davies 
Department of Meteorology, McGill University, Montreal, PQ, Canada H3A 2K6 (514) 398-3651 

The strong negative radiative forcing of the marine slralocumulus (mSc) clouds and the sensitivity of the top of the 
atmosphere (TOA) radiation budget to changes in their amount is qualitatively well recognized. As cloud 
climatologies and ERBE - measured albedoes (a) show, there is a strong seasonal cycle of mSc cloud amount in 
the 50 regions off the west coasts of Africa and South America and this cycle is almost out of phase with that of 
the sea surface temperature (SST). 

We estimate the field of cross-<:orrelations (CC) for different time lags between monthly ERBE albedo and CAe 

SSTs and the field of &/aSST at the above regions (using temporal variability). The spatial variability of albedo 

and SST is also large enough to allow us examine if the same type of anticorrelation exists in a spatial sense, i.e. 
if more clouds are formed over the colder grid elements. Similar analysis can also be applied for the air 
temperature (AlRT) and dew point temperature (DPT) at 2m which follow the SST in its seasonal cycle. We also 
explore the existence of correlations between the differences AlRT-SST & AlRT-DPT and albedo. We summarize 
our results as follows: 

The field of CC and &/CISST has its maximum (absolute) values in the limited area covered by mSc and reveals 

a strong seasonality. The spatially averaged maximum of CC is at a lag of -I month for the South America mSc 
(clouds leading SSTs) and at 0 lag (contemporaneous correlation) for the Africa mSc. There is no anticorrelation 
in a spatial sense for individual months. This fact suggests a decoupling between SST and albedo, driven by 
seasonal changes in other factolS, for example, ocean current induced upwelling for the former, and Haldey cell 
movement for the latter. The role of AlRT-SST and AlRT-DPT which have no conspicuous seasonality is not clear 
at least in a climatological sense. 

110 



RADIATIVE FORCING OF OPTICALLY THIN WATER CLOUDS, HAZE AND DUST LAYERS 

Mario M. Ouellet and Olen B. Lesins 
Atmospheric Science Program, Dalhousie University, Halifax, Canada 

Thin clouds, which are defined here IS layCl1l for which single scattering i. valid, contain very small amounts of 
condensed water but are still able to modify the radistion stream significantly. Typical formation mechanisms include 
detrainment or downwind shearing from precipitating systems and radiative cooling from the top of a moist layer, 
the releuc of volcanic material into the stratosphere and the presence ofhsze in an inversion-eapped boundary layer. 

LOWTRAN 7 i. used to compute the spectrall-adiative fluxes with a resolution of 10 cm -1 for a given cloudless 
atmospheric sounding. A thin, horizontally uniform cloud, with a given depth, liquid water content and droplet size 
distribution is added and the perturbation of the radistive fluxes are computed using Mie theory. Using a two-stream 
approach the model computes all the incoming and outgoing fluxes for the solar and terrestrial components from 
which the heating rate for the cloud layer is computed and compared to the cloudless CISC. 

Results show that the introduction of an optically thin layer usually lesds to a positive radiative feedback that cools 
the layer even further, thus promoting the condensation process. The exception comes when the layer is capped by 
a strong temperature inversion, such IS is common near the ground in winter or arctic cues, where heating is 
expected. Maximum cooling can reach several degrees per day under the single scattering ISSUmption. 

COMPUTING DRY DEPOSmON VELOCmES OF 03 AND C02 FROM MEASUREMENTS OF THEIR 
VARIANCES 

Jacob Padro 
Atmospheric Environment Service, 490S Dufferin Street, Downsview, Ontario, M3H ST4, Canada 

An alternative method to the eddy correlation technique for estimating surface fluxes of trace gases i. investigated. 
Estimates of surface fluxes and dry deposition velocities are estimated from two separate variance-flux equatioos 
and are compared with observations. The first equation relstes the flux of 03 or C02 to either thst of the 
temperature and its variance or water vapour and its variance. The results show that the estimated fluxes compare 
better with the observatioos when the water vapour flux and its variance are used in the equation instead of the 
temperature flux and its variance. The second flux-variance equation makes use of an empirical universal function 
of stability (~ZIL» that represents the non-dimensional normalized variance of the trace glS. The form of this 
function for 03 is shown to vary from site to site and can be optimized by adjusting its two constants. It is 
demonstrated that by adjusting the constants with local data, the estimates of the dry deposition velocity of 03 can 
be made to agree better with the observations. The measurements for the present study were made over a deciduous 
forest in Ontario in the summer of 1988 and in the winter of 1990 and over the heterogeneous surface oflake Kinoje 
in the northern Ontario wetland region during the summer of 1990. 

THE THUNDERSTORMS OF 8 JULY 1989 IN THE NORTHERN GREAT PLAINS 

Alexander H . Paul' ,Dan E. Blair> 
'Department of Geography, University of Regina, Regina, SISk., S4S 0A2 
lDepartment of Geography, University of Winnipeg, Winnipeg, Man., R3B 2E9 

This paper analyzes in detail an outbreak of severe thundCl1ltorms in southeastern Saskatchewan, southern Manitoba 
and North Dakota. Unexpectedly severe wind damage, extensive crop-hail losses and very rapid translatory motion 
charaoterized these storms. Data and information are derived from official meteorological sources such IS westher 
stations, cooperative observe", and regular publications including the Monthly Record and Storm Data; and from 
unofficial sources such as local newspapClll, crop-hail insurance records and private individuals. Multi-million-dollar 
damages were incurred even in this largely rural region, and the nature of the devastation at some localities was 
suggestive of tornado occurrences. Despite the advent of westher radar, an effective weather-watcber network 
throughout the study ares, and an adequate job of forecasting on both sides of the Canada-U.S. border, many local 
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residents were unaware of the significant thteat which they faced. The paper concludes with some observations on 
the problems at the general public's end of the weather wsming issuance.<Jissemination-receipt-protection sequence. 

A REAL TIME WEATIIER FORECAST DATA BASE FOR POWER SYSTEM APPLICATIONS 

1. Karl Pavasars and Klaus H. SchaedJich 
Ontario Hydro, System Operation Department, Power System Operation Division 

A forecast of weather conditions is critical for tho safe and economical operation of a power system. Site and time 
specific forecasts of temperature, humidity, wind direction, wind speed and illumination are integral to calculations 
of transmission line loading, transformer limits and generation demand planning. 

At any instance, the ambient weather conditions and a forecast of weather conditions for the next several hours are 
required for any stretch of high voltage transmission line or for any high voltage transformer. A forecast of the 
probability of adverse weather conditions such as IighlDing, icing and damaging winds must also be available. In 
addition, a forecast of hourly weather conditions for the next ten dsys is required on a daily basis for several sites. 

The requirement for coverage of a broad spectrum of weather parameters on an hourly basis, for a great number 
of sites, spanning almost the entire area of the province of Ontario, has prompted the development of a real time 
weather forecast data base. 

The real time weather forecast dsta base is a relational data base, managed with the EMPRESS data base 
management system. Data is stored in tables, also called relations, in row and column formal. A station table holds 
the values of weather forecast parameters for most of the weather observing stations in Ontario for which model 
output, model output statistics (MOS) or perfect prog (PP) guidance products are available. A grid square table 
holds the values of weather forecast parameters for 102 grid squares, covering the entire area of the province of 
Ontario and forming a small subset of the CMC Spectral model grid. 

Forecast data from the CMC Spectral and NMC MRF model., as well as MOS and PP guidance products are 
decoded upon arrival. 1be processed forecast data is then stored in the station table and the grid square table. 
Objective analyses of the various fields tbroueh interpolation techniques ensures that the forecast data is spatially 
and temporally consistent for each station and for each grid square. 

The forecast data in the station table and the arid square table is adjusted for issue-time influences and mesoscale 
influences. The issue-time adjustment ensures reliable nowcasting by adjusting the values of weather parameters 
to trend from the observed values of the past hour. The mesoscale adjustment consolidates human forecasting 
expertise and climatological characteristics into coded empirical routines and future artificial intelligence 
applications. 

Coded empirical routines are used to calculate values of weather parameters from characteristic weather parameter 
values of model output, MOS and PP guidance products based on numerical or theoretical equations. Such routines 
include the calculation of illumination from opacity forecasts and stability indices from temperature and dewpoint 
forecasts. 

Artificial intelligence applications under development will be used to calculate values of weather parameters that 
are mesoscale influenced. Such applications will include the prediction of values of temperature, wind direction and 
skycover for lakelland breeze scenarios. 

The rea1 time weather forecast data base allows for real time verification of all of the forecast data. A quality index 
for the values of weather parameters from model output, MOS and PP guidance products and coded empirical 
routines is calcuJated on an ongoing basis. The quality index is utilized to select the best source of forecast data 
from any one ~f the availsble sources. The quality index also identifies weather parameters which may require 
additional human forecasting expertise or recalibration of their derivational empirical codes. 1be fina1 value of any 
weather parameter requested from the real time weather forecast data base by an application or a forecaster is the 
best available for that time and location, as based on a quality indexed selection criteria. 

112 



VARIATIONS IN THE SCOPE FOR GROWTH OF MYA ARENARJA IN AN ESTUARINE ENVIRONMENT. 

Pellerin-Massicotte, 1oce1yne, L. BoIll1lB88, B. Vinceut & A. DagoauJt. D6partement d'Oc6anographie, Universit6 
du Quebec i Rimouslti, 310 A116e des UrsuIines, Rimousld, QOObec, GSL 3Al. 

We studied the variations in the scope for growth and the O:N ratio of the clam Mya arenaria according to the 
spatial position in the intertidal zone of the St. Lawrence maritime estuary. Filtration rate was higher in clams 
inhabiting the upper level, probably due to a compensatory process occurring with reduced immersion periods. 
Assimilation efficiency, NH. excretion, 0, consumption and biochemical composition varied on a seasonal basis, 
while the scope for growth and O:N ratio were similar for both groups. Observed differences in gr9wth of clams 
according to spatial position, could then not be explained by variations in physiological responses. We conclude 
that clams inhabiting the upper level have a higher phenotypic plasticity leading to faster acclimation to 
environmental changes. 

VARIATIONS DU POTENTIEL DE CROISSANCE DE MY A ARENARIA DANS L'ETAGE INTERTIDAL DE 
L'ESTUAlRE MARITIME DU SAINT-LAURENT. 

Nous avons 6tudie les variations du poteatie1 de croissance et du rapport O:N chez Mya arenaria, sur une hase 
saisonniere, et en fonction de la position dans i'etage intertidal de I'estuaire maritime du Saint-Laurent. Les myes 
du haut de plage avaient un taux de filtration superieur, qui s'expliquerait par un phenom~ne compensatoire 
resultant de periodes d'immersion plus courtes. L'efficacite d'assimilation, I'excretion de NH" la consommation 
d'02 et la composition biochimique variaient sur une hase saisonniclre tandis que Ie poteatiel de croissance et Ie 
rapport O:N demeuraienl similaires pour tous les groupes. Les diff6rences spatiales dans la croissance des myes 
ne peuvent done s'expliquer par des variations des reponses physiologiques. Nous concluons que les myes du haut 
de plage ont une plus grande plasticite phenotypique qui s' exprime par une acclimatation plus rapide aux 
changementa environnementaux naturels. 

A MODELLING STUDY OF THE ATMOSPHERIC IMPACT OF SEA SURFACE TEMPERATURE 
ANOMALIES IN THE MID- AND mGH-LATlTUDES OF THE NORTH ATLANTIC 

S. Peng, H. Ritchie·, L. A. Mysak 
Centre for Climate and Global Change Research and Department of Atmospheric and Oceanic Sciences, McGill 
University, Montr6al, Quebec, H3A 2K6 
"Recherche en Prevision Numerique, 2121, voie de Service nord, #500, Route Trans-canadienne, Dorval, Quebec, 
H9P 113 

A previous study (peng and Mysak) of SST (sea surface temperature) in the northern North Atlantic, SLP (sea level 
pressure) over the high latitude Northern Hemisphere and precipitation and runoff in Siberia using 50 years of data 
(1930 - 1979) suggested that there are significant correlations among these variables. Positive (negative) winter SST 
anomalies in the northern North Atlantic are related to less (more) precipitation, and hence less (more) runoff in 
Siberia. 

In order to further assess the impact of Atlantic SST fluctuations on the high latitude atmospheric circulations, 
experiments are conducted using the global spectral model at RPN (Recherche en Prevision numerique). Analyses 
from these experiments will be presented. In particular, the roles of SST anomalies in the 
Icelandic-Norwegian-Barents Seas in the movement and development of cyclones over these regions and in the 
variations of precipitation over Siberia will be discussed. 
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LONG-TERM TEMPERATURE AND SALINITY VARIABILITY ON THE SCOTIAN SHELF AND IN THE 
GULF OF MAINE 

B. Petrie, K. Drinkwater and R. Pettipas 
Department of Fisheries and Oceans Pbysical and Chemical Sciences BranclI, Bedford Institute of Oceanography, 
Dartmouth, Nova Scotia, Canada, B2Y 4A2 

• 
Examination of historical data (1946-1988) from Emerald Basin on the Scotian Shelfhas reves1ed a large component 
of the temperature variability at all depths occura at very long periods (10-20 y). The pattern of this variability is 
similar at all depths but was found to be of greatest amplitude in the subsurface waters below the cold intermediate 
layer (> 100 m), pointing to the slope water from reeioQS offshore of the continental shelf. Comparison with data 
from the Gulf of St. Lawrence to the Gulf of Maioe shows similar temperature trends, indicating thst the observed 
variability is part of a broad scale, coherent ocean climate fluctuation. Interannual variability of salinity from the 
Bay of Fundy and the slope water region is also discussed. A simple model involving advection and lateral mixing 
in the slope water is developed. It can account for some of the very low frequency variability. 

SIMPLE 1WO-LAYER CIRCULATION IN THE ARCTIC..(lREENLAND SEA BASIN 

S. Piacsek, R. Allard 
Naval Research Laboratory, Stennis Space Center Detachment, MS 39S29, USA 

The ocean circulation has been studied in _the Arctic Basin and in its marginal seas by simple 1- and 2-layer 
hydrodynamic models. These included a reduced gravity, a rigid lid barotropic and a free-surface Hayer model 
with bottom topography. The motivating factor was the attainment of high horizontal resolution and a delineation, 
in simpler terms, of the basic response to the atmospheric forcing and of the topographic effects. For the free 
surface case an ADl-type method was developed thst allows bypassing the CFL condition associated with the surface 
gravity waves without resorting to a Helmholtz solver. An interesting momentum balance was found in the 
barotropic case near the pole, where both beta and the divergence of transport lind velocity vanish over flat terrain. 
Some of the observed currents (e.g. East Greenland) show up only marginally, possibly due to the fact that they 
are primarily density-driven. Resolution was also fond to be an important ingredient, with a minimum of 30km 
required to represent some of the currents (e.g. West Spitsbergen Current). 

CYCLONE CLIMATOLOGY OF SOUTHEASTERN CANADA AND ITS RELATION TO SCALLOP FISHERY 

Maria Cintia Piccolo and Mohammed 1. EI-Sabh 
Centre Oceanographique de Rimouski, D6partement d'Octlanographie, Uoiversit6 du Qu6bec a Rimouski, 310, 
a\l~ des Ursulines, Rimouski (Qu6bec) GSL 3Al 

The scallops fishery in eastern Canada are characterized by large year-to-year fluctuations in harvest. While some 
of this variability can be attributed to chanees in fishing pressure, there is general agreement that a strong 
component of natural variability is present. Recruitment mechanisms involving meteorological forcing are known. 
Therefore, annual, seasonal and monthly cyclone, cyclogenesis and cyclolysis frequencies were tabulated for 25° 
latitude by So longitude grid ce\ls for the years 1972-1990. It was found that cyclones over the study area bave an 
averaee period of 10-11 days with different mean patterns in summer and winter. More cyclones are found in 
winter with a decrease in their numbers with latitude in all months. An EOF analysis was performed for the 24 
grid ce\ls. The first eigenvector showed the cyclone frequency variability of the SI.Lawrence Gulf and surroundings 
areas. The second eigenvector contrasted cyclone frequency in Atlantic ocean waters with continental zones. 
northward the SI.Lawrence river. Regression analysis was used to investigate the effect of annual and seasonal 
cyclone frequency on scallop fishery. The results indicate that fluctuations could be related to changes in cyclone 
frequencies. 
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CYCLONE TRAJECTORIES IN CCC GCM SIMULATIONS WITH DOUBLED CO, 

Vladimir Pierre-Lys, Peter Zwack and Ren6 Laprise 
D6partement de physique, Universit6 du Qu6bec a Montreal, B.P. 8888, Succ. A, Montreal (Qu6bec) H3C 3P8 

The climatology of cyclone trajectories in simulations performed with the Canadian General Circulation Model is 
studied. Comparisons are made between integrations performed under normal and doubled CO, concentrations, and 
between the simulated climate and the NMC analyses of observed data. 

A MASS-CONSERVING SEMI-LAGRANGIAN NUMERICAL TRANSPORT SCHEME 

Andre Plante et Rene Laprise 
Departement de physique, Universite du Quebec a Montreal, B.P. 8888, Succ. A, Montreal (Qu6bec), H3C 3P8 

The semi-Lagrangian (SL) advection scheme introduced in meteorological models by Robert (AtolOs. Ocean 1981) 
has gained increasing popularity in the numerical weather prediction community for the computational savings it 
afforda over Eulerian schemes. An interesting side advantage of the SL is that it reduces substantially the numerical 
disperaion errors of Eulerian schemes; for thi. reason, a number of otherwise Eulerian models employ SL 
techniques for mass transport, includinll water vapour and trace substances. For general circulation models, the 
conservation properties of. numerical scheme· can be just as important as its formal accuracy. In its usuaJ form, 
the SL scheme does not conserve mass. A variant of the SL has been developed to ensure mass conservation: the 
Semi-Lagrangian Integrated-by-Cell (SUC) scheme. Results are presented on the application of SUC scheme in 
one and two dimensions. 

REMOTE SENSING AND MESOSCALE BIOLOGICAL PRODUCTIVITY 

Trevor Platt 
Dept of Fisheries and Oceans, Biological Oceanography division, Bedford Institute of Oceanollrapby, P.O. Box 
1006, Dartmouth, N.S., B2Y 4A2 , 

Satellite observations of ocean colour at selected wavelengths have made it possible to map near-surface distribution 
of phytoplankton pigment at the global scale. The advantage of remote sensing in providing synoptic coverage of 
large-scale surface features is incontestable. But the estimation of primary production from these data requires 
additional information inaccessible to present-day satellite remote sensing, such as the parameters for conversion 
of biomass to growth rates, and the parameters describing the vertical structure of biomass. The value of remote 
sensing is enhanced considerably if the satellite data can be combined with in situ data to provide the missing 
information. Since satellite and in situ data are collected at very different time and space scales, conceptual schemes 
are necessary to render the two data sets compatible. The idea of bio-aeochemical provinces has proved to be very 
useful in this context. 

THE EFFECT OF ALONGSHORE TOPOGRAPHIC VARIATION AND BOTTOM FRICTION ON SHELF 
WAVE INTERACTIONS 

Fran¥ois W. Primeau 
Applied Mathematics Institute, Dept. of Mathematic., University of Alberta, Edmonton, Alberta, Canada T6G 2G I 

The theory of resonant interactions between shelf waves developed by Hsieh and Mysak (JPO 1980) is extended 
to include the effect of bottom friction and alongshore topographic variation. The model equations are derived via 
a multiple-scale asymptotic expanaion in which it is assumed that the alongshore topography varies over a length­
scale over which the nonlinear interactions make an order-<>ne contribution to the dynamics. For the case with no 
bottom friction, it is shown that the total energy of the three interacting waves is conserved and that the Manley­
Rowe relations are preserved. Moreover, for the case with no bottom friction and the additional condition that the 
alongshore topography i. restricted to a piecewise constant Configuration, the steady state equations can be solved 
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ex""t1y. An illustrative solution for this case is given. It is shown that, in the presence of alongshore topographic 
forcing, the nonlinear energy exchange will induce a permanent wavenumber mismatch, so that the wave resonance 
conditioll8 are no longer completely satisfied. For the case with bottom friction, the damping coefficients of ~h 
interacting wave depends 011 the initial conditions and the cross shelf profile, but not on the alongshore topographic 
variation. Because the three damping coefficients are not equal the model equatiOIl8 can not be solved ex""t1y. 
Numerical solutions for some initial conditiollS are obtained for the purely temporal problem. It is found that the 
damping due to bottom friction does not induce any wavenumber mismatch. 

A THREE-DIMENSIONAL HYDRODYNAMICAL MODEL OF CIRCULATION IN THE GULP OF SUEZ, 
EGYPT 

M.A. Radyl, M.l. EI-Sabhl and T.S. Murty' 
IDepartement d'Oc6anographie, Universi16 du Quebec a Rimouski, Rimouski (Qu6bec) G5L 3Al 
'Institute of Ocean Sciences, Fisheries and Oceans Canada, Sidney (British Columbia) V8L 4B2 

A three-dimensional hydrodynsmical numerical model was used to study the water movement of the shallow aulf 
of Suez at the northern extremity of the Red Sea. The computational grid used to schematize the Gulf has a 
horizontal resolution of 3 x 3 km, with levels at 5, 15, 30 and 60 m. The M,-simulatiollS clearly revealed the 
Kelvin wave nature with partial reflection for the Gulf-like confiauration. The model results show that the residual 
circulation of the Gulf has three main components, namely, in order of importance, the tidal residual, the 
wind.<Jriven and the dell8ity induced residuals. The simulated circulation pattern, produced by an idealized dell8ity 
field that represents summer conditiollS, generated the classical circulation pattern in negative estuarine systems, 
i.e. a northward inflow at the surface and an outflow at depth. A decrease in the velocity associated with an 
increased eddy activity is noticeable throullhout the upper three layers. However, the bottom layers sbow a current 
reversal associated with an increased velocity 0 (1.5-3 cmls) and more stable south east flow. The computed 
wind-induced circuiatioo associated with a northwesterly and a northerly wind stress fields produced the classical 
type of estuarine circulation i.e. an outward flow from the Gulf near the surf""e, and an inflow at depth. It is winds 
blowing steadily from NE direction that could lIenerate a surface inflow and a bottom outflow establishing and/or 
enhancing the typical negative estuarine circulation pattern of the Gulf. Comparison with similar systems are 
presented. 

LA CIRCULATION DANS L'OCEAN NORD-ATLANTIQUE OUEST 

T.H. Reynaud, A.I. Weaver, R.I. Greatbatch* 
D6partement des Sciences Almosph6riques et Oceaniques, Universi16 McGill, 805 rue Sherbrooke 0., Montr6al, 
Qu6bec, H3A 2K6 
Thpartment of Physics, Memorial University, Iohn' s, Newfoundland, AlB 3X7 

Les donnees archiv6es, de la temperature et de la salinit6 daII8 l'oc6an Nord-Atlantique ouest, de MEDS (Marine 
Environment Data Service) et NODC (National Oceanographic Data Center) obtenues entre 1910 et 1989 ont e16 
mises sur grille en utilisant une variante de la technique d'analyse objective de Levitus (1982). Les champs de 
temperature et de salini16 moYe118 pour c~une des saisons avec une resolution horizontale de 1I3°x1l3° et 33 
niveaux verticaux standards ont 6t6 ainsi obtenus et sont compares a des resultats publi6s. Des techniques 
d'inversioll8 OIIt e16 appliquees sur les champs de densi16 afin de determiner les courants. Les r6sultats obtenus 
en utilisant la technique de Bernoulli (Killworth, 1986) et ceux obtenus en utilisant l'equation du vent thermique 
en supposant une vitesse nulle a une profondeur de 1200m sont pr6sent6s, compares et discu16s. 
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LAGRANGIAN CIRCULATION ON GEORGES BANK FROM A FINITE ELEMENT MODEL 

H. Ridderinkhof' ,D.R. Lynch' and C.E. Naimie2 
'Bedford Institute of Oceanography, Dartmouth, N.S. 
'Dartmouth College, Hanover, N.H., U.S.A 

The trajectories of passive particles in vertically-averaged velocity fields are analyzed to characterize the Lagrangian 
flow field on and around Georges Bank. The velocity fields are obtained from a three-dimensional linearized 
harmonic model on a finite element grid, under tidal and wind stress forcing. Tidally-driven residual currents are 
computed via an iterative technique. 

Results for a velocity field composed of semidiumaI tidal and tidally-driven residual currents on a relatively coarse 
grid serve as a reference case. This reference case is characterized by the presence of a 'separation line' on the 
southern side of the Bank delineating particles which circuIate around the Bank and those which exit towards the 
Middle Atlantic Bi&ht. The addition of current components driven by steady along-shelf (northeastward) and 
cross-shelf (southeastward) wind stress displaces this separation line towards the top of the Bank, indicating that 
wind-induced currents substantially reduce the trapping of particles on the Bank. 

In a model with increased resolution of the bathymetry on the top of Georges Bank, through the use of smaller 
elements, smalI-scaIe topographic eddies are present in the residual current fields. These residual eddies appear to 
induce distinct regions of trapped particles on top of the bank, Lagrangian eddies with a typical length scale of O( 10 
Ian). The presence of these features indicates the importance of models resolving the small-scale bathymetry for 
a realistic modelIing of Lagrangian flows in this area • 

• 

TOWARDS A HIGHER RESOLUTION VERSION OF THE CANADIAN GLOBAL SPECTRAL MODEL 

H. Ritchie and C. Beaudoin, Recherche en pr6vision num6rique, Service de I' environnement atmosph6rique, 
Dorval, Qu6bec 

The global spectral model used as the data assimilation model and medium r:aoge forecast model at the Canadian 
Meteorological Centre has a triangular 79-wave (T79) truncation in the horizontal, 21 levels with variable spacing 
in the vertical, and uses a semi-implicit semi-Lagrangian time integration scheme with .. 30-minute time step. Due 
to operational constraints, this configuration is the highest resolution that could be implemented on the CRA Y X -MP 
computer. However, with the recent installation of the NEC SX3 computer we wilI have the capability to implement 
a higher resolution version. 

Based on the experience at other leading forecast centres, when increasing the resolution it is important to maintain 
a balance between the horizontal and vertical resolutions. With the stability of the semi-Lagrangian scheme, it is 
also important to adjust the time step to keep a balance between the time truncation and space truncation errors. 
We have performed preliminary experiments in which we have examined results for the northern hemisphere 
averaged over four FGGE cases: 2 January, 21 January, 12 February and 18 May, 1979. To see if the time 
truncation errors are acceptable in the current configuration, we calculated the evolution of the northern hemispheric 
root-mean-square (rms) differences between runs using a 10 minute time step and a 30 minute time step. In medium 
range forecasta to 5 days the results show a sensitivity of approximately 3 metres per day at mid-atmospheric levels, 
which is considered as the upper limit for acceptable sensitivity for any single chaoge in a numerical weather 
prediction model. Horizontal resolution tests have also been performed by comparing integrations at resolutions 
of TS9, T79 and T99. The results show that there is improvement in the accuracy of the medium range forecasts 
as we increase the resolution in this range, and further improvements are anticipated at even higher resolutions. 

In view of these encoura&ing preliminary results, a more extensive series of experiments wilI be performed in order 
to further study the sensitivity to the spatial resolution and the time step in preparing a higher resolution version of 
the Canadian global spectral model. Latest results wilI be presented at the congress. 
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PRELIMINARY DYNAMIC EXTENDED RANGE FORECASTS WITH THE CANADIAN GLOBAL SPECTRAL 
MODEL 

H. Ritchie and B. Dugas', A.M. Leduc',I. Derome and I. Sheng' 
'Recherche en prevision numerique, Service de l'environnement atmospherique, Dorval, Quebec 
'Centre Meteorologique Canadien, Service de I'environnement atmospherique, Dorval, Quebec 
'Department of Atmospheric and Oceanic Sciences, McGill University, Montreal, Quebec 

With the implementation of the global analysis and forecast system at the Canadian Meteorological Centre in March 
1991 and the recent installation of a new supercomputer (SX3-44), we now have the tools to study the feasibility 
of producing dynamic extended range fo'recasts (DERF) for Canada. Currently we produce forecasts out to five 
days, which is much shorter that the predictability limit estimated by other dynamic studies. In addition to very 
high potential economic benefits from operationally producing skillfull DERF products, extending the range should 
also improve the quality of our short and medium range forecasts, since a good performance at long range requires 
an excellent performance at shorter ranges. 

We have embarked on a research project in which our first priority is to identify and eliminate, where possible, the 
systematic errors in the forecasts. This is being done by running an ensemble of extended range forecasts and using 
sophisticated diagnostics to analyze the climatology and energy transfers of the model. Some preliminary 4S-day 
integrations have been performed and have produced encouraging results. There is no evidence of serious climate 
drift, and the diagnostics for the integrations generally compare favourably with those for the corresponding 
analyses. Nevertheless, we have identified some weaknesses in the simulations and are investigating model 
improvements that should correct the associated systematic errors. Results of these investigations will be presented 
at the congress. • 

UPPER-TROPOSPHERIC SYNOPTIC-SCALE WAVES 
Chantal Rivest and Brian Farrell 
Recherche en prevision numerique, Service de I'environnement atmospherique, Dorval, Quebec 

Upper-tropospheric waves of synoptic scale are important dynamical entities at midlatitudes. They often induce 
surface cyclogenesis (peterssen and Smebye, 1971), and their life duration is typically longer than time scales for 
disruption by the ambient shear (Sanders, 1988). The objectives of the present work are to explain the maintenance 
and genesis of upper-tropospheric synoptic-scale waves in the midlatitude flow. 

We develop an analytical model of wav~ on generalized Eady basic states that have uniform tropospheric and 
stratospheric potential vorticity, but allow for the decay of density with height. The Eady basic state represents the 
limiting case of infinite stratospheric stability and constant density. We find that the Eady normal mode 
characteristics hold in the presence of realistic tropopause and stratosphere. In particular, the basic states studied 
support at the synoptic scale upper-level normal modes, which provide simple models for the dynamics of 
upper-tropospheric synoptic-scale waves, as waves supported by the large latitudinsl gradients of potential vorticity 
at the tropopause. 

In the presence of infinitesimal positive tropospheric grsdients of potential vorticity, the upper-level normal mode 
solutions no longer exist, as was demonstrated in Green (1960). Disappearance of the normal mode solution when 
a parameter changes slightly represents a dilemma that we seek to understand. We examine what happens to the 
upper-level normal modes in the presence of tropospheric gradients of potential vorticity in a series of initial-value 
experiments. Our results show that the normal modes become slOWly decaying quasi-modes. Mathematically the 
quasi-modes consist of a superposition of singular modes sharply peaked in the phase speed domain, and their decay 
proceeds as the modes interfere with one another. We repeat these experiments in basic states with a smooth 
tropopause in the presence of tropospheric and stratospheric gradients, and similar results are obtained. Basic states 
with positive tropospheric and stratospheric gradients of potential vorticity are found to support upper-level 
synoptic-scale waves for time scales consistent with observations. 

Following Farrell (1989), we then identify a class of near optimal initial conditions for the excitation of 
upper-tropospheric waves. The initial conditions consist of upper-tropospheric disturbances. that lean against the 
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shear. They strongly excite upper-level waves not ooIy in the absence oftropospberic potential vorticity gradients, 
but also in their presence. This result demonstJates that quasi-modes are as likely to emerge from favorably 
configured initial conditions as real normal modes, although their excitation is followed by a slow decay. 

Farrell, B., 1989: 00 the optimaJ excitation of baroclinic waves, J .Atmos.Sci., 46, 3279-3288. 
Pete"""", S. and S.J.Smebye, 1971: 00 the development of extratropical cyclones, Quart.J.Roy.Meteor.Soc., 97, 
457-482. 
Sanders, F., 1988: Ufe history of mobile troughs in the upper westerlies, Mon.Wea.Rev., 118,2629-2648. 

SEMI-LAGRANGIAN TECHNIQUES AND OROGRAPHY 

Chantal Rivest and Andrew Staniforth 
Recherche en prevision numc!rique, Service de I'environnement atmospherique, Dorval, Quebec 

Semi-Lagrangian teclmiques were developed in order to increase the time steps used in the integration of the 
operational forecast model. (Robert, 1981). Larger time steps made possible the inclusion of more elaborate 
physical parameteri7Jltions. Semi-Lagrangian techniques are very useful and are currently used in most 
meteorological centers. 

However it bas been known for some time that there is a problem incorporating orographic forcing in 
semi-Lagrangian models (Staniforth and C6ti, 1991; Coiffier et al . , 1987). The problem arises when the Courant 
number criterion typical of Eulerian models is violated, and the main advantage of semi-Lagrangian techniques is 
to sllow the relaxation of Ibis criterion. A solution involving spatial averaging bas been proposed recently (Tanguay 
et al., 1991). Nevertheless the analysis presented in the paper itself suggests that the severity of the problem bas 
only been reduced, not eliminated. 

We present in this work an analysis of a simple one-dimensionaJ model that isolates the essence of the problem. 
Possible avenues for solution will also be discussed. 

Coiffier,J. , P.Chapelet and N.Marie, 1987: Study of various quasi-Lagrangj.on techniques for numerical models. 
Proc. ofECMWF Workshop on Techniques for Horizontal Discretization in Numerical Weather Prediction Models, 
Shinfield, Parle, Reading, U.K., ECMWF, 377pp. • 
Robert, A., 1981: A stable numerical integration scheme for the primitive meteorological equations. Atmos. Ocean, 
19, 35-46. 
Staniforth,A., and J.C6ti, 1991: Semi-Lagrangian integration schemes for atmospheric models - A review. Mon. 
Wea. Rev., 119, 2206-2223. 
Tanguay M., E. Ylkimiw, H.Ritchie, and A.Robert, 1991: Advantages of spatial averaging in semi-implicit 
semi-Lagrangian Schemes. MOD.Wea.Rev., 120, 113-123. 

CONCENTRATIONS D'OZONE SUR LE QuEBEC MERIDIONAL DURANT LA PERIODE 1989 - 1991 

Alain Robichaud 
Ministere de I'Environnement du Quebec, Direction des R6seaux Atmospheriques, 2360 Chemin Sainte-Foy, 
Sainte-Foy, Quebec, GIV 4H2 

I.e r6seau d'6chantillonnage REMPAFAQ (r6seau de mesures des polluants atmospheriques en milieux forestier 
et .grlcole au Quebec) collecte des donn6es depuis 1989. Cet article pr6sente les premiers r6sultats des 
concentrations d'ozone pour un reseau en milieu extra-urbain au Quebec et montre que les niveaux moyens annuels 
d'ozone sont souvent nettement plus elev6s qu'en milieu urbain. De plus, les d6passements de I. norme horaire 
surviennent plusieurs fois par ann6e i plusieurs locaJit60 A I'extirieur des grands centres urb.m.. D'autre part, 
on constate que Ie coefficient de corr6latiOD entre les concentrations moyennes boraires d 'ozone et celles des NO, 
est faible a moder6e en milieu urbain et n'est pas pbysiquement significatif en milieu extra-urbain. La temperature 
maximale est la variable m6t60rologique ayant Ie plus fort coefficient de corr61ation avec I' ozone durant Ie semestre 
d'et6 etant mieux corr616e que la temperature moyenne et Ie nombre d'heures d'ensoleillemenl. Un indice de s\tess 
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sur les 6cosysiemes dQ Ii I' ozone est propose et montre que la zone critique d' exposition Ii I' ozone couvre une 
grande-ji'krtie du Quebec meridional. Finalement, les resultats de I'etude suggerent que les fluctuations interannuel­
les d'ozone aont determines largement par les fluctuations meteorologiques et que les valeurs elevees des 
concentrations d'ozone se produisent Ii 1'6chelle regionale et aont aouvent attribuables au transport Ii longue 
distance. En effet, 108 journe.. QI) on enregistre des d6passements de la norme boraire aont Ires souvent associe.. 
Ii des situations m&!tWrologiques favorables .. la p6netration de masses d'air venant des grands centres industriels 
des Elats-Unis et du sud-<>uest de l'Ontario. 

MICROZOOPLANKTON GRAZING ACTIVITY DURING THE 1990 SPRING BLOOM IN CONCEPTION BAY, 
NEWFOUNDLAND. 

Roy, S. & M. Paranjape 
Centre Oceanographique de Rimouski - INRS-Oceanologie, 310 All&> des Ursulines, Rimouski, Quebec GSL 3Al 

Conception Bay on the eastern shore of Newfoundland shows Spring blooms which extend in time from early March 
to May. As part of a study aiming to understand the initiation, development & fate of the Spring bloom in this 
environment (Cold Ocean Productivity Experiment), we investigated the microzooplankton grazing acth:ity using 
Landry's dilution technique. We coupled this technique with HPLC determination of photosynthetic pigments, 
allowing discrimination of the types of algal food eaten. Results will be presented in terms of the impact on 
phytoplankton. We alao show that a number of pheopigments are produced as a result of microzooplankton grazing, 
contrary to common belief thst protozoa do not produce this type of pigments. 

MICROSTRUCTURE MEASUREMENTS DURING THE NORTH ATLANTIC TRACER RELEASE 
EXPERIMENT (WOCE CORE-3) 

Barry Ruddick, Neil Oakey", Jim Burke 
Oceanography, Dalhousie University, Halifax, N.S. ,B3H 4Jl 
"Dept. of Fisheries and Oceans, Bedford Institute of Oceanography 

Do turbulence measurements really tell us about vertical mixing? In May 1992, a group of oceanographers from 
the U.S. , the U. K., and Canada will paint an iaopycnal patch of water with sulphur hexafluoride, an anthropogenic 
tracer detectable at exceptionally low concentrations. This patch will be followed for a year with acoustically 
tracked drifters ao that the diapycnal (vertical) spread of the dye can be monitored. This will provide direct 
estimates of the rate of diapycnal mixing of heat and salt in the main thermocline of the Eastern North Atlantic. 

The talk will be a "hot-<>ff-the ship· report of how the dye injection proceeded, followed by an outline of the 
methods for monitoring the dye patch. I will describe plans for measuring the small-scale shear and turbulent 
microstructure during the following year, and how we hope to use these to forecast the rate of dye spread. 

If our forecasts and models correctly predict the dye spread, then the existing methods and models can be applied 
with greater confidence to the global ocean to parameterize diapycnal mixing rates, and to tell us which physical 
mechanisms dominate. If our forecasts are wrong, then the comparison will tell us a great deal about what is wrong 
with our methods and models for interpreting microstructure observations. 

EVIDENCE FOR STRONG COUPUNG BETWEEN CALANUS PRODUCTIVITY AND LARVAL REDFISH 
(SEBilSTES SSP.) DISTRIBUTION IN THE NORTHERN GULF OF ST. LAWRENCE 

J.A. Runge and Y. de Lafontaine, Institut Maurice Lamontagne, Mont-Joli , Quebec, Canada, GSH 3Z4 

In early summer, Ca/anus jinmarchicus dominates the productivity of net zooplankton in the north central Gulf of 
St. Lawrence. Calanus females reside day and night in the surface 30 01, which is separated from the cold (O°C), 
underlying water by a pronounced thermocline. Despite very low phytoplankton biomass, females produce eggs 
at high rates (20-60 eggs female" d-' in 1989 and 1991), supporting egg concentrations of 12 liter' or more near 

120 



the surface. Sebosles larvae are also residenl near the surface, where they feed on Calanus eggs almost exclusively, 
despite the availability of alternate microzooplllDkton prey. Our observations are consistent with the hypothesis that 
the temporal/spatial distribution of Sebasles larvae is coupled 10 the distribution of Calanus females and the cycle 
of their egg production. 

THE REGIONAL EVAPORATION STUDY - PART III: MODEL PREDICTIONS OF BOUNDARY LAYER 
EVOLUTION 

C.M. Sacnw 
Almospheric Environment Service, Saskatoon, Saskatchewan 

The Reeional Evaporation Study (RES) field projecl took place during the summer of 1991. The data archive 
includes serial radiosonde releases at 2-4 hour intervals for several 36-hour periods of interest. 

These soundings provide an ideal data set from which 10 evaluate numerical models which prediclthe evolution of 
the boundary layer. One such model adopted for RES is Blackadar's model, which incorporales budgets of heat, 
moisture and momentum to predict diurnal changes in the boundary layer. This paper presents some preliminary 
model comparisons with RES sounding data and discusses its usefulness for operational forecast use. 

EMISSIONS OF NITROUS OXIDE FROM THE HUDSON BAY LOWLANDS 

C. L. Schiller and D. R. Hastie 
York University, 4700 Keele Street, North York, Ontario, Canada, M3J lP3 

Emissions of nitrous oxide were measured from five siles in the Hudson Bay Lowland during the period of June 
to October, 1990, as part of the Northern Wetlands Project. Over ISOO emission measurements were made over 
this period from a number of chambers sel up over a variety of vegetative types within a number of ecosystems. 
The sites were chosen to obtain a good representation of the ecosystems thaI characterize the Hudson Bay Lowland. 
The emissions of nitrous oxide wefl' measured from over both land and water, and these results were then used to 
characterize the emissioos of nitrous oxide from a given ecosystem, thaI could "". detected by remote sensing. These 
calculated emission values, and the remole sensing data, allowed the calculation of the etnissions of nilrous oxide, 
alone a \raosect from the James Bay coaSt, to Kinosheo Lake, as well as integrated over the entire Hudson Bay 
Lowland. 

The results obtained, indicate a number of interesting patterns. The majority of the emissions of nitrous oxide are 
being emitted from the open fen areas, while the treed areas, both fen and bog, result in negative emission rales. 
Although it was seen, that the emissions of nitrous oxide from separate ecosyslems are significantly differenl, as 
would be expected, one might oot expect to see that often the largest differences in the emission rates of nitrous 
oxide are seen from within ecosystems thaI are very similar. 

INTEGRATION SPATIALE DES OBSERVATIONS CLIMATOLOGIQUES A PARTIR D'OBSERVATIONS 
AEROPORTEES DES FLUX 

P .H. Schueppl, P .H. Caramori I, Y. Guol, R.L. Deajardins' e\ J .1. MacPherson' 
IDepartement des ressources reoouvelables, Universit6 McGill (Campus Macdonald, Ste-Aone-de-Bellevue, Que. 
H9X lCO). 
'Centre pour la recherche en ressources terreslres el biologiques, Agriculture Canada. 
'Iostitut pour la recherche aerospatiale, CNR, Ottawa. 

La Il!ledeteclion par satellite jouera un rOle grandissanl dans l'etude du climat el des budgets d'energie, de l'eau, 
du carbone e\ des gaz traces 4 l't!chelle du globe. La validalion de modeles sur les processus d't!change enlre la 
terre e\ l'atmosphere ne pourrait .'effectuer que sur base d'observations nombreuses pr~ de la surface terrestre, 
4 cause de la variabilill! eoorme des caracll!ristiques physiques eI biologiques d. celte surface. Ceci serait 
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pratiquement irr~isable. Par contre, les techniques d 'observation aeropo~ des flux d'energie ou de masse, 
developpees durant les demiers IS ans, peuvent effectuer un lien entre les observations locales et les 
caracteristiques rejlionales, i l'6chelle allant jusqu" des centaines de km. Notre participation aux experiences 
intemationales recentes (e.g. FIFE 1987, 1989; NOWES 1990; SJVAQS 1991) a permis la mise au point de 
techniques aeroportees dans plusieurs domaines comme: effet de filtrage et l ' anaIyse des tendances sur I'estirostion 
des flux par \a methode des correlations; advection locale entre les regions sources/puits 4 la surface et Ie trajet 
d'6chantillonnage des flux par I' avion; comparaiaon entre les flux mesures par avion Ii ceux mesures i la surface; 
analyze structurale du transfert turbulent et organisation spatiale de ce transfert i I'interieur de la couche limite 
atmosph6rique. L' effet de ces facteurs sur I'interpretation des observations aeroportees en termes de 
caracteristiques de surfaces, ainsi que nos pro jets futurs, semnt discutes. 

SAMPLING ERRORS IN ESTIMATING THE GLOBAL TEMPERATURE WITH POINT GAUGES: 
ASYMPTOTICS AND MONTE CARLO SIMULATIONS 

Samuel Shan-Pu Shen 
Department of Mathematics, University of Alberta, Edmonton, Alberta, Canada, T6G 2G 1 

This paper considers the mean squared error (MSE) incurred in estimating an idealized earth' s global average 
temperature with a finite number of point gauges located in a specified or stochastic way over the globe. For a class 
of model earths with rotationally invariant statistics, the MSE formula can be cast into the form of a summation over 
spherical harmonic indices. The summand factors into a part which depends on the design of the gauge network 
aod a second part which is the degree variance spectrum of the surface temperature field . After presentine this 
formalism, we provide an example spectrum for the surface temperature field derived from a simple two parameter 
stochastic climate model defined on the sphere. An example calculation is given for the case of N gauges randomly 
arranged on the sphere. In addition, the sampling error is computed for some simple regular arrays of gauges as 
illustrative examples. 

ON THE INTERACTION BETWEEN THE SYNOPTIC SCALE EDDIES AND THE LOWER FREQUENCY 
FLOW IN THE ATMOSPHERE 

J. Sheng and J. Derome. Department of Atmospheric and Oceanic Sciences, McGill University, 80S Sherbrooke 
St. West, Montr6a\, Qu6., H3A 2K6. 

Atmospheric data at 300 hPa from 1981 to 1986 are used to investigate the interaction between the synoptic scale 
eddies (period 2 to 10 days) and the lower frequency flow (period 10 to 90 days). The atmospheric mean-monthly 
and mean-seasonal anomalies are a reflection of the anomalies in the low frequency flow, ao that understanding the 
circulation anomalies on time scales of a month to a season will necessitate a better understanding of the dyosmics 
of the low frequency flow. The primary goal of the present study is to determine the extent to which the evolution 
of the low frequency flow is related to that of the synoptic disturbances. 

The vorticity flux divergence due to the synoptic scale transients acts as a vorticity source for the low frequency 
flow. Calculations of this divergence using upper level ECMWF analyses reveals that it is very well correlated with 
the low frequency vorticity evolution, particularly over the eastern oceans. It is found that the time lag between 
the "forcing" of positive (negative) vorticity by the synoptic scale eddies and the appearance of positive (negative) 
vorticity in the low frequency flow is very small (about one day). It is thus seen that the fast transients act as a 
source of eostrophy for the low frequency flow in the middle latitudes. 

LOCAL AND REMOTE FORCING OF THREE-DIMENSIONAL CIRCULATION ON THE SCOTIAN SHELF 

Jinyu Sheng aod Keith R. Thompson 
Department of Oceanography, Dalhousie University, Halifax, Nova Scotia, Canada, B3H 411 

Anew, computationally efficient three-dimensional spectral model is used to calculate the circulation on the Scotian 
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Shelf forced by local wind and coastal trapped waves propagating into the region across the ·upstream· boundary. 
Sensitivity analyses show that the flow forced by local wind has greater vertical structure and less horizontal 
structure than the remotely forced component. A comparison of measured currents on Western Bank for the period 
February 1 to April2S, 1991 with model results suggests that remote forcing is important and, further, that coastal 
sea level may prove extremely useful in assimilative models of circulation in this region. 

WINDII - THE WIND IMAGING INTERFEROMETER ON THE UPPER ATMOSPHERE RESEARCH 
SATEllITE 

G.G. Shepherd, G. Thuillie .... , W.A. Gault, B.H. Solheim, C. Hersom, Y. Rochon, C. McLandress, C. Tai, 
D.-Y. Wang, W.E. Ward, R.H. Wiens 
Institute for Space and Terrestrial Science, Yolk University, Toronto 
*Service D' Aeronomie du CNRS, Verri~res-Ie-Buisson, France. 

WINDII, the WIND Imaging Interferometer, was launched on the Upper Atmosphere Research Satellite on 
September 12, 1991. This joint project, sponsored by the Canadian Space Agency and the French Centre National 
d'Etudes Spatiales, in collaboration with NASA, has the responsibility of measuring the global wind pattern at the 
top of the altitude range covered by UARS. WINDII measures wind, temperature and emission rate over the altitude 
range 80 to 300 Ian altitude by using the visible region airglow emission from these altitudes as a target, and 
employing optical Doppler interferometry to measure the small wavelength shifts of the narrow atomic and 
molecular airglow emission lines induced by the bulk velocity of the atmosphere carrying the emitting species. The 
instrument used is an all-glass field-widened achromatically and thermally compensated phase-stepping Michelson 
interferometer, along with a bare CCD detector that images the airglow limb through the interferometer. A sequence 
of phase-stepped images is processed to derive the wind velocity for two orthogonal view directions, yielding the 
vector horizontal wind. These are used to produce daily wind maps at a series of altitude levels. The process of 
data analysis including the inversion of apparent quantities to vertical profiles is described and preliminary results 
are shown. 

IMPROVEMENTS IN TEMPERATURE PROFILE RETRIEVALS FROM MICROWAVE RADIOMETRIC 
MEASUREMENTS • 

P.R. Shepherd and W.F.I. Evans, 
Centre for Research in Earth and Atmospheric Science, 4700 Keele Street, North York, Ontario 

An investigation of potential improvements in the inversion of ground-based microwave radiometic measurements 
for atmospheric temperature has been conducted. The temperature profiles retrieved from microwave radiometric 
systems generally have low vertical resolution and suffer from larger errors than radiosonde temperature profiles. 
It is shown that the incorporation of meteorological forecast geopotential height information produces a major 
improvement in the retrieved temperatures from the ground up to 200 mb, with error levels reduced to those for 
radiosondes. There is little information in the weighting functions about the atmosphere above 200 mb. This 
combined algorithm would be particularly useful in a field measurement situation. 

TWO VARIATIONS ON A THEME BY RAYLEIGH 

Theodore G. Shepherd 
Departmeot of Physics, University of Toronto 

In 1880 Lord Rayleigh solved the problem of the linear instability of a free shear layer (equivalently a strip of 
constant vorticity embedded in irrotational fluid). Two variations on this classical anslysis are presented here. In 
the first, the shear layer is subjected to a uniform strain field. This is a simple model for a vorticity filament in the 
presence of large-scale coherent vortices, a generic scenario in geophysical turbulence. The basic state for the 
stability problem is now time-dependent, and normal-mode solutions no longer exist. Disturbances may grow 
temporarily, but must (within the context of linear theory) ultimately decay. The complete linesrized initial-value 
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problem is solved, and the way in which strain stabilizes the Rayleigh instability is quantified. Nonlinear effects are 
explored by numerical means. The results help explain why vorticity filaments in geophysical turbulence are only 
rarely observed to roll up into coherent vortices. There are also implications concerning the likelihood of frontal 
instabilities in the atmosphere. In the second variation, a narrow layer of stratification is inserted in the middle 
of the shear layer. There is nothing novel about this model of stratified shear flows, which was solved by Holmboe 
(1962). The novelty lies rather in the method of analysis, which uses wave-activity conservation principles to 
elucidate the underlying instability mechanisms in terms of the interaction of oppositely-sianed neutral modes. This 
sheds new insight on the nature of the Holmboc mode. 

NONLINEAR SYMMETRIC STABILITY 

Theodore G. Shepherd 
Department of Physics, University of Toronto 

The problem of symmetric stability is examined within the context of Arnold's S<XaIled "energy-Casimir" stability 
method. The sufficient conditions for linearized stability derived by Fjortoft (1950) are shown to imply 
finite-amplitude, normed stability. This finite-amplitude stability theorem is then used to obtain rigorous upper 
bounds on the saturation amplitude of disturbances to symmetrically unstable flows. The case of moist adiabatic 
systems is also considered. 

ESTIMATING AREAL EVAPORATION FROM REMOTELY-SENSED AND SURFACE DATA 

Bhawan Singh, Pierre P616ja 
Departement de Geographic, Universit6 de Montr6al, C.P. 6128, Succuraale • A·, Montr6al (Quebec) H3C 317 

Remote sensing methods offer a viable means of deriving regional-scale estimates of surface evapotranspiration 
(ET). This paper presents a method whereby a variant of the Priestley-Taylor formulation when combined with 
remotely scnsed data provides reasonable estimates of regionalized ET. Satellite-derived (Landsat V) values of 
surface albedo (CIS) and temperature (Ts) are used to derive the components of the Priestley-Taylor formulation. 
However sine-generated extrapolations from a single measurement to derive daily ET is affected 'by varying sky 
conditions, especially cloud cover, relative to the time of satellite measurement. A correction factor, when 
introduced to correct for cloud effects, increases the similarity between our method for daily ET and the reference 
method. Also spatial variations of daily ET between pixels were found to be within 5 percent. 

La t616d6tection nons pourvoit d'un outil fiable pour I'estimation de 1'6vapotranspiration (ET) a t!chelle re';onaIe. 
Nons pr6scntons une mt!thode oilies donnees satellitaires (Landsat V) de l'a1bedo (CIS) ct de la temp6rature (TS) 
de la surface sont int6gr6es dans nne version de 1'6quation de Priestley-Taylor afin de calculer I'ET regionalis6e. 
Cependant, dans Ie calcul de I'ET journaIi~re, iI fallait extrapoler scion une relation sinusoidale a partir d'une 
mesure ponctuelle instantanee. Celle-ci est influenc6e par les conditions du ciel, surtout la n6bulosit6, relatives 
au moment du passaee satellitaire. Quand nons avons introduit un facteur pour corriger pour les effets des nuages, 
la relation entre I'ET calcul6e selon notre approche et I'ET de reference, est scnsiblement amelior6e. D'ailleurs 
les variations de I'ET journaIiere entre pixels pour noire site de recherche etaient de I' ordre de 0 a S pourccnt. 
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CANADIAN ATLANTIC STORMS PROGRAM II: THE OCEANOGRAPIDC COMPONENT 

Peter C. Smith', Charles Tang', Simon Prinsenberg',]. Ian MacPberson', Richard McKenna', Mona EI-Taban', 
Paris Vacbon', Mike Manore', Savi Narayanan', Pierre Pepin' and Jim Helbig' 
'Pbysical and Chemical Sciences, Bedford Institute of Oceanograpby, Department of Fisberies and Oceans, 
Darmouth, Nova Scotia. 
"Fligbt Researcb Laboratory, National Researcb Council, Ottawa, Ontario 
'Institute for Marine Dynamics, National Researcb Council, St. ]ohn's, Newfoundland 
'C-CORE, Memorial University of Newfoundland, St. ]ohn's, Newfoundland 
'Canadian Centre for Remote Sensing, Ottawa, Ontario 
'Northwest Atlantic Fisheries Centre, Department of Fisheries and Oceans, St. ]ohn's, Newfoundland 

The CASP II oceanographic field experiment, consisting of three main components: 

1) current, surface wind and SAR measurements, bydrographic surveys and surface drifter studies near the 
Labrador CUrrent on the northern Grand Banks of Newfoundland; 

2) sea ice process studies in the marginaJ ice zone on the Northeast Newfoundland Sbelf; and 
3) airborne measurements of beat and momentum fluxes in the planetary boundary layer over the marginal 

ice zone; 

was conducted between November, 1991 and May, 1992. In addition, separate but related investigations, including: 

4) sea ice flux measurements on the Newfoundland and Labrador Shelves; and 
5) large-scale current measurements and bydrographic surveys on the Newfoundland Shelf in relation to 

studies of environmental influences on northern cod; 

were carried out concurrently in the same region. Preliminary results from these five coordinated programs are 
presented. 

TEMPORAL VARIATIONS IN THE TAXONOMY AND ECOLOGY OF NANOPLANKTON IN A '. 
TEMPERATE CANADIAN FJORD. 

Smith, P.]. and L.A. Hobson 
Department of Biology, University of Victoria, Victoria, British Columbia, V8W 2Y2 

A temporal study of the taxonomy and ecology of nanoplankton, organisms with longest dimensions varying between 
2 and 20 I'm, in a temperate Canadian fjord, Saanich Inlet, was carried out with the aid of electron microscopy. 
Eighty-three species were recorded during the period from April, 1990 to April, 1991, ofwbich we observed fifty 
for the first time in waters of the west coast of North America, supporting the conclusion that most of these 
organisms have cosmopolitan distributions. 

The nanoplankton were responsible for a large fraction of the planktonic chlorophyll throughout the year except 
during the spring diatom bloom. During summer, prasinophyte and prymnesiophyte flagellates were abundant, while 
during winter, most cells were cbrysophyte flagellates, of which many were freshwater, heterotrophic species. 
Also, a greater number of cboanoflagellate species were observed in winter than in summer. These observations 
suggest the possible importance of terrestrial runoff and heterotrophic production to the marine food web in coastal 
waters during winter months. e importance of terrestrial runoff and heterotrophic production to the marine food 
web in coastal waters during winter months. 
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WIND STRESS AND SEA STATE IN THE ERS-l CAL-VAL EXPERIMENT 

Stuart D. Smith, Fred W. Dobson and Robert 1. Anderson 
Department of Fisheries and Oceans, Bedford Institute of Oceanography, Dartmouth, Nova Scotia, B2Y 4A2 

Measurements of wind stress and wind speed were logged using a bow anemometer and analysis package at satellite 
overpass times and at other times of interest during the Cal-Val Cruise of CSS Hudson. The primary purpose was 
to test estimates of wind stress and wind speed from satellite data. 

Directional wave data from Wavek directional wave buoys and from ship- air- and satellite-borne radar will allow 
us to calculate appropriate wave parameters and refine relationships between wind stress and the "age" of wind 
waves. In earlier wind stress studies at offshore sites, without directional wave information, it had not been possible 
to separate locally-generated wind sea from swell that propagates in from outside the immediate area and has little 
influence on the wind stress. 

Readings of the ship's anemometer will be compared with bow anemometer and Minimet buoy anemometer winds 
to assess the influence of flow distortion by the ship on routine wind readings. 

CANADIAN ATLANTIC STORMS PROGRAM II: THE METEOROLOGICAL FIELD EXPERIMENT 

Ronald E. Stewart I and the CASP II Meteorology Group 
I Atmospheric Environment Service, Downsview, Ontario 

The CASP II field experiment was conducted from 1anusry 15 to March 15, 1992 over Newfoundland and the 
surrounding ocean. During the experiment, more than 15 storms were studied with a wide variety of surface-based 
and airborne platforms. Weather features examined during the experiment included explosively deepening storms, 
warm and cold fronts, troughs, tropospheric folds, blizzards, precipitation type transition regions, and freezing 
precipitation. Special aircraft missions were also carried out in support of aircraft icing studies and satellite 
validation. In this presentation, an overview is presented of the observational facilities, participants, weather 
phenomena, and preliminary results. 

THEREGIONALEVAPORATIONSTUDY-PARTII:PRELIMINARYMOISTUREBUDGET/EVAPORATION 
RESULTS 

G.S. Strong 
Atmospheric Environment Service, Saskatoon, Saskatchewan. 

During the summer of 1991, sequential balloon soundings were released from three sites within a mesoscale research 
network of automatic weather stations in support of the Regional Evaporation Study (RES). The main goals of RES 
are to estimate area1 evaporation using atmospheric moisture budgets, and to assess the role of local evaporation 
in the production of convective clouds and precipitation using existing numerical models of boundary layer and cloud 
processes. 

The rationale for adopting the moisture budget approach .developed out of the need for improved operational 
estimates of area1 evaporation (where there are no measurement standards), and the inaccuracy of subjective 
approaches to estimating diurnal changes in the boundary layer moisture due to evaporation and advection. 
Estimating diurnal changes in the moisture field is important to making accurate daily predictions of convective 
poteotial. 

The moisture budget estimates of area1 evaporation will be compared with results from other semi-empirical 
methods, as well as results from the modeling tests. Models used in this study include boundary layer process 
models which compute evapotranspiration, and cloud models which predict liquid water content and convective 
intensity. This paper will review the background for RES, 1991 field research operations, mesoscale data 
management obstacles, and some preliminary analysis results. 
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A NEW METIfOD OF TESTING TEMPERATURE AND PRECIPITATION PREDICTIONS FROM CLIMATE 
GCM'S USING TIlE TEMPERATURE-PRECIPITATION INDEX (fPI) 

R. Ambury Stuart, Gcorae A. Isaac" 
Weather Research House, Downsview, Ontario 
-Cloud Physics Research Division, Atmospheric Environment Service, Downsview, Ontario 

The Temperature-Precipitation Index (fPI) was calculated for 260 arid points of the Canadian Climate Centre 
(CCC) General Circulation Model (GCM). Grid points were selected to include all of Canada and some of its 
off-shore areas. Mean daily temperatures and tots! daily precipitation amounts were used in this calculation which 
was applied to both the IxC02 and 2xC02 scenarios. 

Maps of TPI values for the CCC GCM will be presented and compared with values obtained through time series 
of observed temperature and precipitation values. Preliminary analysis sugjlests that model estimates and 
observations compare favourably in January, but disagree matkedIy in July. Tbe implications of these results on 
the accuracy of precipitation parameterization procedures used in the CCC GCM will be explored. Also, an 
intercomparison of results from the two scenarios will provide an indication of what if any impact global warming 
might have on TPI values in Canada. 

ON THE ACCURACY OF TEMPERATURE AND PRECIPITATION ESTIMATES OF THE CCC GCM IN THE 
MACKENZIE VALLEY AREA OF NORTIlERN CANADA 

R. Ambury Stuart 
Weather Research House, Downsview, Ontario 

At last year's Congress in Winnipeg, a comparison of actual Ieplperature and precipitation normals and 
corresponding IxC02 scenario estimates from three U.S. GCM's was made for the Mackenzie Valley area. It was 
demonstrated that the climate of the Mackenzie ValIey is greatly affected by the presence of the topographical 
features in the area. Since IIOIIe of the GCM's reviewed could resolve these features, it came as no surprise that • 
the capabilities of these models in replicating the Mackenzie Valley climate was very poor. 

, 
A subsequent study of the higher resolution model of the Canadian Climate Centre has now been carried out. We 
will present comparisons between this model and the U.S. models for temperature and precipitation in January, 
April, July and October. In addition, we will present each model's estimate of the modified climate of the 
Mackenzie Valley according to the 2xC02 scenario. The implications of these results for the Mackenzie Basin 
impact studies will then be reviewed. 

J;:STIMATING TIlE IMPACT OF GLOBAL WARMING ON PERMAFROST LAYERS IN THE NORTHERN 
HEMISPHERE 

R. Ambury Stuart, Allan s. Judge 
Weather Research House, Downsview, Ontario 
ierrain Sciences Division, Geological Survey ·of Canada, Ottawa, Ontario 

A simple model of permafrost stability has been developed which depends ouly on mean monthly temperature and 
winter precipitation amounts. This model will be briefly described and applied to climate data sets from 
approximately 100 observing stations north of 600 N latitude. A comparison of modelled and observed northern 
limits of continuous and discontinuous permafrost will be presented. 

The permafrost stability model has also been tested using grid point values of monthly temperature and precipitation 
from three U.S. GCM's. Results will be presented on the accuracy of these models in locating current locations 
of permafrost boundaries in the northern hemisphere, 'and on the movement of these boundaries under scenarios of 
global warming. 
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NON LINEAR VAD ANALYSIS OF SINGLE DOPPLER DATA 

J. Sunl, I. Zawadzki' and P. Joel 
I AES, King Weather Radar Station, Ontario 
'Departement de Physique, UQAM, Quebec 

The V AD analysis (Browning and Wexler, 1968) of single Doppler data is widely used to retrieve vertical profiles 
of horizontal velocities and divergence above the radar in case of relative uniform and smooth wind field. The 
assumption about the linear variation of wind field remains as a severe limitation to apply this analysis to situations 
where the non linearity is important. To circumvent this limitation, the harmonics of order higher than two in the 
Fourier expansion of radial velocity versus azimuth angle should be kept, which contain the information on irregular 
variations of winds. This non linear V AD analysis has heen applied to a clear air observation case (Caya and 
Zawadzki, 1992). It is known that non linear winds are more common in case of convection and precipitation. 
However, the contribution of vertical velocity to radial velocity observed by radar make the analysis more 
complicated. The horizontal non linear variation of vertical winds together with that of horizontal winds should be 
taken into account. The non linear V AD analysis is proved to be superior to the classical V AD analysis when both 
applied to simulated sinuous waves with or without the contribution of vertical winds. A real case of stratiform 
precipitation will also be analyzed. 

ON THE BAROCLINIC DYNAMICS, HAMILTONIAN FORMULATION AND GENERAL STABILITY 
CHARACTERISTICS OF DENSITY-DRIVEN SURFACE CURRENTS AND FRONTS OVER A SLOPING 
CONTINENTAL SHELF 

Gordon E. Swaters 
Applied Mathematics iostitote, University of Alberta, Edmonton, Alberta, Canada T6G 2G 1 

A new theory is presented to describe the baroclinic of density.<Jriven currents and fr.onts over a sloping continental 
shelf. The frontal dynamics is geostrophic to leadingoQrder but not quasi-geostrophic since the dynamic frontal 
height is not small in comparison to the scale frontal thickness. The evolution of the underlying slope water is 
modelled quasi-geostrophically and includes the influence of a background vorticity gradient due to the sloping 
bottom. The two layers are coupled together via baroclinic vortex-tube stretching associated with the perturbed 
density-driven current. The current dynamics includes the advection of mean flow vorticity. The model equations 
are obtained in a formal asymptotic expansion of the relevant two-layer shallow water equations and boundary 
conditions. It is shown that the governing equations for the model can be put into noncanonical Hamiltonian form. 

A comprehensive analysis of the general linear and nonlinear stability characteristics of the governing equations is 
given. The norroa\ mode problem associated with steady along-shore currents is studied and sufficient stability and 
necessary instability conditions are presented. It is shown that a zero in the frontal vorticity gradient is not needed 
for instability. Jump conditions for the perturbation frontal thickness are systematically derived associated with the 
continuity of pressure and norroa\ mass fluX for steady frontal configurations that possess discontinuities in the 
velocity or vorticity, and rigorous regularity conditions are obtained for the perturbation thickness on outcroppings. 
The 'forroa\' stability of arbitrary steady currents is studied. It is shown how to obtain general steady current 
solutions as a variational solution to a suitably constrained Hamiltonian. General criteria are obtained for 
establishing the linear stability of these steady density.<Jriven currents in the sense of Liapunov. In the limit of 
steady parallel along-shore flow, the formal stability results reduce to the sufficient conditions found for the norroa\ 
modes. Finally, the noulinear stability of steady density-driven currents and fronts is studied. Based on the formal 
stability analysis, appropriate convexity hypothesis are found that rigorously establish nonlinear stability of steady 
currents in the sense of Liapunov, and establish nonlinear saturation bounds on the perturbation flow with respect 
to a potential enstrophy/energy norm. 
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A NUMERICAL STUDY OF PRECIPITATION TYPE TRANSITION REGIONS 

Kit K. Szeto and Ronald E. Stewart 
Atmospheric Environment Service, Downsview, Ontario, Canada 

Precipitation type transition at the surface often occurs in winter storms. To improve prediction of these transitions 
requires hetter understanding of the physical processes occurring in the transition region. A two-dimensional, 
anelastic, cloud-resolving numerical model is used to simulate the transition region. Large domain and fine grid 
resolutions are utilized so that both the larae scale and mesoscale precipitation features in winter storms can he 
handled adequately by the model. Microphysical processes considered in the model include 
evaporatioulcondensation, depositioulsublimation, melting/freezing. coalescence, accretion, riming and growth. 
Background large scale updrafts are specified to produce the stratiform synoptic scale precipitation. 11 is found that 
cooling-by-melting produced significant thermal and momentum perturbations in the environment which in tum 
modulated the precipitation field. Model results will he presented with reference to some observed cases. 
Sensitivity of the results to some model physics and various environmental conditions will also he discussed. 

A THEORY OF SQUALL LINE EVOLUTION 

Kit Kong Szeto, Han-Ru Cho' 
Atmospheric Environment Service, Downsview, Ontario 
'Department of Physics, University of Toronto 
Toronto, Ontario, Canada M5S lA7 

Observations ahow that squall lines often evolve from a vigorous upright convective line into a mesoscale convective 
system (MCS) possessing an extensive trailing stratiform precipitation region. This transformation of storm 
structure often takes place in an abrupt manner. A two-dimensional, anelastic, cloud-resolving numerical model 
was used to study the physical processes responsible for this transformation of storm structure during the evolution 
of squall systems. Both the Iife..,ycle and storm structure of observed squall systems have been simulated 
successfully. Careful analysis of model results leads us to propose a feedback mechanism involving the convective 
heating aloft, storm-generated horizontal momentum and cooling-by-melting t<.1 explain the evolution of the model 
squall line into a quasi-steady MCS state. Both observations and model results will he presented to illustrate this 
theory. 

MESOSCALE OBSERVATIONS OF SURFACE FRONTS IN SOUTHERN ONTARIO STORMS 

Rosemary Tabory . 
CRESS, Yorlc University, 4700 Keele Street, North York, Ontario, M3J IP3, Fax (416) 736 5817 

The intent of this study is to determine the mesoscale nature of surface frontal passages in Soutbem Ontario using 
a network of nine PAQMOS (portable Air Quality and Meteorological Observing System) towers situated around 
Pickering. These stations recorded ten minute averages of temperature, pressure, humidity, wind speed and wind 
direction for 1988 and 1989. This data is compared to surface synoptic charts to identify frontal passages. Time 
series plots of the data are used to determine the temporal extent of the frontal zone. The synoptic charts are 
analyzed for orientation from true north and frontal speed so that the width of the front and estimates of 
frontogenesis can he made. Specific fronts are then analyzed intensively to provide illustrative cases with special 
attention paid to warm fronts. 
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MEDIUM RANGE STRATOSPHERIC FORECASTS WITH A GLOBAL SPECTRAL MODEL 

M. Tanguay and H. Ritchie, Recherche en prevision numerique, Service de I'environnement atmospherique, 
Dorval, Qw!bec 

Due to heightened interest in the radiative impact of stratospherio ozone it will become increasingly important to 
produce good forecasta of the stratospheric circulations that control the redistribution of ozone in the medium range 
time frame. Another related question is how an improvement of the stratospheric forecasta will benefit the 
tropospheric circulations. 

in this context we have started evaluating the quality of medium range stratospheric forecasta produced by the 
Canadian global spectral model. It has been found that the forecasta are sensitive to the position of the top of the 
model. integrations were performed with a control model having ita top two levels at 0, = .010 and 0, = .045. 
The impact of the position of the top was tested by removing the level at 0, = .010 and the resulta showed that 
removing this level produces a significant deterioration in the accuracy of the forecasta, especially in the 
stratosphere. The impact of even higher tops will be investigated. Other testa have shown a sensitivity to the 
formulation of the upper boundary condition and the strength of the horizontal diffusion in the stratosphere. The 
vertical resolution (and implicitly the vertical discretization) is also being examined, as well as the physical influence 
of the solar and infrared radiation. 

Kirkwood, E. and r. Derome, 1977: Some effecta of the upper boundary condition and vertical resolution on 
modeling forced stationary planetary waves, Mon. Wea. Rev., 105, 1239-1251. 
Rasch, p.r., 1986: Toward atmospheres without tops: Absorbing upper boundary conditions for numerical models, 
Q.r. Roy. Met. Soc., 112, 1195-1218. 
Ritchie, H., 1991: Application of the semi-Lagrangian method to a multilevel spectral primitive-equations model, 
Q.r. Roy. Met. Soc., 117,91-106. 

ESTIMATION DU MOUVEMENT VERTICAL A L'AlDE DES DONNEES DE SURFACE SEULEMENT: 
VERIFICATION OBJECTIVE 

Robert Tardif', Peter Zwack' 
'Centre met6orologique du Quebec, 100 boul. Alexis-Nihon, suite 300, Sainte-Laurent (Quebec) 
'Departement de Physique, Universit6 du Quebec a Montr6al, C.P. 8888, Station A, Montreal (Quebec) H3C 
3P8 

Le mouvement vertical (omega) a I'echelle synoptique et a la meso-echelle est I'un des parametres importants 
a considerer dans Ie processus de prevision a court terme. L' etude d 'une suite temporelle de diagnostics 
presentant la structure horizontale du mouvement vertical, peut permettre au previsionniste d'inferer sur la 
probabilite d'occurrence de differenta elementa du temps sensible. En effet, en plus d'!tre directement responsable 
de la couverture nuageuse et de la precipitation associee aox systemes synoptiques, Ie mouvement vertical joue un 
rOle de premier plan dans la modification de la stabilit6 dans la hasse atmosphere. Consequemment, Ie diagnostic 
de la vitesse verticale peut representer une importante source d'informations en ce qui conceme Ie declenchement 
de conditions severes du temps. Les methodes habituelles pour Ie calcul de omega demandent un ensemble de 
donnees representant la structure tri-dimensionnelle et temporelle de I'atmosphere. Ces donnees ayant une 
resolution spatiale et temporelle insuffisante pour representer l'evolution it court terme des systemes d'intereta, 
il devient necessaire d'utiliser Ie reseau de donnees de surface pour atteindre Ie but recherche. Une methode 
permettant d'estimer omega strictement II I'aide de ces donnees, a et6 proposee par Zwack et Kabil (1988). Le 
but specifique de cette etude est l'evaluation de cette methode sur plusieurs cas reels, dans l'optique d'identifier 
son potentiel operationnel. La verification s'effectue sur une base de 40 cas (diagnostics). L'evaluation se 
presente sous la forme d'une comparaison entre Ie mouvement vertical et la couverture de nuages bas et moyens. 
De plus, une comparaison est faite avec les previsions 0-12 heures de la vitesse verticale produites par Ie modele 
aox Elementa Finis Regional du Centre Meteorologique Canadien. 

Cette derniere comparaison represente une mesure de I 'utilit6 de la methode proposee, qui demande une banque 
de donnees et des ressources informatiques beaucoup plus restreintes que celles necessaires Ii l'exploitation d'un 

130 



IllOdele numtrique. Donc la ml!thode d'estimation du mouvement vertical A I' aide des donnees de surface, peut 
representer une alternative interessante aux produits numtriques, en plus d'etre utilisee comme plate-forme A 
I' evaluation et A la critique des previsions num6riques du mouvement vertical. 

MESOSCALE BLOCKING AHEAD OF COLD FRONTS AND MOUNTAIN RIDGES 

Peter Taylor and Keith Ayotte 
Department of Earth and Atmospheric Science, York University, North York, Ontario. 

Detailed examination of cold frontal passages over Sable Island durine the 1986 CASP field study shows that in 
many cases the change in wind direction started 15-60 min ahead of the temperature decrease. We believe that 'Ibis 
is a mesoscale blocking effect, not linked to wind shifts associated with preceding warm fronts, upper level cold 
fronts or warm conveyor belts. The phenomenon is apparently 'known' to operational mesoscale forecasters but 
we have been unable to find an explanation or much discussion in the literature. In most of our cases the frontal 
zone velocity was greater than the near-surface (10m) front-normal component of wind speed in the cold air behind 
the front. This could lead to the creation of an elevated 'nose' to the front but it is hard to envisage the temperature 
decrease being delayed by more than a few minutes as a result since the air column beneath the nose would be 
hydrostatically unstable, convective overturning would occur and surface temperatures would start to decrease. Our 
hypothesis is that the delays are dependent on stable stratification, characterised by the Brunt-Vaisala frequency, 
N, in the warm air ahead of the fronts and that the process is similar to upstream blocking in stably stratified flow 
over topography. 

For upstream blocking or deflection in stably stratified, hydrostatic airflow over a mountain barrier or escarpment 
of height h, the dividing streamline height analysis provide by Sheppard (1956), Snyder et al (1985) and Smith 
(1989, 1990) can be extended to include downward momentum transfers in the turbulent boundary-layer and leads 
to an estimate of the approximate upwind extent of the 'blocked' flow at the surface as L" (U'/4u. ')(h-U/N), 
where II" is a characteristic friction velocity in the flow ahead of the blocked region. This is of the right order of 
magnitude to explain our frontal observations. Numerical model results for stably stratified hydrostatic boundary­
layer flow over 20 ridges will be used to illustrate the process. 

OBSERVATIONAL SYSTEMS FOR MOIST CONVECTION AND MESOSCALE DYNAMICS IN THE 
ATMOSPHERE 

Jacques Testud 
Centre de Recherche en Physique de l'Environnement, CNET, Issy les Moulineaux, France 

The role of mesoscale dynamical processes in moist convection is now well recognized, at midlatitude and in the 
tropics as well. At midlatitude, the "conditional symmetric instability" (CSI), a typical mesoscale instability, is 
often used to explain some frontal rainbaods. In the tropics, the spiral rainbaods of the hurricanes developing on 
the Gulf of Mexico, or the great squalllioes which sweep regularly West Africa at the rainy season, are among the 
most typical examples of the manifestation of a mesoscale process. 

To understand this kind of phenomenon, a wide range of scales should be covered, from the synoptic to the 
microphysical. This justifies the conception and the deployment of big field experiments coordinating a wide variety 
of instruments: radiosonding units, wind profiler radars, meteorological Doppler radars, in situ ground 
mesonetwork, in situ aircraft measurements, etc. To interpret the data of such experiment, the "natural" approach 
would be to assimilate them in a mesoscale numerical model. However there are limitations in this approach 
bounded to the difficulty for any model to assimilate high density data. The other approach followed by the 
experimenters has been to introduce some physics in the data processing in order to retrieve from them meaningful 
information, as the flow field or the pressure and temperature field, directly comparable with the output of a 
mesoscale model. The aim of the present paper is to illustrate by specific examples this last approach and to show 
how it has helped experimenters i) in providing new insights in the physical processes, ii) in testing the validity of 
theoretical ideas, and iii) in elaborating comparison between experience and model. 
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WATER VAPOR PLUME CHARACTERISTICS ASSOCIATED WITH THE EXTREME HEAVY RAINFALL 

Wassila Thiao' et Roderick A. Scofield' 
'Direction de la Met&Jrologie NationaJe du Senegal 
'NOAAINESDIS/Satellite Applications Laboratory, Washington D.C. 20233 

GOES 6.7 um Water Vapor C'NV) imagery have been used to study the relationships between the WV plumes and 
the extreme Heavy rainfall (5 inches or more) over the United States. The work covers a 3-year summer period 
(June through September 1989-1991). 

More than 80 cases have been selected and nearly 94 % were associated with a wen defined WV plume. These WV 
plumes originsting either from the ITCZ or from the polar regions often interact and are associated with a coupling 
of low-level and upper-level forcing mechanisms i.e. Equivalent Potential Temperature and Jet Stream respectively. 
Therefore a classification of the WV plume characteristics evolved into 5 categories. An examination of the 300 
MB analyses shows that for 86% of the cases, the rainfall area is located in the trough to ridge position while 14% 
is located in the ridge to trough position. 

The present study shows that the WV plume appears to be one connecting link between the global (climate) scale 
and the meso-storm scale resulting in the flash flooding. 

A NEW MODEL FOR PREDICTING THE NORTHERN DIVERSION RATE AND RETURN TIMING OF 
FRASER RIVER SOCKEYE SALMON 

K.A. Thomson', W.J. Ingraham', P.H. LeBlond', M.C. Healey', C. Groot' and C.G. Healey' 
'Department of Oceanography, University of British Columbia, Vancouver, B.C., Canada, V6T 1Z4. 
'NOAA/Alaska Fisheries Science Center, Seattle, WA, USA, 98115-OO70. 
'Department of Fisheries and Oceans, Pacific Biological Ststion, Nanaimo, B.C., Canada, V9R 5K6. 
'Department of Computer Science, University of British Columbia, Vancouver, B.C., Canada, V6T 1Z2 

We hypothesized that the variability of Northeast Pacific Ocean currents affects the latitude of landfall, migration 
speed, and time of arrival of sockeye salmon (Oncorhynchus nerka) returning to the Fraser River. The OSCURS 
(Ocean Surface Corrent Simulations) model was used to simulate the return migration paths of sockeye by seeding 
the model with non-passive drifters. Initial simulations focused on 1982 and 1983, two years with significantly 
different Northern Diversion Rates of 22 % and 80 %, respectively. Consistent with our hypothesis, the relatively 
strong circulation of 1983, compared to 1982, accounted for northward deflections of over 550 km, migration speed 
differences of over 20 cm/s, and differences in arrival dates of over two weeks (Thomson et aI., 1992a and 1992b). 
We suggested that the effects of Northeast Pacific currents must be included in sockeye migration models, and 
proposed a new conceptual model for the prediction of the Northern Diversion Rate and return timing which 
includes Blackboum' s (1987) temperature-displacement model, enhanced to include the effects of currents during 
the ocean phase of migration, and the use of two predictive formulas for the coastal phase of migration: the formula 
of Xie and Hsieh (1989) for sockeye approaching Vancouver Island directly from the ocean, and a yet-to-be­
developed formula for sockeye approaching Vancouver Island from the north in the Coastal DOWDwening Domain. 

We have since simulated the migrations of compass-orientsted sockeye from 1946 to 1990. This paper win present 
our conceptual model and discuss our progress towards verifying the model components. 

132 



THREE-DIMENSIONAL DIAGNOSTIC MODELLING OF THE DENSITY-DRIVEN CIRCULATION IN THE 
GULF OF ST. LAWRENCE 

C. Toro' , V. G. Koutitonsky', and R.E. Wilson' 
'Department of Oceanography, Universit6 du Quebec II Rimouski, Rimouski, Qc. 
'Institot National de la Recherche Scientifique (lNRS) - Oceanologie, 310, Allee des Ursulines, Rimouski, Quebec, 
G5L 3A1, CANADA. 
'Marine Sciences Research Center, SUNY, Stony Brook, N.Y., U.S.A. 

A three-dimensional eddy-resolving model was developed for the Gulf of St. Lawrence, with levels at 30, 50, 100 
m. Diagnostic simulations were performed , using monthly-averaged three-dimensional density fields, in order to 
describe the density-driven circulation at monthly time scales. Results show that the circulation is generally 
cyclonic, and mostly confined to the upper layers. This confirms earlier findings. The bottom circulation shows an 
upstream flow from the north-eastern Gulf and Cabot Strait which is directed to the north-western Gulf and to the 
St. Lawrence R!tuary, respectively through the Jacques-Cartier and Honguedo straits. 

the major features of the circulation are a cyclonic eddy situated in the north-western region, a strong almost year­
round seaward flow in surface and intermediate layers that follows the Laurentian Trough, the Gaspe Current, and 
a coastal current along the western Newfoundland shore. Other important featores that appear periodically in the 
numerical simulations are different eddies. The results also show a coastal current which originates near the southern 
side of Cabot Strait and flows southward into the Magdalen Shallows, along the west coast of Cape Breton Island. 

One conclusion of this study is that the different regions of the Gulf of SI. Lawrence show an important 
interdependence at climatic time scales. This suggests that the Gulf must be considered as a coherent dynamic entity 
which affects most of its regions. 

EFFECTS OF SALINITY AND SURFACE TENSION ON MICROBUBBLE-MEDIATED SEA-TO-AlR 
TRANSFER OF SURFACTANTS 

Ruo-Shan Tseng', John W. Brown' and· Richard A. Skop' < 

'Department of Marine Resources, National Sun Yat-Sen University, Kaobsiung, Taiwan 80424, R.O.C. 
'Division of Applied Marine Physics, Rosenstiel School of Marine and Atmospheric Science, University of Miami, 
4600 Rickmhacker Causeway, Miami, FL 33149, U.S.A. 

A series of experiments in artificial seawater were conducted to study the effects of salinity and surface tension on 
the bubble-mediated sea-to-air transfer of surfactants. The surface tension induced by bubbling and the bubble 
transport of C14-labeled oleic acid from seawater to the air-water interface and, thence, to a height of 10 cm above 
the water surface by bubble bursting were measured. We have found that as the salinity increased from 0 ppt to 
35 ppt (in conditions free from contaminstion), slightly more oleic acid was transported from seawater to the water 
surface and, in tum, to the air. It was also found that the effects of contamination by surface-active substances in 
the seawater was to increase the surface pressure (i.e., reduce the surface tension), which, in consequence, altered 
the droplet ejection process, resulting in increased transport of oleic acid to the air. 

VARIABILITY TRENDS IN BRITISH COLUMBIA PRECIPITATION 

Stanton E. Tuller 
Department of Geography, University of Victoria 

Tuller (1990) and Moore (1991) reported apparent increases since 1950 in the variability of precipitation at two 
stations in southwestern British Columbia and in Fraser River flow, respectively. The present paper investigates 
in more detail the year-to-year variation of annual total precipitation at 13 B.C. stations. Lag-1 autocorrelation and 
the probability of two years wetter or drier than the long-term median occurring consecutively indicated that stations 
located in the Fraser, Thompson and Okanagan River basins and on southern Vancouver Island bad somewhat 
greater variability in the latter part of their records. Stations located in the southeast, northeast and north coast areas 
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of the province showed no change or a decrease in variability. Station density is not sufficient to confirm the 
coherence of these regional pattern., however, and shorter cycles in variability dominate the records of all stations. 
Considering all stations together; the late 1920., mid-194Os and mid-to-late 1950. were periods of relatively low 
variability. The late 1930. through esrly 1940. and the mid-1980. had relatively high variability. 

Moore, R.D. 1991 "Hydrology and water supply in the Fraser River basin" in A. Dorcey and J. Griggs eds. Water 
in Sustainable Development: Explorin& Our Common Future in the Fraser River Basin, Westwater Resesrch Centre, 
pp. 21 - 40. 
Tuller, S.E. 1990 "Precipitation treods at Victoria, British Columbia", Climatological Bulletin, 24: 158 - 167. 

LE PROFILEUR DE COUCHE UMITE COMME INSTRUMENT D'OBSERVATION DE MICROPHYSIQUE 

Marie-France Turcotte', Isztar Zawadzki', R .R. Rogers' 
'D6partement de physique, UQAM 
'Departmeot of Atmospheric and Oceanic Sciences, McGill University 

I.e profileur (radar Doppler pointe quasi-verticalement) de A • 30 cm a 6t6 developpe pour pallier la deficience 
des profileurs troposph6riques-stratospheriques II courtes distances. Un profileur de couche limite sera installt! 
prochainement II Montr6aJ. Les caract6ristiques de ce radar et les possibilit6! d'observation des distributions de 
tailles d'hydrom6l1!ores seront presentees avec des exemples de mesures prises durant I'experience HARP II 
Hawaii. 

SPACEBORNE AND AIRBORNE SAR IMAGERY OF OCEAN WAVES FROM ERS-l VALIDATION 

Paris W. Vachon, A.S. (pal) Bhogal* 
Canada Centre for Remote Sensing, 588 Booth St., Ottawa, Ont. KIA 0E4 
"Under contract from Inters Kenting, 2 Gurdwara Rd., Suite 200, Nepean, Ont., KIA 2E2 

The European Space Agency's ERS-l satellite was launched in July 1991. The ERS-I Synthetic Aperture Radar 
(SAR) Wave Spectra Validation Project is one ERS-I geophysical validation activity. The field program ran from 
10 to 26 November, 1991. During that time there were 12 ascending or descending ERS-I SAR passes over a 
crosso{)ver node located on The Grand Banks of Newfoundland, about 100 nm south-east of SI. John' s. The 
crosso{)ver node formed the principal validation site and the focus of the in situ measurements conducted from the 
Bedford Institute of Oceanography (BIO) research vessel 'CSS Hudson'. The in situ data include wave and wind 
measurements from 'Hudson' and moored buoys. 

In addition to the ship-based program, the validation site was overflown by the Canada Centre for Remote Sensing 
(CCRS) CV -5BO C-band SAR on seven occasions. Each flight was coincident with an ERS-I SAR pass. 

In this paper, we present some initial spectral analysis results from nesrly coincidental spaceborne and airborne SAR 
imagery of ocean waves obtained during the validation field program. We consider the effect of the platform 
height-to-velocity ratio (hN) on velocity bunching (the principle wave imaging mechanism for SAR) for the 
spaceborne (hN = 120 s) and airborne (hN = 15 s) cases. We provide preliminary comparisons of the SAR 
spectra with the other field program data and consider the wave field homogeneity as measured by the two SARs. 

NUMERICAL MODEUNG OF ENTRAINMENT AND CLOUD DROPSIZE DISTRIBUTION 

P. Vaillancourt and M. K. Yau 
Department of Atmospheric and Oceanic Sciences, McGill University 

A dynamic cloud model with a detailed treatment of the condensation process is used to simulate the development 
of cloud dropsize spectra in a non-precipitating cumulus cloud. It was found that vortex circulations and penetrative 
downdrafts entrained environmental air into the could both from the cloudtop level and from the sides. Mixing leads 
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to multimodal cloud dropsiz.e distributions when the mixture undergoes some lifting resulting in new drops being 
nucleated. In diluted regions, the mean radius of the distribution decreases while the standard deviation increases. 
However, the simulation gives no evidence that mixing would lead to the production of large drops. 

EFFECfS OF TIDAL MIXING OVER A SILL ON ESTUARY/OCEAN EXCHANGE 

A. Valle-Levinson and Robert E. Wilson 
Marine Sciences Research Center, SUNY at Stony Brook, Stony Brook, NY, 11790-5000, Ph. (516)632-8714 Fax 
(516)632-8820 

Lona Island Sound is subject to strong cooscillating barotropic tides. Basin morphology is characterized by both 
a channel constriction and a sill at the seaward end. Current and CfD observations provide evidence for a 
modulation of density circulation over the sill. The outflow is confined to a relatively thin surface layer; inflow 
occurs in a tidally mixed bottom layer occupying much of the water colunin. Strong bottom fronts are found 
towards the seaward side of the sill and occasional Sl\rface fronts appear landward of the sill. Numerical 
experiments are preaented to elucidate the interaction of density driven circulation with the spatially variable tidal 
mixing. The numerical experiments involved the adjustment of a uniform longitudinal density gradient over a simple 
sill topography. Effects of tidal mixing were incorporated through use of a mixed layer model forced by the 
spatially variable barotropic tidal current and the evolving ambient stratification. 

Results illustrate the sensitivity of the haroclinic adjustment to the tidal velocity amplitude and to the height of the 
sill. At lower tidal velocity amplitudes the effects of vertical mixing are evident only near the bottom. The surface 
flow accelerates and is confined to the upper layers of the water column. At higher tidal velocity amplitudes, 
vertical mixing is more vigorous and affects the entire water column over the sill. This contributes to the formation 
of a strong surface front and a weaker bottom front near the sill. Secondary motion at these fronts tends to 
recirculate much of the gravitational flow landward and seaward of the sill. 

AIRBORNE RADAR MEASUREMENTS OF OCEAN SURFACE CHARACTERISTICS DURING THE ERS-l 
SAR CALIBRATIONIVALIDATION EXPERIMENT '. 

Douglas C. Vandemark, Edward I. Walsh, Iohn L. Ward • 
NASA Goddard Space Flight Center, Laboratory for Hydrospheric Processes, Wallops Island, VA 23337 
Calvin T . Swift, Ellen I . Martin 
Microwave Remote Sensing Laboratory, University of Massachusetts, Amherst, MA 01003 
Bertrand Chapron 
Department of Spatial Oceanography, IFREMER Centre de Brest, Plou"""e, FRANCE 

Measurements of ocean directional wave spectra, significant wave height and mean surface roughness over the 
Grand Banks of Newfoundland were recently made using the combined capabilities of the radar ocean wave 
spectrometer (ROWS), scanning radar altimeter (SRA) and advanced applications flight experiment (AAFE) Ku·band 
altimeter. The instruments were flown aboard the NASA WFF P3A aircraft during a series of ERS-l underflights 
from 14-20 November 1991. 

The NASA/Goddard Space Flight Center's ROWS is a 14-GHz pulse~ompressed radar which uses a near-nadir 
pointing scanned antenna to derive directional spectra from the radar return [Iackson, 1985]. For this experiment, 
the ROWS was modified to cycle at a SO Hz rate between the scanning spectrometer antenna and a wide beamwidth 
nadir altimeter mode. This change allows the sensor to simultaneously measure directional wave spectrum, wave 
height and surface roughness. Goddard's SRA sensor [parsons and Walsh, 1989] is a 36-GHz short pulse radar 
altimeter which uses a cross track scanning technique combined with a large aperture antenna to produce directional 
wave spectra by directly measuring surface wave topography. The SRA is an improved replacement of the Surface 
Contour Radar [Walsh et ai, 1985, 1989]. The University of Massachusetts has recently refurbished the AAFE 
altimeter. The AAFE is a 14-GHz pulse~mpressed radar altimeter with very fine (41 cm) range resolution. 
Because of conflicting operating altitude requirements, the SRA and ROWS are not operated together. The SRA 
flew the first underflight; ROWS the remaining three. The AAFE altimeter collected data on all flights. 
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A brief summary <each instnunent's measurement capabilities will be given followed by intercomparison of ROWS 
and SRA directional wave field estimates with in situ and SAR derived wave products. Additionally, we will 
present altimeter derived estimates of sea surface wave height and wind speed along the 600-800 kin flight lines 
which should provide additiooal information on ocean submesosca\e « 10 kin) variations near the time of the 
satellite overpass. 

Jackson, F. C . , W. T. Walton, and P. L. Baker, 'Aircraft and Satellite Measurement of Ocean Directional Wave 
Spectra using Scanning-Beam Microwave Radars, ' Journal of Geophysical Research, 90, 987-1004, 1985. 
Parsons, C. L. and E. J. Walsh, 'Off-Nadir Radar Altimetry,' IEEE Trans. Geoscience Remote Sensing, 27, 
215-224, 1989. 
Walsh, E . J. , D . W . Hancock III, D. E. Hines, R . N . Swift, and J. F. Scott, 'Directional Wave Spectra Measured 
with the Surface Contour Radar,' Joumsl of Phys. Oceanog., IS, 566-592, 1985. 
Walsh, E. J., D. W. Hancock III, D. E. Hines, R. N. Swift, and J. F. Scott, • An Observation of the Directional 
Wave Spectrum Evolution from Shoreline to Fully Developed," Journal of Phys. Oceanog. , 19, 670-690, 1989. 

EFFECTS OF CLOUD SHAPE ON CLOUD ALBEDO 

T. Vamai, R. Davies 
Department of Atmospheric and Oceanic Sciences, McGill University, Montreal, P .Q. H3A 2K6 

The intensity of solar radiation reflected by clouds depends strongly on the cloud geometry. Thus cloud shape is 
an important factor affecting the energy budget of tho whole climate system. 

Significant research has already been done to describe the effect of cloud geometry on the radiation field. 
Investigaton often assume that the clouds' horizontal cross section is either a square or a disk. The albedo of 
cuboidal and cylindrical clouds have been compared by Welch and Wielicki and by Breon; bowever, they drew 
contradicting conclusions. In the present work, we compared these two cloud shapes to evaluate their conclusions. 
We used Monte Carlo simulation for the comparison and have obtained results for both cloud albedos and 
bidirectional reflection functions. Also the differences have been examined in cases of random cloud orientation. 

Our results seem to indicate that the albedo of cloud fields depends mainly on two factors. One is the cross 
sectional area of the clouds as seen from the direction of the Sun. This determines the number of photons entering 
the clouds. The other main factor is the optical thickness of the clouds in the direction of smallest value, which 
is the main determinant of the average time the photons spend within the cloud. This assumption was found to be 
fairly good if the cloud spacing was large enough, so that the cloud-cloud interactions were not significant. 

VALUE ADDED TO STATISTICAL WEATHER ELEMENT FORECASTS THROUGH ERROR-FEEDBACK 
POSTPROCESSING SYSTEMS 

Richard Verret and Nathan Yacowar(l) 
Development Branch, Canadian Meteorological Centre 

Weather element forecasts may be available from different sources and may be based on the output of different 
driving models. The sources may include direct model output and statistical-<iynamical forecasts based on Model 
Output Statistics(MOS) or Perfect Prog (PP) techniques. The MOS technique has the advantage over the PP 
approach by implicitly taking account of systematic errors in the driving model and using predictors which are not 
available in the PP system. The MOS technique also recognizes the predictability of the model parameters and 
allows for the selection of different predicton according to reliability with projection time. As the skill of the model 
predictions deteriorates, the MOS forecasts will tend toward the mean of the development sample. On the other hand 
the PP technique uses a much larger development data base, is independent of the driving model and by its nature 
tends to produce sharper forecasts than the MOS system. The experience at the Canadian Meteorological Centre 
(CMC) has shown that the PP forecasts have higher skill scores for the early projection times and the MOS forecasts 
in later projection times. The PP forecasts are sharper, the MOS forecasts have higher reliability. 
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However, as model changes are becoming more numerous, the dependency on MOS techniques is severely curtailed. 
M OS forecast systems become unrepresentative as the model changes. Recomputation of statistical relationships 
are required. The short lenght of data that is available often may be unrepresentative of the true climate because 
of the particular weather regime that existed durina that period. 

The approach at CMC has been to apply error feedback postprocessing techniques to the basic PP forecasts to allow 
the forecast system to take on many of the desired MOS attributes. The objectives are to reduce the forecast errors, 
increase the reliability, improve the forecast distribution and the sharpness of the forecasts. Calibration, bias 
correction, error feedback and anomaly reduction techniques have been imposed to reduce biases in the forecasts 
as well as the departures from normal with projection time. In another application, the frequency distribution of 
forecast ranges is made to resemble that of the observed data. These techniques are model dependent and must be 
updated continuously. However, the manipulations are simple to perform, are not nearly as cumbersome as 
regression schemes and can be automated to some extent. The adaptations are dependent on forecast type, projection 
time, forecast range, time of year and location. This provides an efficient and inexpensive replacement for a full 
scale MOS system. 

The merging of PP forecasts with important model dynamical variables indicates considerable promise for future 
development. Probability of Precipitation forecasts were blended with direct model forecasts of precipitation amount 
to produce improVed forecasts. This later parameter contains tho most important predictors that would have been 
used in a pure MOS system, mainly vertical motion, precipitable water and relative humidity. 

The identification of synoptic patterns associated with anomalous weather occUrrences will be useful in increasing 
the sharpness in forecasts and the detection of extreme events. The use of rule based system such as the tree 
diagram approach will then be applied to enhance and supplement the original forecasts. 

Different error-feedback techniques applied on CMC operational statistical weather element forecast systems will 
be discussed and their value added clearly demonstrated. 

(1): N. Yacowar retired from the Canadian Atmospheric Environment 
Service in March 1991. 

ON THE INTERPRETATION OF REGIONAL CliMATE CHANGE SCENARIOS qENERATED BY GCMS 

Dr. D.L. Verseghy 
Canadian Climate Centre 

Doubled-C02 simulations have been carried out by a number of GCM groups worldwide, including the numerical 
modelling division of the Canadian Climate Centre. With the publication of the results of these experiments, data 
on projected regional changes in surface screen temperature, precipitation rates, soil moisture, etc., have been made 
available to general public. 

Some researchers have been prompted to use the information thus provided to undertake detailed analyses of 
regional climate chanae, with its impacts on agriculture, forestry, water resources, etc. However, such attempts 
are fraught with pitfalls for the unwary. Because the resolutions used to date have been quite coarse, and because 
the land surface schemes coupled to GCMs have hitherto been rather crude, there are large uncertainties associated 
with the regional climates simulated even under present-day conditions. In this presentation, an analysis will be 
given of the problems caused by coarse resolution, and the systematic errors associated with land surface schemes 
which are based on the force-restore method for soil temperatures and the "bucket" model for soil moisture. The 
improvements gained by using a more physically-based land surface scheme will be discussed. 
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MODELISATION ET SUIVI DE LA CLIMATOLOGIE DES EAUX DU GOLFE SAINT-LAURENT A PARTIR 
DES IMAGES NOAA-7 ET NOAA-9. 

Dr. Alain A. Viau et Dr. Alfonso Condal 

Departement des sciences geodesiques et de teledetection, Universite Laval, Sainte-Foy (Quebec), GlK 7P4. 

La comprehension du rOle du golfe sur les changements climatiques regionaux necessite celIe des scbemas de 
circulation oceanique saisonnier ainsi qu 'une bonne connaissance de la climatologie des eaux du golfe sur une base 
inter-annuelIe, inter-mensuelIe et inter-saisonni~re. 

Cela supporte la th~ qu'i1 faut avant tout definir la climatologie des eaux du golfe et d'en evaluer la sensibilite 
aux variations climatiques. La dynamique du golfe Saint-Laurent au niveau de son regime thermique a fait I'objet 
de nombreuses etudes (Lauzier et Marcotte, 1965; Neu, 1970; Weiler et Keely, 1980; Vigeant, 1987). L'ensemble 
des etudes demontrent clairement Ie besoin d'un meilleur support en terme d'outils et bases de donnees pour Ie 
suivi et la modelisation de la climatologie du golfe. 

Dans cette avenue, Condal et aI., (1984, 1991) ont developpe une approche permettsnt la restitution des 
temperatures de surface pour la region du golfe Saint-Laurent a partir des donnees satellitaires (A VHRR-NOAA). 
L'integration des donnees multi-sources (climatologiques, oc6anographiques et satellitaires) a I'interieur d'un SIRS 
devient alors la solution pour I'etablissement et Ie suivi de la climatologie du golfe. Ainsi Ii partir d'une serie 
d'images NOAA-9 couvrant la p6riode 1984 - 1988, nous avons effectue une premiere classification des champs 
thermiques des eaux de surface pour une region du golfe Saint-Laurent (centre des images: Lat 490 N Long. 6300). 
Les resultats demontrent que Ie suivi de la variation spatiale des temperatures de surfaces, Ii partir de I'imagerie 
satellitaire, associee aux scbemas de circulation oceanique rend possible Ie suivi et I' etude des transformations 
globales du regime thermique des eaux du Golfe. Cette etude vise I'elaboration d'un systolme integre d'analyse 
du regime thermique du Golfe par I'utilisation d'un modele de simulation numerique. 

STRATOSPHERIC POLAR OZONE DEPLETION AND ITS IMPACT ON SURFACE UV-B RADIATION 

R.K.R. Vupputuri 
Atmospheric Environment Research, Richmond Hill, Ontario 

Since the discovery of large spring ozone decline in the Antarctic by Farmer et aI. (1985), a number of theories 
have been advanced to explain the phenomenon of anomalous seasonal ozone decline in the polar regions. Some of 
the theories are chemically oriented while others are purely dynamical in nature. This paper presentation reports 
on a study which examines these proposed theoretical mechanisms in a 2-D time dependent Eulerian circulation 
model which takes into account the major interactions between chemistry and dynamical transports in the 
stratosphere. The model simulations are carried by modifying the normal large-scale eddy mixing coefficients and 
the stsndard gas phase chemistry to represent the anomalous dynamical and heterogeneous chemical conditions 
during winter and spring in the polar regions. The results wilI show that both dynamics and heterogeneous 
chemistry play important roles and that it is necessary to invoke a mixed dynamical-chemical mechanism to ·explain 
the anomalous seasonal ozone column declines in the polar regions. Also discussed wilI be the impact of calculated 
stratospheric polar (both Arctic and Antarctic) ozone depletions on UV-B radiation reaching the earth's surface. 

NEW PBL RESISTANCE LAWS: A PROPOSAL 

John L. Walmsley 
Atmospheric Environment Service, 4905 Dufferin Street, Downsview, Ontario, M3H 5T4 Canada, Tel. 
416-739-4861, FAX 416-739-4288 

A best-fit polynomial through observations of geostrophic drag coefficients suggests that the traditional form of the 
Planetary Boundary Layer (PBL) Resistsnce Laws, also known as Drag Laws or Similarity Laws, is inadequate. 
A new form is derived from a generalization of the theory. FolIowing are some conclusions of this work: 
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a) Acconling to theory, both Y = (kIC,)cos a and Z = (kIC,)sin a are linear in In(Ro*), where Cg = u*'O 
i. the geostropbic drag coefficient, u* i. the friction velocity, G i. the geostrophic wind speed, a i. the 
surface cross-isobar angle, k i. von Karman'. constant, Ro· = u*'(f zO), f i. the Coriolis parameter and 
zO i. the roughness length, regardless of whether the traditional or proposed new values of the constants 
are used. 

b) Provided G, a, u*, f and zO are available, the most appropriate way to present data is by plotting Y vs. 
XandZvs.X. 

c) The new formulation for Resistance Laws for the neutral PBL allows for four rather than the traditional 
two constants, riving two extra degrees of freedom when fitting to observed data. 

d) When comparing the neutral PBL Resistance Law with a set of data assembled for the purpose, plots of 
Y vs. X and Z vs. X show that the new form achieves slightly better results than the traditional form for 
Y and significantly better for Z. 

EXAMINATION OF THE REGIONAL VALIDITY OF THE CCC GCM CliMATE SIMULATIONS FOR THE 
EASTERN ARCTIC 

H. Wang and J.D. Jacobs 
Department of Geography, Memorial, University of Newfoundland, St. John's, Newfoundland 

Equilibrium simulations by current general circulation models to estimate the sensitivities of climate to a doubling 
of CO2 concentration are in general agreement in the sense of global annual average. However, with respect to 
regional and seasooaI projections, there are substantial differences among the simulations of various models (Grotch, 
1991). 

Aa a first step, attempts have been made to examine the ability of the Canadian Climate Center general circulation 
model (CCC GCM Version II) to simulate the present climate on a regional scale; specifically, a region centered 
on Baffin Island in the Canadian Arctic (60-800 N, 60-90°W). Co~arison between lxC02 simulations and 
observations of temperature and precipitation in the region reveals large errors in the model simulations. This 
suggests that, although the model is able to simulate the present climate in the global perspective, regional 
departures can be large. Inadequacies of the observational record (baseline) in the Canadian Arctic, on the other 

< 
hand, obviously result in the uncertainties of the model validation in the sense of the baseline. A method of 
improving the resolution of the baseline climate by integratin& data from short period stations, including automatic 
stations, will be presented. 

Comparisons between lxC02 and 2xC02 climate simulated by the CCC GCM present a possible scenario of 
climatic change induced by increased CO2 in the esstern Arctic. However, this is only one possible equilibrium 
climate of the future rather than a prediction. The low quality of the model simulation of present regional climate 
clearly indicates the uncertainty of sensitivity studies using general circulation models. Therefore, impact studies 
on the model simulation should be carried out with the awareness of 'regional uncertainty'. The method presented 
here can contribute to the reduction of that uncertainty. 

A NUMERICAL SIMULATION OF SEA ICE CIRCULATION IN HUDSON BAY 

Iia Wang, L.A. Mysak and R.G. Ingram 
Department of Atmospheric and Oceanic Sciences and C'GCR, McGill University, Montreal, Quebec, Canada H3A 
2K6 

The thermodynamic and dynamic numerical model of the plastic-viscous sea ice (the Hibler 2-level model, 1979), 
was used to simulate the sea ice flow, thickness, and compactness in Hudson Bay under atmospheric thermodynamic 
and dynamic forcing. The seasonal cycle of sea ice has been simulated using monthly forcing. Sea ice flow mainly 
depends on the wind stress and direction. Sea ice in James Bay appears inactive due to the boundary constraint. 
In agreement with observatiOllS, sea ice in summer piles up in the southern shore in Hudson Bay, even though the 
surface air temperature there is higher than the central and the northern Hudson Bay. This is mainly due to the 
northwestern wind. Similarly, the breakup in spring to the northwest of the Bay is also due to the northwest wind 
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forcina. The simulated sea-ice thickness distribution is also comparable to the observations. A sensitivity study 
shows the capability of this model in applicatiOD to a mesoscale ocean basin. 

DEEP WATER MASS PROPERTIES IN A 2.S-D MODEL OF THE GLOBAL OCEAN 

Dan Wright', Thomas Stocker' 
'Bedford Institute of Oceanography 
'Lamont-Doherty Geological Observatory 

A model of the aloha! ocean is described in which each of the Pacific, Atlantic, Indian and Southern Oceans are 
separately represented by zonally averaged equations for the conservation of momentum, mass, hest and salt. We 
present a fully nonlinear equation of state, which allows very efficient calculation of in situ density. 

We study the model's sensitivity to parameter changes and high latitude water mass modifications. The resulting 
ability to tune models is considered and the dangers of obtaining the 'right answers for the wrong reasons' are 
discussed. Deep water mass properties are studied with the help of a palette of stable, passive tracers plus a tracer 
modelling radiocarbon, which revesIs the time scales associated with the thermohaline circulation. Under annual 
mean forcing, using observed zonal mesns of surface temperature and salinity, we find an excess of North Atlantic 
Deep Water below 2000 m. By more realistically representing high-latitude surface forcina it is possible to bring 
the deep water mass properties substantially closer to observed values. 

Resctions to changes in external forcine sueaested by paleoclimatic data are considered, and results are related to 
geochemical evidence for the state of the ocean under these conditiODs. Implications for the role of the ocesns in 
determining climate change are discussed. 

THE PHYSICS OF MESOSCALE PHENOMENA 

M.K. Yau 
Department of Atmospheric and Oceanic Sciences, McGill University, MODtreal, Quebec 

Organized severe convectiOD over Alberta and the rapidly developing east coast storms are two prominent mesoscale 
phenomens affecting Canada. These systems may be viewed as the product of interactions between mesoscale and 
larger scale circulations. In the former case, it is the proper phasing of the upper-level flow and the low-level 
mountain-plain Circu1atiOD which lesds to the outbrea1c of severe conVectiOD. In the latter case, the release of 
potential instability in slantwise convection can sometimes interact with frontogenetic and cyclogentic processes 
leadine to rapid spin-up. These processes will be clarified from a synthesis of field observations and modeling 
results. 

SEISMIC-ACOUSTIC SENSING OF PROPERTIES AND FRACTURING OF SEA ICE 

Yunbo Xie'.l and David M Farmer' 

'Institute of Ocean Sciences, P.O. Box 6000, Sidney, B.C. Canada, V8L 4B2, Tel: 604-363.{j339; Fax: 604-363-
6798 
'Centre for Earth and Ocean Resesrch, University of Victoria, Victoria, B.C. Cansda 

The fracturina of sea ice results from stresses due to cooling, ridging or any straining processes that induce internal 
stress. The sound of ice fracturing reveals the failure process a cracking ice cover is undergoing, thus providing 
a useful signal for acoustic remote sensing of failure events. On the other hand, artificial sound sources can be used 
at an experimental site to probe the mechanical properties of the local ice in a scale of 1 km. 

In this paper, we describe an ice mechanics experiment which took place in March 1992 in Allen Bay near Resolute 
of NWT. For the first time, a combined geophone-hydrophone array was deployed for ice fracturing and 
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tomography studies. Both naturally occurring liacturing sound and artificially generated sound were digitally 
recorder. Our data sets show that liacturina sound recorded on hydrophone channels contains more infonnation 
on failure processes than geophone data alone can provide; aeophone data reveal the mechanical properties of the 
ice in terms of elastic wave speeds. While further analyses are still underway, our preliminary analysis has yielded 
a shear wave speed of 1777 m.s·' and a compressional wave speed of 3654 m. s·' for the first year ice over a scale 
of 200 metres. We will also show an upper-lifting failure event and the seismic and acoustic waves generated by 
this event. 

SATELLITE-VIEWED GLOBAL CLOUD DISTRIBUTIONS AND STATISTICS 

Zhen Z. Yu and J.R. Drummond 
Department of Physics, University of Toronto, Toronto, Ontario M5S lA 7 

In an attempl to create synthetic CO datasels used for data analysis and processing of the MOPITT (Measurements 
Of Pollution In The Troposphere) project, various ways of recreatina real-time global cloud distributions have been 
investigated. It has been found that the ISCCP (International Satellite Cloud Climatology Project) cloud data enable 
us to present a realistic satellite-viewed alobal cloud distribution and to study cloud statistics, its diurnal, seasonal 
and regional variations. 

Various approaches to present real-time cloud distributions and their time variations will be described. Results of 
comhining the MOPITT satellite tracks with cloud data will be reported. We will also present some aspects of cloud 
statistics made using the ISCCP Cl type cloud data. 

PREDICTABILITY OF PRECIPITATION PATTERNS ON THE MESOSCALE 

1. Zawadzki 
Dc!partement de physique, U.Q.A.M. 

To a certain extent conditions at a larger scale predetermine the behavior o{ pbenomena at the sotaller scale. A 
notion is developing that synoptic scale forcing renders the mesoscale behavior very predictable. This nolion, that 
we could call conditional predictability, comes from experience with numerical modeliog. 

On the other hand, researchers trying to develop methods of short-term forecasting of precipitation had little success 
beyond the use of persistence and linear advection of patterns. 

Taking the Lagrangean decorrelation time as a measure of predictability at the meso-8-scale a evidence will be given 
on the relationship between predictability and the degree of larger scale forcing. 

MESOSCALE VORTICITY STRUCTURE OF AN INTENSE SQUALL LINE 

Da-Lin Zhang 
Department of Meteorology, McGill University, 805 Sherbrooke Street West, Montreal, Quebec H3A 2K6 Canada 

There have been some ambiguities in recent observational studies on whether midlevel mesovortices develop in the 
descending or ascending flow of mesoscale convective systems (MCSs), and have a warm- cold-<:ore structure. In 
this study, the mesoscale vorticity structure of an intense squall line, that occurred on 10-11 June 1985 during PRE­
STORM, is examined using a 20-h high-restllution reaI-<lata simulation. 

It is found that the squall system is characterized by a warm-<:are vortex along the leading convective line and a 
cold-<:are mesovortex in the stratiform region with an intermediate deep anticyclonic vorticity mne. Of particular 
interest is that the cold-<:are vortex is intensified in the desceodini rear-to-front inflow as a result of continued 
sublimative, melting and evaporative cooling in the stratiform region. It has a horimntal scale of 120-150 km in 
the across-line dimension and more than 300 km in the longitudinal dimension, with its maximum intensity located 
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above the melting level. More importantly, this vortex tends to decouple from the upper-level front-to-rear 
ascending flow and the divergent outflow in the lowest layers. 

It is also found that the warm-core vortex dissipates and eventually merges into the cold-core vortex circulation as 
the system propagates into a convectively less favorable environment. At the end of the Iifecycle, the vortex 
circulation becomes the only remaining element of the squall system that can be observed in a deep layer and at a 
larger scale in the low- to mid-troposphere. The results suggest that mesovortices are ubiquitous in MCSs 'and the 
associated mesoscale rotational flow represents the basic dynamic effects of MCSs on' their larger-scale 
environments. 

OPTIMAL CONTROL OF OPEN-OCEAN BOUNDARY BY ASSIMILATING ALTIMETRY DATA INTO A 
REGIONAL CIRCULATION MODEL 

Jieping Zou and William W. Hsieh 
Department of Oceanography, University of British Columbia, Vancouver, B.C. V6T lZ4 

Open boundary conditions, in particular radiating boundary conditions, have been applied to regional circulation 
models with mixed success. The adjoint assimilation method enables optimal open-boundary control by assimilating 
data inside the model domain. The present availability 'of altimetry data prompted us to investigate the feasibility 
of using altimetry data to optimally control an open-boundary ocean model. To begin this exploration, data from 
a 2-gyre closed-domain harotropic quasi-geostrophic model are assimilated into a smaller regioual open-boundary 
QG model of the northern gyre. Preliminary numerical experiments with our new scheme for optimal boundary 
control appear promising. The long-term goal will be to develop an open-boundary adjoint assimilation model of 
the North Pacific sub-Arctic domain. 
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TWENTY-SEVENm ANNuAL CMOS CONGRESS 

The 27th Annual Congress of the Canadian Meteorological and Oceanographic Society will be held at the University 
of New Brunswick, Fredericton, N. B., Canada from June 8-11, 1993. 

The Congress will feature Theme Sessions on: 

- Forest and Agricultura\ Meteorology; 
- Biological-Physical Interactions in the Ocean; 
- Climate Modelling; and 
- Remote Sensing. 

Special sessions are also being planned on CASP II, circulation over abrupt topography, modernized weather 
services, ozone depletion, and tracers in the ocean. In addition, there will be sessions based on contributed papers 
in other ,areas of meteorology and oceanography. 

Oral and poster papers, and exhibits will be invited in a later announcement with an Abstract Deadline of 29 
January 1993. 

VINGT-SEPTIEME CONGREs ANNUEL DE LA SCMO 

Le 27- Congnls annuel de la Societe Canadienne de Meteorologie et d'Oceanographie se tiendra a l'Universit6 
du Nouveau-Brunswick, Frederictun, N.B., Canada, du 8 au 11 juin 1993. 

Le Congnls pr6sentera des sessions th6matiques portant sur les sujets suivants: 

- Meteorologie foresti~re et agricole; 
- Interactions biologiques-physiques dans I' ocean; 
- Modelisation climatique; et 
- Teled6tection. 

Sont egalement prevues des sessions speciales portant sur: PCET A II, la circulation au-d!'8SUS de topographies tnls 
accidentees, les services meteorologiques modemes, l'amincissement de 1a couche d'ozone et les traceurs dans 
I' ocean. De plus, des sessions sur divers autres domaines de la meteorologie et de l' oceanographie seront 
organisees. 

Un appel de communications orales, de sessions d'affichage ou de presentation d'exhibits sera lance ulterieurement. 
La date limite pour la sownission des ~wnls sera rlX~ au 29 janvier 1993. 

For further inConnation, contact: 1 Pour plus d'inConnation, contacter: 
• 

Mr. Dave Daugharty 
Chairman, Local Arrangements Committee 
Dept. of Forestry Resources 
University of New Brunswick 
Fredericton, N.B. E3B 6C2 
Tel.: 5061453-4501; FAX: 506/453-3538 
INTERNET: daug@UNB.ca 

Dr. John Loder 
Chairman, Scientific Program Committee 
Bedford Institute of Oceanography 
P.O. Box 1006 
Dartmouth, N.S. B2Y 4A2 
Tel.: 902/426-4960; FAX: 902/426-7827 
INTERNET: jloder@sable.bio.dfo.ca 
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