


The University of New Brunswick welcomes delegates to the 27th Annual CMOS Congress. Here are some notes to help get
you familiar with the facilities we will use.

ACCOMMODATION
There is an airport shuttle service to the University and downtown hotels (TRIUS Taxi, cost $6.00). We have a block of
rooms at the Lord Beaverbrook Hotel and the Sheraton Inn. UNB is about a 20 minute walk away from the Lord
Beaverbrook; turn left on Queen for 11/2 blocks, right onto University Avenue and straight ahead to UNB. The Sheraton
Inn is a little too far away to walk (= $4.50 by taxi).

UNB Residence: Tibbits Hall has been reserved for CMOS delegates. You can register at the Residence Administration
Ofice at any time (open 24 hours a day, 7 days a week). If you are arriving on Monday, someone from the Residence Office
will be at the CMOS Registration Desk from 12 noon to 8 pm, and then again on Tuesday morning from 8 am to noon. Visa
and Master Card are accepted for residence fees only.

FINDING YOUR WAY AROUND
The buildings we will use are close together, in the west-centre portion of the campus (see map on back cover). Scientific
sessions and most committee meetings be in Tilley Hall. We will use rooms 102 and 125 on the ground floor, 205 on the
second floor, and 303 on the third. These rooms are on the west side of the building close to a central stairway.

Coffee, posters, exhibits, social events, and some committee meetings are scheduled for the Student Union Building (SUB).
MEALS

Delegates will find the Garden Square Cafeteria in the SUB most convenient for their meals. The Cafeteria is open from 7
am to 11:30 pm, offering full course meals, a short order section, a deli and a bakery.

L'Université du Nouveau-Brunswick souhaite la bienvenue & tous les délégués (es) du 27 idme congrés annuel du CMOS,
Les informations suivantes vous aideront & vous familiarisez avec les facilitées que nous utiliserons.

HEBERGEMENT
Il y & un service de navettes entre l'aéroport, l'université et les hétels du centre-ville (les taxis TRIUS cofitent ~ $6.00).
Nous avons des chambres de réservées aux hétels Lord Beaverbrook et le Sheraton Inn. L'université est & environ 20
minutes de marche de I'h6tel Lord Beaverbrook; tourner & gauche sur la rue Queen et suivre cette rue pour un paté de
maison et demie, tourner ensuite 2 droite sur University Avenue qui vous menera tout droit & l'université. Le Sheraton Inn
est gitué un peu trop loin de l'université pour étre facilement accessible a pieds (=$4.50 par taxi).

Résidence de I'U.N.-B.: La résidence Tibbits Hall & été réservée a l'intention des délégués (es) du CMOS. Vous pouvez
vous inscrire au bureau d'administration de la résidence en tout temps (ouvert 24 heures par jour, 7 jours par semaine).
Une personne du bureau des résidences sera également a votre disposition au bureau d'inscription du CMOS de midi & 20
heures le lundi et de 8 heures & midi le mardi matin. Les cartes de crédit, Visa et Mastercard, seront acceptées uniquement
pour payer les frais d'hébergement & la résidence.

COMMENT VOUS RETROUVER
Tous les édifices que nous utiliserons sont gitués A proximité les uns des autres dans la portion cuest - centre du campus (se
référer & la carte au dos de la couverture). Les présentations scientifiques et la plupart des réunions du comité auront lieu a
Tilley Hall. Nous utiliserons la salle 102 et 125 sur le premier étage, la salle 205 sur le deuxidme étage et la salle 303 surle
troisidme étage. Ces salles sont toutes situées du coté ouest de 1'édifice & proximité des escaliers centrals,

Café, affiches murales, événements sociaux et quelques réunions de comité auront lien au Student Union Building (SUB).

REPAS
La caféteria le "Garden square” situé au SUB conviendra a la majorité des délégués (es). La cafétéria est ouverte de 7
heures & 23 heures 30. On peut s'y procurer des repas complets et on y retrouve également une section pour des repas légers,
une charcuterie et une boulangerie.
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Come to the 28th Annual CMOS Congress
to be held in the beautiful Nation’s Capital

Ottawa, Ontario

May 30 to June 3, 1994

( Theme -- "Science: addressing the issues” )
Scientific P Commi Local A C .
Geoff Holland Mike Hawkes

Telephone: (613)990-0298 Telephone: (613)996-3661

Fax: (613) 990-5510 Fax: (613) 995-4197

Please contact the Local Arrangements Committee regarding general inquiries
and the Scientific Program Committee for special sessions, workshops, etc.
Exhibitors, please contact John Falkingham at (613) 996-4552 to reserve your
prime floor space.

Rserve your time NOW and hope to see you in Ottawa next May during the tulip
festival.

Vous étes invités au 28€ Congras de la SCMO
qui aura lieu dans la magnifique Région de la capitale nationale

Ottawa, Ontario

du 30 mai au 3 juin 1994
( Théme -- "Science: des solutions aux problémes” )
Comité d {ontif . .
Geoff Holland Mike Hawkes
Telephone: (613)990-0298 Telephone: (613)996-3661
Fax: (613) 990-5510 Fax: (613) 995-4197

Prit¢re de contacter le Comité local d’organisation pour les reseignements d’ordre
général et le Comité du programme scientifique pour les sessions spéciales et les

ateliers de travail, etc. Pour les exhibits, contactez John Falkingham a (613) 996-

4552 pour réserver votre place de choix d’exposition.

Inscrivez MAINTENANT le Congres d’Ottawa a votre agenda dans l'espoir de
vous voir lors du festival des tulipes d’Ottawa le mois de mai prochain.



SCIENTIFIC PROGRAM
The program is divided into theme and special sessions covering a wide range of topics of current importance to meteorclogy and
ocennography. Each session is opened by an invited speaker.

Plenary sessions in Rm 102 start the program each day, and on Thursday afternoon; after these sessions, a five minute break allows
delegates to reach the concurrent session of their choice. There are no other breaks between papers, but session chairs will make sure that
papers in all sessions end at the same time to facilitate movement from one session to another.

Sesajona must atart at the times specified in the program. Delegates ave asked to carefully observe the starting and ending times of
breaks.The break on Wednesday afternoon has been lengthened to one hour to allow delegates time to view posters and to talk with their
authors.

Abstracts are printed in this program according to the order of presentation of papers. Abstracta for poster papers are included in their
appropriate seasion, and time for an oral précis has been included.

REGISTRATION DESK
The registration desk will be open throughout the Congress, and will function as an information centre after registration is complete. There
will be a phone at the desk (453-5091) available for local and credit card calls, and there will be a message board where delegates can leave
and receive measages; the message board will also be used to post last minute program changes.

SOCIAL FUNCTIONS
Monday: There will be an informal reception, with refreshments, in the Blue Lounge, starting at Tpm,

Tuesday: The Annual General Meeting will be held in Tilley Rm 125, at 8 pm.

Wednesday: The Patterson Medal, awarded by AES for distinguished service to meteorology in Canada, will be presented at a apecial
luncheon to be held in the SUB Ballroom. Everyone is encouraged to attend: tickets can be purchased at the Registration Desk ($10.00).

The Public Lecture will be one of the most interesting talks you will ever hear. It will be given in Tilley, Rm 102 at 7 pm (abstract on page 3).

Thursday: The banquet will feature Atlantic salmon and fiddleheads (a New Brunswick specialty); reception at 7 pm, dinner at 7:30 in the
SUB Ballroom.

PROGRAMME SCIENTIFIQUE
Le programme eat divisé en thémes et sessions spéciales couvrant une grande variété de sujets d'importances actuelles en météorologie et
océanographie. Chaque session est ouverte par un interlocuteur invité.

Des seasions plénitres dans la salle 102 (Tilley Hall) débutent chaque programme journalier. Une session plénidre aura également lieu
jeudi aprés-midi. Apres chaque session plénidre, une intermission de 5 minutes est planifiée afin de permetire aux délégués (es) de se
rendrent aux sessions de leurs choix. [l o'y aurs pas d'intermissions entre les présentations. Cependant, les présidents de chaque session
s'assureront que toutes les présentations se terminent & la méme heure afin de faciliter les déplacements entre les sessions.

Les sessions doivent débuter & I'heure spécifiée dans le programme. Les délégués (es) sont demandés (es) de respecter lea heures & lesquelles
débuteront et se termineront les intermiasions. L'intermission de mercredi aprés-midi durera une heure afin de permettre aux délégués
(es) de regarder les affiches murales et de s'entretenir avec leurs auteurs.

Les résumés contenu dans ce programme ont 64 imprimés d'aprés l'ordre des présentations. Les résumés pour les affiches murales sont
listés dans la session appropriée et du temps pour un compte-rendu oral a été incorporé.

BUREAU D'INSCRIPTION
Le bureau d'inscription sera ouvert pendant toute la durée du congres et sera utilisé comme centre d'informations dés que les inscriptions
seront complétées. [y aura un téléphone disponible au bureaw d'inscription (453-5091) pour les appels locanx et les appels avec cartes de
crédit. Iy aura également un tableau pour les messages o les délégués (es) pourront laisser on regevoir des messages; ce tableau sera
également utilisé pour afficher les changements de programme de derni2re minute,

FONCTIONS SOCIALES
Lundi: Il y aura une réception sans cérémonie, avec rafrafchissements, qui débutera 2 19 heures dans le aalon blen.

Mardi: La réunion générale annuelle aura lien dans la salle 125 de Tilley Hall & 20 heures,

Mercredi midi: La médaille Patterson, décernée par SEA pour service distingué a la météorologie au Canada, sera présentée lors d'un diner
special qui sura lieu & la salle de dance du SUB. Tous le monde est encouragé & v assister: les billets pourront étre achetés an burean
d'inscription ($10.00).

Ls lecture publique sera un des plus intéressants discours que vous aurez jamais entendu. Eile sera donnée a Tilley Hall, salle 1022 17
heures (résumé a la page 3).

dJeudi: Le banquet comprendra entre autres, du saumon de I'Atlantique et des crosses de fougdres (une spécialité du Nouvesun-Brunswick);
la réception aura lieu & 19 heures et le souper débutera a 19 heures 30 dans la salle de dance du SUB,



THE COMET IMPACT THAT KILLED THE DINOSAURS
Alan R. Hildebrand

Dr. Alan R. Hildebrand graduated from the University of New Brunswick in 1977 with a B.Sc. in
Geology. After working in the mineral exploration industry he returned to school at the
University of Arizona to earn a Ph.D. in planetary sciences in 1992. Now with the Geological
Survey of Canada, Alan is working on impact processes and the Cretaceous/Tertiary (K/T)
boundary event. His dissertation work revealed that the K/T crater is buried on the Yucatén
Peninsula of Mexico. The crater, which he named Chicxulub (Chick-shoo-loob), is ~ 180 km
across and is one of the largest craters known on the Earth. Alan will discuss the clues which lead
to the discovery of the Chicxulub crater and how this impact changed the Earth’s environment. The
atmospheric effects of this impact probably caused the extinction of the dinosaurs and many other
forms of terrestrial life. The probability of recurrence of a disaster of this magnitude and lesser
(but still deadly) impacts requires a measure of astronomical vigilance.

The Congress organization committee is very greatful to the following organizations for their
support and/or sponsorships or grants.

Le comité organisateur du congrés tient a remercier les organismes suivants pour leur support
et/ou leur aide financiére.

Air Canada
Atmospheric Environment Service
Department of Fisheries and Oceans
Forest Protection Limited
University of New Brunswick



E.P.W. Attema, European Space Research and Technology Centre
Remote Sensing/Télédéction (Friday a.m.)

C. Banfield, Memorial University of Newfoundland
Casp II & Cyclones/ Programme Canadien d’Etudes des Tempétes Atlantique et Cyclones (Tuesday p.m.)

K.H. Brink, Woods Hole Oceanographic Institution
Oceanography of Seamounts/Océanographie des Monts Sous-Marins (Tuesday a.m.}

A R. Hildebrand, Energy, Mines and Resources Canada
Public Lecture/Conférence Publique (Wednesday p.m.)

J. Imbrie, Brown University
Climate Modelling I - Long Time Scales/Modélisation du Climat I - Echelles sur de Longues Périodes
(Tuesday a.m.)

K. Kranck, Bedford Institute of Oceanography (**)

AJ. Kreuger, Goddard Space Flight Center
Ozone and the Ultraviolet/I’Ozone et les Rayons UV (Thursday p.m.)

D.L. Mackas, Institute of Ocean Sciences
Physical-Biological Interactions in the Ocean/Interactions Physiques-Biologiques dans 1'Océan
{Thursday a.m.)

J. Mills, Atmospheric Environment Service
Modernizing Canada’s Weather Service/La Modernisation des Service Météorologiques Canadiens
{Thursday a.m.)

AM. O'Toole, Atmospheric Environment Service
Ozone and the Ultraviolet/L’Ozone et les Rayons UV (Thursday p.m.}

dJ. Régnidre, Forestry Canada
Forest and Agricultural Meteorology/Météorologie Forestidre et Agricole (Wednesday a.m.)

B. Saltzman, Yale University
Climate Modelling I - Long Time Scales/Modélisdation du Climat I - Echelles sur de Longues Périodes
{Tuesday a.m.)

L.D. Talley, Scripps Institute of Oceanography (*)
World Ocean Circulation Experiment - Expérience Concernant la Circulation Océanique Mondiale )
{Wednesday p.m.)

D.W.R. Wallace, Brookhaven National Laboratory
Physical-Biological Interactions in the Ocean/Interactions Physiques-Biologiques dans I'Océan
(Thursday a.m.)

E.F. Wood, Princeton University
Hydrologic Cycle I - Land Processes & Hydrologic Modelling/Cycle Hydrologique I Processus Terriens
et Modélisation Hydrologique (Thursday a.m.)

{(*) Sponsored by the Canadian National Committee of WOCE
(**) Sadly, Kate Kranck passed away on March 30, 1993



Chairman/Président
J.W. Loder, Bedford Institute of Oceanography

Members/Conseillers
D.A. Daugharty, Faculty of Forestry, University of New Brunswick
F.W. Dcbson, Bedford Institute of Oceanography
0. Hertzman, Department of Oceanography, Dalhousie University
EP. Jones, Bedford Institute of Oceanography
G.B. Lesins, Department of Oceanography, Dalhousie University
K. MacDonald, Maritimes Weather Centre
F.H. Page, St. Andrews Biological Station

Chairman/Président
D.A. Daugharty, Faculty of Forestry, University of New Brunswick

Members/Conseillers
A. Armstrong, Faculty of Forestry, University of New Brunswick
L.M.D. Burns, NB Power
R.B.B. Dickison, Atlantic Weather & Environmental Consultants Ltd.
J.W. Loder, Bedford Institute of Oceanography
G. Read, NB Agriculture
W. Richards, Atmospheric Environment Service, Fredericton
D. Wortman,, Atmospheric Environment Service, Fredericton

W.F.J. Evans, Trent University

K. Juniper, Université du Québec 2 Montréal

R.G Lawford, National Hydrology Research Centre
B.R. Ruddick, Dalhousie University

T.S. Murty, Institute of Ocean Sciences

D.G. Wright, Bedford Institue of Oceanography

Alden Electronics, Inc. Westborough, Massachusetts
Belfort Instruments, Montreal, Quebec

Campbell Scientific (Canada) Corp., Edmonton, Alberta
Enterprise Electronics Corp., Montreal, Quebec
Guildline Instruments, Smith Falls, Ontario

Seimac Limited, Dartmouth, Nova Scotia
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MONDAY TUESDAY WEDNESDAY THURSDAY FRIDAY
JUNE 7 JUNE 8 JUNE 9 JUNE 10 JUNE 11
7:30 - [REGISTRATION
FOR. & AG. MET. PHYS.-BIOL. REMOTE
0830-0845 |  OPENING 0820-0855|  pL.ENARY 08200855 B ENARY 0800-0835|  pLENARY
; CLIM. MODEL. ITI PHYS-BIOL REMOTE
s CLIM. MODEL. | 0900.1020 |FOR. & AG.MET. | 0900.1020 |WOCE HYD. IV
0845-0955) ™ oy DNARY ATM. DYN. MOD. WEA. SERv. | 0840-1020| 7 oNE
OC. SFCE WAVES HYD. I COASTAL OC.
0955-1025 BREAK 1020-1050 BREAK 1020-1050 BREAK 1020-1040 BREAK
CLIM. MODEL. I CLIM. MODEL. 1T PHYS-BIOL E—
o10|CASP & CYC. 1010|FOR. & AG. MET. | 050.1210|MOD. WEA. SERV.
1026-1210| s A MOUNTS 1050-12101 i DYN. HYD. 1 1040-1220|CLOUD PHYS,
AEROS. & RAD. COASTAL OC. TRACERS OC. MIXING
1200 - | REGISTRATION | 1210-1340 LUNCH 1210-1340] PATTERSON | 1210-1340 LUNCH
LUNCHEON 1340-1415[OZONE PLENARY
CLIM. MOD. I1 FOR. & AG. MET OZONE
COMMITTEE CASP & CYC. . '
1340-1520 1340-1500 HAZARDS 4 HYD. 11
MEETINGS SE%MOUNTS ATM. MODEL. 1420-1520\ 105 O/TROP MET.
PB WOCE CLIMATOLOGY
POSTER AND 1520-1550 BREAK 1500-1600 |POSTER BREAK | 1520-1550 BREAK
E’%ﬁ.ﬁgm CLIM. MOD. II HYD/MET FOR-AG OZONE
CASP & CYC. o [HAZARDS 1550-1730] HYD: I
TIME 15501730 055 1600-1740) \ mt ‘MODEL. MESO/TROP MET.
TOPO. OC. WOCE COASTAL OC.
1900| ICE BREAKER 2000] ANN. GEN. MTG. 1900 [PUBLIC LECTURE 1900 BANQUET

Aeros. & Rad. - Aerosols and Radiation

Atm. Dyn. - Atmospheric Dynamics

Atm. Model. - Atmospheric Modelling

CASP & CYC. - Canadian Atlantic Storms Program II and Cyclones
Clim. Model. I - Long Time Scales

Clim. Model. II - Models and Observations

Clim. Model. III - Sea lce

Climatology - Climatology and Impacts

Cloud Phys. - Cloud Physica and Chemistry

Coastal Oc. - Constal Oceans

For & Ag. Met. - Forest and Agricultural Meteorology

Hazards

Hyd/Met. For-Ag. - Joint Session: Hydrology/Forest & Agricultural Meteorology
Hyd. I - Land Processes and Hydrologic Modelling

Hyd. II - Hydrologic Applications of Remote Sensing

Hyd. LIT - Hydrometeorological Processes

Hyd. IV - Variability in Hydrometeorological Patterns
Mesa/Trop Met. - Mesoscale and Tropical Meteorology
Mod. Wea. Serv. - Modernizing Canada’s Weather Services
Currents

Qc. Mixing - Ocean Mixing

Oc. Sfce Waves - Ocean Surface Waves

Ozone - Ozone and the Ultraviolet

PBL - Planetary Boundary Layer

Phys.-Biol. - Physical-Biological Interactions in the Ocean
Remote - Remote Sensing

Seamounts - Oceanography of Seamounts

Topo. Oc. - Topographic Influences on Ocean Currents
Tracers - Tracers in the Ocean

WOCE - World Ocean Circulation Experiment




1200 -

1900

LUNDI MARDI MERCREDI JEUDI VENDREDI
7 JUIN 8 JUIN 9 JUIN 10 JUIN 11 JUIN
0730- | INSCRIPTION
PLENIERE PLENIERE PLENIERE
0830-0845| BIENVENUE | 0820-0855| o poR et ac. | 0820-0855) myp pys.-pro. | %083 réréDETECTION
PLENTERE MODEL. CLIM. III INT. PHYS.-BIO. TELEDETECTION
MODELISATION MET. FOR. et AG. ECOM HYD. IV
0845-0955 o 0900-1020| g amMos. | 9990-1020| o ‘Sprv. aer. | 08401020 OZONE
CLIMAT OC. COTIER HYD.I OC. COTIER
0955-1025 PAUSE 1020-1050 PAUSE 1020-1050 PAUSE 1020-1040 PAUSE
MODEL. CLIM. I MODEL. CLIM. III INT. PHYS.-BIO. "
PCETA et CYC. MET. FOR. et AG. MOD. SERV. MET. TELEDETECTION
1025-1210| \onNTsMARIN | 1050-1210) pynam. aTMos, | 10501210 HYD. I 1040-1220 PHJﬁcrm(i}. éqggc.
AEROS. et RAY. ONDES SUP. TRACEURS LAN :
INSCRIPTION | 1210-1340] DEJEUNER | 1910.1340] DEJEUNER | 1210-1340| DEJEUNER
— - PATTERSON | 1340.1415[PLENIERE 0ZO
COMITES 1340-1520 ¢ | 1340-1500| PEEN. DANGER. 520 HYD.II
MOHLS RRRIN. MODEL. ATMOS. | 1420-35201yep MESO/TROP.
LP. ECOM i
i i CLIMAT et INCID
EN PLACE POUR | 1520-1550 PAUSE 1500-1600| AFFICHAGES 1520-1550 PAUSE
EXPOSANTS MODEL. CLIM. II HYD/MET. OZONE
PCETA et CYC. PHEN. DANGER. HYD.III
1550-1730 CLP. 1600-1740) mopEL. aTMos. | 1501730 | mET. MESO/TROP.
COUR. OC ECOM OC. COTIER
RECEPTION 2000| ASS.GEN. ANN. 1900 |CONF. PUBLIQUE 1900 BANQUET

Aéros. et Ray. « Aérosols et Rayonnement

C.L.P. - Couche limite planétaire

Cour. Oc. - Influence topographique sur les courants océaniques
Dynam. Atmos. - Dynamique de I'atmosphere

Ecom - Experience concernant la circulation océanique mondiale
Hyd.I - Processus terriens et Modélisation hydrologique

Hyd. 11 - Applications hydrolegiques de la télédétection

Hyd. mni-P 8 hydr stéorologiques

Hyd. IV - Variabilité des configurations hydrométéorologiques

Hyd/Mét. - Session conjoint: Hydrologie et Météorologie forestitre et agricole
Int. Phys.-Bio. - Interactions physiques-biologiques dans 'océan

Mélange oc. - Mélange océanique

Mét. For. et Ag. - Météorologie forestitre et agricole

Mét. Méso/Trop- Métsorologie a la mésoéchelle et tropicale

Modél. Atmos. - Modéligation de ’'atmosphire
Modél. Clim. I - Echelles sur de longues périodes
Modél. Clim. II - Modbles et Observations
Modél. Clim. III - Giace de mer

Mod. Serv. Mét. - La modernisation des services météorologiques canadiens
Monts Marine - Océanographie des monts sous-marins

Oc. Cotier - Océan chtier

Ondes Sup. - Ondes supérieures de l'océan
Ozone - L'ozone et les rayons UV

PCETA et CYC. - Programme canadien d’études des tempétes atlantique II et Cyclones
Phén DANGER. - Les phénomenes dangereux au Canada
Phy. Chim. Nuag. - Physique et chimie des nuages

Télédétaction

Traceurs - Les traceurs dans l'océan




WELCOMING REMARKS / MOTS DE BIENVENUE

PLENARY SESSION / SESSION PLENIERE
CLIMATE MODELLING I - LONG TIME SCALES / MODELISATION DU CLIMAT I - ECHELLES S8UR DE LONGUES PERIODES

RM /SALLE 192

Geological perspectives on modern climate. J. Imbrie (Invited)
A dynamical theory of the ice ages. B. Saltzman (Tnvited)

09556-1026

HEALTH BREAK / PAUSE SANTE BLUE LOUNGE

1025-1045

1045-1106

11656-1125

1125-1145

1145-1210

CLIMATE MODELLING I -
LONG TIME SCALES

MODELISATION DU CLIMAT I -
SUR DE LONGQUES
PERIODES

RM/SALLE 102

OCEANOGRAPHY OF SEAMOUNTS

OCEANOGRAPHIE DES MONTS
SO0US-MARINS

RM/SALLE 126

AEROSOLS AND RADIATION
AEROSOLS ET RAYONNEMENT
BM / SALLE 208

CASP Il & CYCLONES

PROGRAMME CANADIEN D'ETUDES
DES TEMPETES ATLANTIQUES IT
ET CYCLONES

RM / SALLE 303

Chair/Président: D.G. Wright

Relationshipe between climate and ocean
magnetism and the potential for using
geomagnetic data as proxy for river discharge
into the Arctic. R. H. Tyler and L.A. Mysak

Ocean circulation changes during Youger
Dryas: evidence from modelling and data.
D.G. Wright, T.F. Stocker and 8. Lehman

Atmospheric radiocarbon as a measure for
transient changes of the ocean's thermohaline
circulation. T.F. Stocker, D.G. Wright and
W.S. Broecker

Multiple equilibria of an asymmetric two-
basin ocean model. T.M.C. Hughes and
AJd, Weaver

POSTER PRECISES:
#81,2,3

Chair/Président: K. Juniper

The Fieberling Guyot program. K.H. Brink
(Invited)

Why is the top of Cobb Seamount such a
popular place to live? V., Tunnicliffe and
T. Parker

Ocean circulation at and near a shallow
seamount in the NLE. Pacific Ocean,
H.J. Freeland

Relationship between phytoplankton
production and the physical structure of the
water column near Cobb Seamount,
northeast Pacific. L. Comean and

AF, Vézina

Chair/Président: J.P. Blanchet

Direct radiative effects of aeroeols in the
lower atmosphere based on aircraft
measurements. L. Moreau and

H.G. Leighton

Climatic effects of high voleanic aerosal
loading. J. Jiang and W.F.J. Evans

Response of the CCC third generation GCM
to trpospheric aerosol. H.W. Barker and
M. Lazare

Assessment of the radiative and climatic
effects of large smoke injections into the
lower atmosphere. R.K.R. Vupputuri,
J.P. Blanchet and K. Higuchi

Model simulated cloud micro physics -
radiation interaction in Arctic air mass
formation. E. Girard and J.P. Blanchet

Chaiw/Président: O, Hertzman

Doppler radar observations of a warm front.
D.R. Hudak, R.E. Stewart, A.D. Thomson and
R. List

Horizontal and tilting melting layers in
CASP Il storms. R.E. Stewart,
RW. Crawford and K.K. Szeto

On the development of freezing temperatures
in Newfoundland. J.W. Strapp, R.A. Stuart
and G.A. Isaac

Aircraft icing potential of East Coast winter
storms, S, Cober, G. Isaac, J.W. Strapp and
M. Patnoe

CASP II: Mesonet sampling in IOP 4 - the
great freezing rain event. O. Hertzman

1210-1340

LUNCH / DEJEUNER




o1

1340-1400

1400-1420

1420-1440

1435-1455

1455-16156

1515-1545

1545-1605

1605-1626

1625-1645

1645-17056

1705-1725

CLIMATE MODELLING II
MODELS & OBSERVATIONS

MODELISATION DU CLIMAT I
MODELES ET OBSERVATIONS

RM /SALLE 102

OCEANOGRAPHY OF SEAMOUNTS

OCEANOGRAPHIE DES MONTS
SOUS-MARIN

RM /SALLE 125

PLANETARY BOUNDARY LAYER
COUCHE LIMITE PLANETAIRE
RM / BALLE 2056

CASP II & CYCLONES

PROGRAMME CANADIEN D'ETUDES
DES TEMPETES ATLANTIQUE
ET CYCLONES

RM / SALLE 303

Chair/Président: A.J. Weaver

On the gqualitative behaviour and non-
oscillation of Stommel's thermohaline box
model. L-Q. Zhang and B. Ruddick

Convective adjustment and isopycnal mixing
in an ocean general circulation model.
W.A. Gough

A new approach in regional climate
modelling: description of a thermodynamic,
diagnostic and semi-prognostic numerical
model: FIZR. S. Goyette and R. Laprisé

On the différences between early and late
winter atmospheric repsonse to the sea
surface temperature anomolies in the
northwest Atlantic. S. Peng, L.A. Mysak,
H. Ritchie, J. Derome and B. Dugas

A C-grid ocean general circulation model.
W. Xu, C. Lin and A. Robert

Chair/Président: K. Juniper

Amplified currents at Cobb Seamount.
D. Codiga and C.C. Eriksen

Physical-biological coupling and control of
phytoeplankton growth at Cobb Seamount: an
ecosystem approach. J.F. Dower

Perturbations physiques associées au mont
sous-marin Cobb: impact sur le
fonctionnement de la boucle microbienne.
M. Bourgeois

Turbulence measurements around Cobb
Seamount. T.D. Mudge and R. Lueck

An investigation of Lagrangian eddy
formation over seamounts. J. Shore

Chair/Président: Y. Delage

Turbulent boundary-layer flow over idealized
topography: wind tunnel, high-order closure
and LES studies. W. Gong, A Dorobrack,
P.A. Taylor, K.W. Ayotte and D. Xu

Large-scale simulation of the convective
boundary layer over an inhomogeneous
surface. S. Shen and M.Y. Leclerc

Measuring vorticity in the surface layer:
why bother? a new sensor, preliminary
results? J. Wilson

An investigation of flux-variance methods and
universal functions applied to three land-use
types in unstable conditions. J. Padro

Chair/Président: O. Hertzman

Assessing the orographic component of
surface precipitation over upland coastal
areas. C. Banfield (Tnvited)

Airborne surveys of the planetary boundary
layer above the marginal ice zone.
P. C. Smith and J.1. McPherson

Effects of winter storms on sea-ice over the
Newfoundland Shelf. C.L. Tang

Verification of 3, 4 and 5-day prognastic
charts during CASP I1. A.G. Earle

HEALTH BREAK / PAUSE SANTE BLUE LOUNGE

TOPO. INFLUENCE ON OC. CURRENTS

INFLUENCE TOPOGRAPHIQUE SUR
LES COURANTS OCEANIQUES

Temperature trends at coastal stations on
the periphery of the North Atlantic Ocean.
M.R. Morgan, R. Pocklington and

K. Drinkwater

An evaluation of the potential impact of
methane calthrate destabilization on futare
global warming. L.D.D. Harvey and Z. Huang;

Greenhouse warming prediction by a simple
energy balance climate model. K. Szilder and
E.P. Lozowski

Global upwelling - interannual variability
and climate change. L. Xie and W.W. Hsieh

Chair/Président: M.W. Stacey

Steady drift generated over mid-ocean ridges
by oscillatory flow. S. Allen and D. Renonard

Perturbations of canyons on shelf currents
and some properties of canyon waves.
S. Chen

An acoustic Doppler current profiler
estimate of the internal tide in Knight inlet,
British Columbia. R. F. Marsden and

K.C. Greenwood

Numerical simulations of stratified tidal flow
across Georges Bank: internal wave
generation. K.G. Lamb

Internal solitions in the Canadian
Archipelago. R.F. Marsden, R. G. Ingram
and L. Legendre

A model of stable, two-dimensional
atmospheric boundary-layer flow over fixed,
sinusoidal topography. L. Chan

Modelling the diurnal temperature range in
the planetary boundary layer. B. Crenna

A model for the correction of surface wind
data for sheltering by upwind cbstacles.
P.A. Taylor and J.R. Salmon

Drag parameterization and effective
roughness lengths for complex terrain.
D. Xu, KW. Ayotte and P.A. Taylor

Chair/Président: R.E. Stewart

A numerical model investigation of an
explosively deepening winter storm during
I0P4 of CASP I1. Z. Huo, D.-L. Zhang,

J. Gyakum and A, Staniforth

Diagnosing surface development of
extratropical cyclones: the impact of height of
diabatic heating. J. St. James and P. Zwack

Etude diagnostique d'une simulation d'an
developpement cotier maritime a I'aide de
I'equation de Zwack-Okossi. S. Desjardins
and P. Zwack

Satellite observations of precipitating
sratocumulus clouds. P. Austin and
R. Pincus

The use of TOMS data in the study of
mesocscale polar vortices. M.C. Reader and
G.W.K. Moore

2000
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0820-08556 PLENARY SESSION / SESSION PLENIERE
FOREST AND AGRICULTURAL METEOROLOGY / METEOROLOGIE FORESTIERE ET AGRICOLE
RM/SALLE 102
BioSIM: A computer-based decision support tool for seasonal planning of pest management activities. J. Régnidre (Inviled)
FOREST & AGRICULTURAL CLIMATE MODELLING III
METEOROLOGY OCEAN SURFACE WAVES SEAICE ATMOSPHERIC DYNAMICS
AGICOLE RM / SALLE 125 GLACE DE
RM /SALLE 108 RM / SALLE 205 RM/BALLE 308
Chair/Président: R.B.B. Dickison Chair/Président: F.W. Dobson Chair/Président: L.A. Mysak Chair/Présjdent: H.-R. Cho
0800-0920 Climatic teleconnections from the Pacific Wave energy input into water waves. Interanpual variability of Arctic sea ice using | Thermal forcing of slow transients by the
Ocean to the Canadisn prairies - implications |P.Y. Lin and D. Xu a coupled sea ice-ocean model. D.M. Holland, | synoptic scale eddies in the atmosphere.
for spring wheat yields. E.R. Garnett, L.A. Mysak and J.M. Oberhuber H. Lin and J. Derome
dJ. Babb and M.L. Khandekar
0920-0940 Evaluation aérienne et prévision des indices |The performance of the Canadian spectral A box model of the Greenland Sea, On the interactions between synoptic scale
Canadiens forét-météo. L. Pouliot ocean wave model CSOWM. Norwegian Sea and Arctic Ocean. eddies and the PNA teleconnection pattern.
M. Khandekar and R. Lalbeharry D.Y. Robitaille and L.A. Mysak M. Klasa, J. Derome and J. Sheng
0840-1000 Comparison of pesticide spray deposition Wind stress from wave slopes usiog Phillips’ |Modelling interannual ice variability in the | Potential vorticity dynamics in an
meodel results with operational equilibrium theory. B.-A. Juszko, Gulf of St. Lawrence. B. DeTracey and atmospheric GCM. J. Koshyk
measurements. T.C. Farrell and B.L. Beattie |R.F. Marsden and S.R. Waddell R.G. Ingram
1000-1020 POSTER PRECISES: Sensitivity study of an interactive graphical |Simulation of the Arctic ice cover using a Leaky modons. G.E. Swaters
#84,56 wind and wave analysis system. B. Dawson |multi-level model. G.M. Flato
1020-1050 HEALTH BREAK / PAUSE SANTE BLUE LOUNGE
COASTAL OCEAN
OCEAN COTIER
Chair/Président: P.C. Smith
1050-1110 Modelling the epatial variations of wind Rotation-limited-flux: application to Hecate | The relationship between large scale General circulation modeling of stratospheric
velocity and wet deposition of acidic ions on | Strait, British Columbia. circulation and the climate at Resolute Bay, |interanoual vanability. K.P. Hamilton
Roundtop Mountain, Quebec. J.L. Walmsley, |C.G. Hannah and W.R. Crawford NWT. T. Agoew, J. Knox and A, Silis
H.A. Bridgman and R.S. Schemenauer
1110-1130 Calculating total annual amounts of SO2 A diagnostic, vanable-resolution model for Stochastic excitation of decadal vanability in | Daily radiative entropy variations from the
absorbed by spruce forests in the vicinity of |the tidal and estuarine circulation in eastern jthe Greenland Sea ice cover, G.M. Flato and |Earth Radiation Budget Experiment.
an elevated SO2 source. C.P.-A. Bourque and |Juan de Fuca Strait and the southern Strait |G. Holloway G.B. Lesins and H. Jiang
P.A. Arp of Georgia. M.G.G. Foreman, R.F. Henry and
R.A. Walters
1130-1150 Analysis of levels of gas pollutants and dry Outflow at Cape St. James in Hecate Strait, |The parametenzation of the conductive heat |Forecasting polar lows in the Labrador Sea.
depositions at a forest research site near British Columbia. W.R. Crawford and flow through a seasonal snow and sea ice D. Hanley and O. Hertzman
Quebec City: 1988-1991. A. Robichaud M.M. Foreman volume. T.N. Papakyriakou, D.G. Barber and
E.F. LeDrew
1150-1210 Smoke ventilation forecast at Pacific Weather | The influence of wind and Scotian Shelf POSTER PRECISES: Momentum budget for atmospheric
Centre: accuracy and climatology. B. Snyder |inflow on the circulation around Georges #36,7 orographic flows using observations of the
Bank. D.A. Greenberg, J.W. Loder and PYREX field experiment. R. Benoit
Y. Shen
POSTER PRECIS (1205-1210):
#8
1210-1340 PATTERSON LUNCHEON/DEJEUNER PATTERSON







0820-08556

0800-0920

0840-1000

1000-1020

PLENARY SESSION / SESSION PLENIERE

PHYSICAL-BIOLOGICAL INTERACTIONS IN THE OCEAN / INTERACTIONS PHYSIQUES-BIOLOGIQUES DANS L'OCEAN

RM 102

Physics-biclogy interactions: roles of mesoscale and small scale motions in plankton ecology. D.L. Mackas (Tnvited)

HYDROLOGIC CYCLE [ R
LAND PROCESSES & HYDROLOGIC PHYSICAL-BIOLOGICAL B s Lo, B MODERNIZING CANADA'S WEATHER
MODELLING INTERACTIONS IN THE OCEAN SERVICE
CYCLE HYDROLOGIQUE I INTERACTIONS PHYSIQUES- mcmcmm wgggmm LA MODERNISATION DES SERVICES
PROCESSUS TERRIENS ET BIOLOGIQUES DANS L'OCEAN kst i METEOROLOGIQUES CANADIENS
MODELISATION HYDROLOGIQUE S AL 108 T
s —— RM / SALLE 05

Chair/Président: R.G. Lawiord

Large-scale hydrologic modeling.
E. Wood (Trvited)

Using the Canadian Land Surface Scheme
(CLASS) in the CMC global forecast model.
Y. Delage

Stand-alone comparisons of land surface
schemes. D. Verseghy

Chair/Président: F.H. Page

Juvenile Atlantic ood in the northern Gulf of
St. Lawrence, Canada. R.G. Bradford and
J.A. Gagné

The ontogeny of scallop life history stages in
relation to the physical environment in the
Quoddy region. S.M.C. Robinson and

F.H. Page

Modelling the dispersal of sea scallop larvae
on Georgesa Bank in autumn: the effects of
mean advection, behaviour and larval origin.
M.J, Tremblay, J.W. Loder, F.E. Werner,
C.E. Naimie, D.R. Lyuch, M.M. Sinclair and
F.H. Page

Computer simulations of the influence of
ocean carrents on the return migrations of
Fraser River sockeye salmon: 1850-1890,
K.A. Thomaon, W.J, Ingraham, W.J. Healey,
P.H. LeBlond, C. Groot, C.G. Healey and
S.M. Hanlon-Thomson

Chair/Président: W.W. Hsich

Comparison of OSCURS model output to
WOCE surface drifter tracks ia the
Northeast Pacific. G. Bakker, P.H. LeBlond
and J. Ingraham Jr,

Convection from an isolated source ina
Imtating stratified fluid. D. Brickmnan and
D.E. Kelley

The North Atlantic Tracer Release
Experiment: a snmmary of the field program.
N. Oakey, B. Ruddick, J. Burke and D. Walsh

A first look at microstructure measurements
from the North Atlantic Tracer Release
Experiment. J. Burke, B. Ruddick and

N. Oakey

Chaira/Présidents: F. MacNeill &
K. MacDonald
A foundation for the future.
J. Mills (Tnvited)

Modernization of weather services in New
Brunswick. R. Lefebvre

Aviation terminal forecasts based on
atomated cbservations (FTAUTO)
J. Anderson and B, Shannon

FTGEN - an automated FT production
system. B. Whiffen

1020-1050

HEALTH BREAK / PAUSE

SANTE BLUE LOUNGE

1050-1110

1110-1130

1130-1150

1150-1210

ChairnPrésident: D. Verseghy

Hydrological cycle in simple atmosphere-
ocean models, D. Mercer

An examination of the surface energy and
water budgets of the CCC climate model.
G.A. McBean and R.A.S. Hourston

Application of the U.B.C. watershed model to
two climatically different watersheds. M.C.
Quick, A. Loukas, R. Millar, D. Nixon and

E. Wu

Global Energy and Water Cycle Experiment
(GEWEX). T. Krauss, R. Lawford and
W. Nicholaichuk

Seasonal and interannual variability of
phytoplankton pigment concentrations in
four eastern boundary current regions.

A. Thomas, P.T. Strub, S. Léveaque, C. James

Sources of variability in phytoplankton ¢rop
composition in spring. L.A. Hobson and
V.A. Funk

Overview of scientific progress of the Ocean
Production Enhancement Network.
P. LeBlond

POSTER PRECISES:
#s11,12

TRACERS IN THE OCEAN
LES TRACEURS DANS L'OCEAN

Chair/Président: E.P. Jones

A suite of anthropogenic halocarbon tracer
measerements in the Greenland and
Norwegian Seas. D.W.R. Wallace,

P. Schlosser, J. Bullister and J. Blindheim
(Invited)

POSTER PRECISES:
#313, 14

Modification of halocline source waters
during freezing on the Beaufort Sea shelft
evidence from oxygen isctopes and dissolved
nutrients. H. Melling and R.M. Moore

Atlantic water in the Arctic Ocean.
B. Rudels, E.P. Jopes and L.G. Anderson

Transport Canada proposed R&D activities
on atmospheric sensors and their integration
for aviation metecrology. G. Fournier

A knowledge base system to analyze and
synthesize large amounts of meteorological
data. R. Verret, G, Babin, D. Vigneux and
R. Parent

The Significant Event Desk. P. Chadwick

A workstation for the AES Weather Service
Office environment. K. Macdonald, D. Dueck
N. McLennan, M. Schaffer and A. MacAfee

POSTER PRECISES (1200-1210)%

#2315, 16

1210-1340

LUNCH / DEJEUNER







0800-0835 PLENARY SESSION / SESSION PLENIERE
REMOTE SENSING / TELEDETECTION
RM /SALLE 102
The first European Remote Sensing Satelite ERS-1: development, data products and applications. E.P.W. Attema (Tnvited)
HYDROLOGIC CYCLE IV - VARIABILITY
IN HYDROMETEOROLOGICAL
REMOTE SENSING OZONE AND THE ULTRAVIOLET COASTAL OCEAN PATTERNS
TELEDECTION L'OZONE ET LES RAYONS UV OCEAN COTIER CYCLE HYDROLOGIQUE IV -
RM/SALLE 102 RM /BALLE 125 RM / SALLE 205 VARIABILITE DES CONFIGURATIONS
HYDROMETEOROLOGIQUES
RM /SALLE 303
Chair/Président: F.W. Dobson Chair/Président: J. McConnell Chair/Président: C.L. Tang Chair/Président: D.A. Daugharty
0840-0800 AVHRR satellite observations of the METOZ: the generation of ozone and Residual currents in a three-dimensional Inter-hemispheric comparisons of
intensification of the shelf break current ultraviolet radiation maps from baroclinic model at the central Strait of hydroclimatic patterns along the western
during an upwelling event off Vancouver meteorological data. L.R. Poulin and Georgia, B.C. S.G. Marinone, J. Fyfe and  |coasts of the Americas. R.G. Lawford
Island. G.C. Staples and W.W. Hsieh W.F.J. Evans S. Pond
0900-0920 Radar and infrared measurements of a The synaoptic climatology of surface ozone in | A numerical model of the circulation in Recent cbserved trends and modelled
thermal feature made under varying rural southern Ontario, Knight Inlet, British Columbia. historical interanaual variability in
atmospheric conditiona. B.J. Topliss, K.C. Heidorn M. Stacey and S. Pond Canadian snow cover. R.D. Brown and
T.H. Guymer and A. Viola B.E. Goodison
0920-0840 Anpual variation of sea surface slopes over Suface ozone levels and trends in central and |Numerical study of Hudson Bay summer Point PMP estimation over northern
the Scotian Shelf and Grand Banks from astern Canada during 1980-91. ocean circulation: gyres, meanders, Saskatchewan. R.F. Hopkinson
| Geosat altimetry. G. Han, M. Ikeda and P.C. |J.D. Fuentes, T. Daan and S. Beauchamp separations and coastal jets. J. Wang,
Smith L. A. Mysak and R.G. Ingram
0940-1000 A study on altimeter data assimilation to a The Antarctic ozone hole in 1970 from [RIS. |Upper ocean circulation model. J. Gan,
two-layer Rossby wave model by adjoint E. Paat and W.F.J. Evans R.G. Ingram, R.J. Greatbatch and P. Chen
method. L.Z Cong and M. lkeda
1000-1020 Rainfall retrieval during GPCP/AIP-1: a Ozone depletion and development of A numerical stady on circulation in the Baie
pattern recognition approach using satellite fenhanced C10 during the 1991-82 Arctic des Chaleurs. P.Chen and R.G. Ingram
data and CMC forecast model fields. winter using a 3-D CTM. J. Kaminski,
C. Grassotti and L. Garand J.C. McConnell and E.M.J. Templeton
1020-1040 HEALTH BREAK / PAUSE SANTE BLUE LOUNGE
CLOUD PHYSICS & CHEMISTRY OCEAN MIXING
PHYSIQUE ET CHIMIE DES NUAGES MELANGE OCEANIQUE
Chair/Président: H.G. Leighton Chair/Président: K.G. Lamb
1040-1100 An evaluation of sea surface wind The hydrometeorology of CANSAP and Basio mixing in a tidally energetic fjord.
measurements from two different satellites: |CAPMoN precipitation chemistry samplers. |S. Tinis and S. Pond
SSM/T & ERS-1. N. Wagneur R.F. Hopkinson
1100-1120 Wind stress measurements during the ERS1 | Seasonal fog and precipitation chemistry at | Turbulent mixing in solitons.
Cal-Val Experiment. R.J. Anderson, forested mountain sites in southern Quebec. |N. Oakey and N. Cochrane
S.D. Smith and F.W. Dobson R.S. Schemenauer, C.M. Banic and
N. Urquizo
1120-1140 Recent results from the Grand Banks ERS-1 |Collision rates of small droplets in weakly Turbulence and mixing in the Strait of
SAR Wave Experiment. F.W. Dobson, turbulent clouds. A.S. Koziol and Gibraltar. J.C. Wesson and M.C. Gregg
8.D. Smith and P.W. Vachon H.G. Leighton
1140-1200 The McGill Doppler radar facility. Solar radiative transfer for wind sheared Modelling of double diffusive intrusions.
A. Singh, A. Kilambi, E. Ballantyne, cumulus clonds. H.W. Barker D. Walsh and B.R. Ruddick
A. Bellon, B. Katz aad 1. Zawadzki
1200-1220 Inference of energy and radiative fluxes Air quality simulations - how much bias and
within a snow covered sea ice volume from error can climate introduce? Z. Randonjic
microwave scattering. D.G. Barber, and J.W.S. Young
T.N. Papakyriakou and E.F. LeDrew
POSTER PRECIS (1220-1225):
#18







Tuesday/Mardi a.m.

both the major long-term regime changes and the more detailed behaviour over the late Pleistocene
are deduced as a self-consistent solution, prescribing as external forcing only the orbitally-induced
variations of summer insolation at high northern hemisphere latitudes and an assumed variations of
the long-term balance between tectonic outgassing and weathering downdraw of carbon dioxide over
this period.

RELATIONSHIPS BETWEEN CLIMATE AND OCEAN MAGNETISM AND THE POTENTIAL
FOR USING GEOMAGNETIC DATA AS PROXY FOR RIVER DISCHARGE INTO THE ARCTIC

R.H. Tyler and L.A. Mysak
Dept. of Atmospheric and Oceanic Sciences, McGill University, Montreal, Que. H3A 2K6

We first explore the possibility that observed correlations between geomagnetic records and climate
variables (such as surface temperature) may be due to large-scale ocean currents. The currents may
simultaneously transport heat (affecting weather and climate) and induce large-scale magnetic fields
measurable at land observatories. Since the induced magnetic fields also depend on the salinity and
temperature of the water (via electrical conductivity) an intricate relationship may exist between
climate, magnetism and ocean properties.

In a specific application, we explore the potential for using geomagnetic data as a proxy for Mackenzie
River discharge. In the Arctic, we show that the ocean-induced magnetic fields can be expected to vary
with changes in salinity and total transport. In the Canadian Arctic Archipelago both salinity and
transport (and, hence, the induced magnetic fields) will be affected by varnations in the Mackenzie
runoff.

We present observations that show an apparent negative correlation between the Mackenzie runoff
and variations in the horizontal component of magnetic observations from stations in the Canadian
Archipelago. These observations suggest that increases in Mackenzie runoff may decrease the
conductivity of the water and hence a decrease in the amplitude of ocean- induced magnetic
variations.

OCEAN CIRCULATION CHANGES DURING YOUNGER DRYAS: EVIDENCE FROM
MODELLING AND DATA

D.G. Wright!, T.F. Stocker” and S. Lehman?
Dept. of Fisheries and Oceans, Bedford Institute of Oceanography, Dartmouth, N.S. B2Y 4A2
2I,amont-Doherty Geological Observatory, Palisades, NY, U.S.A.
SWoods Hole Oceanographic Institution, Woods Hole, MA, U.S.A.

Warming at the termination of the last ice age was interrupted for a period of about 1000 years during
which the climate around the North Atlantic appears to have returned to near glacial conditions.
Broecker and colleagues have suggested that this event, known as the Younger Dryas, was due to a
weakening or cessation of the overturning circulation in the Atlantic, triggered by fresh water
discharge from melting ice sheets.

We begin by examining the response of a simple, coupled global ocean- atmosphere-sea ice model to
meltwater discharge as estimated by Fairbanks (1989). Past studies have shown that relatively little
freshwater input is required to collapse the present overturning circulation and a new equilibrium is
established with reduced deep flow. Here we show that if the hydrological cycle of the initial state is
modified such that there is a modest increase in the net surface water loss from the North Atlantic,

17
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then a response more consistent with observations is obtained. Meltwater input still results in a fresh
water cap over the northern North Atlantic which causes a shut-down of the overturning circulation.
However, after the meltwater input decreases, this cap slowly erodes away and eventually the
overturning circulation is abruptly re-established. A second, weaker meltwater pulse has relatively
little climatic impact, consistent with observations. Sensitivity of these results to model parameters
and assumptions will be discussed.

580 records from sea sediments throughout the Atlantic show evidence of "overshoots" in this
quantity both before and after the Younger Dryas event. One possible interpretation of this observation
is that the first overshoot marks the initial intrusion of 5!®0-depleted glacial meltwater into the deep
ocean as the termination began. During Younger Dryas, when deep water formation was reduced,
meltwater again accumulated in the surface layers of the North Atlantic and when the overturning
resumed, it was rapidly folded into the deep ocean. If this interpretation is correct, then the observed
variations in 8'%0 provide additional evidence of major changes in the deep ocean c:rculatlon We will
use our model simulation to investigate what part of the observed variations in 50 can be
realistically attributed to this effect.

ATMOSPHERIC RADIOCARBON AS A MEASURE FOR TRANSIENT CHANGES OF THE OCEAN'S
THERMOHALINE CIRCULATION

T.F. Stocker!, D.G. Wright?, and W.S. Broecker!
1Lamont: -Doherty Geological Observatory, Palisades, New York, USA
2Dept. of Fisheries and Oceans, Bedford Institute of Oceanography, Dartmouth, N.S. B2Y 4A2

A coupled, latitude-depth, global ocean-ice-atmosphere model is presented which includes the balance
of stable and decaying tracers. The model is used to address the question of cycling of radiocarbon in
the climate system using the Younger Dryas event as an example.

First, modest modifications in the atmospheric branch of the hydrological cycle are invoked in order
to tune the coupled model such that the transient response to meltwater perturbations closely
resembles the Younger Dryas climate event. The evolution of atmospheric radiocarbon is then
examined, and the influence of rapid change of the thermohaline circulation on the radiocarbon "clock”
is quantified. A large-scale increase of convection in the global ocean, caused by either resumption of
the conveyor belt circulation or formation of Antarctic Bottom Water after a period of collapse, lowers
the atmospheric radiocarbon content and produces a "plateau” in the radiocarbon age. If the deep ocean
reservoir has been decoupled from the surface long enough, the initiation of active convection can
create a strong age plateau extending over a few hundred years. In the case of resumption of
convection in the Southern Ocean, changes of the atmospheric radiocarbon concentration may appear
unrelated to the evolution of climatically relevant variables such as the meridional heat transport.
However, they provide important information on the long-term evolution of the ocean's thermohaline
circulation.

MULTIPLE EQUILIBRIA OF AN ASYMMETRIC TWO-BASIN OCEAN MODEL

T.M.C. Hughes and A.J. Weaver
School of Earth and Ocean Sciences, University of Victoria, Victoria, B.C. VBW 2Y2

An ocean general circulation model is used to examine the influence of model geometry and surface
buoyancy and wind stress forcing in producing the asymmetry of the present-day thermchaline
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ASSESSMENT OF THE RADIATIVE AND CLIMATIC EFFECTS OF LARGE SMOKE
INJECTIONS INTO THE LOWER ATMOSPHERE

R.K.R. Vupputuri!, J.P. Blanchet? and K. Higuchi®
! Atmospheric Environment Research, Richmond Hill, Ontario
2Université de Québec a Montréal, Montréal, Québec H3C 3P8
3Atmospheric Environment Service, Downsview, Ontario M3H 5T4

A coupled 1-D radiative-convective-photochemical diffusion model which takes into account the
wavelength-dependence of the interaction between the smoke aerosols and sclar radiation is used to
investigate the possible radiative and climatic effects of large smoke injections into the lower
atmosphere due to sources such as oil and forest fires. The 1-D experiments were carried out using five
levels of smoke concentrations with optical depths ranging between 0.006 to 5. The results indicate
that the absorption of solar radiation by soot aerosols with optical thicknesses greater than 1 would
lead to cooling near the ground, resulting in a strong increase of thermal stability in the smoke
polluted atmosphere. At lower smoke optical depths the results support the concept of threshold smoke
loading, below which the soot aerosols would lead to slight warming rather than cooling near the
ground. Also will be discussed are the implications of higher levels of CO and NO, in the smoke
polluted atmosphere to the changes in the vertical ozone distribution.

MODEL SIMULATED CLOUD MICRO PHYSICS - RADIATION INTERACTION IN ARCTIC AIR
MASS FORMATION

E. Girard and J. Blanchet
Departement de physique, Université du Québec & Montréal, Montréal,
Qué. H3C 3P8

The rate of air mass transformation from maritime to continental polar air depends on the water
vapour removal through precipitation processes. In turn, the reduction of atmospheric water vapour
reduces the greenhouse effect and enhances cooling of the surface and lower atmosphere. To
investigate the role of microphysical processes in the air mass modification, a detailed column model
is developed. It accounts for gas to particles conversion, formation of CCN and ICN, aerosol growth
by condensation, coagulation, activation, freezing and gravitational sedimentation. The
aerosol/droplet/crystal spectra are simulated from 0.001 to 500 pm with a multi-level column of the
lower troposphere (7 km). The purpose of the model is to investigate the influence on the properties
of aerosols in the air mass transformation, In particular the acidification of condensation particles may
alter the water flux and in turn the atmospheric temperature.
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through such observations as well as through numerical simulations, the key attributes and
consequences of horizontal and tilting melting layers will be discussed.

ON THE DEVELOPMENT OF FREEZING TEMPERATURES IN NEWFOUNDLAND

J.W. Strapp!, R.A. Stuart® and G.A. Isaac’
1Cloud Physics Research, Atmospheric Environment Service, Downsview, Ontario M3H 5T4
2Weather Research House, Willowdale, Ontario M2V 2V9

It is commonly accepted that freezing precipitation requires that ice particles fall through a warm air
mass resulting in complete or partial melting of the ice, with subsequent re-freezing of these liquid
particles upon striking a surface with a temperature below 0°C. However, during over 150 hours of
storm cloud studies in Newfoundland during CASP II, investigators observed freezing precipitation at
the surface when no upper level warming layer was present. This would suggest that such cases of
freezing precipitation developed from a "warm rain" process in which rain drops grew through
condensation and coalescence. The ice phase could not have participated in the growth process since
this would have resulted in the freezing of the particles before they reached the surface.

A climatological study of 30 years of surface and upper air observations was carried out for two
Newfoundland locations and one continental station to determine how frequently and under what
conditions freezing precipitation was observed without a warm layer aloft. Preliminary results from
climatological records suggest that freezing drizzle is frequently observed at the ground when all upper
air temperatures are less than 0°C. The results of this study will be presented along with a detailed
case study of this phenomenon from CASP II using observations from the NRC Convair 580 aircraft.

AIRCRAFT ICING POTENTIAL OF EAST COAST WINTER STORMS

S. Cober!, G. Isaac!, W. Strapp! and M. Patnoe?
!Cloud Physics Research, Atmospheric Environment Service, Downsview, Ontario M3H 5T4.
2Boeing Commercial Airplane Group, Seattle, Washington, 98124-2207 U.S.A.

The aircraft icing potential of East Coast Winter Storms was investigated during the CASP II field
project. The primary objective was to investigate and characterize the cloud microphysics associated
with aircraft icing encounters. Icing research was a cooperative effort between the Atmospheric
Environment Service, National Research Council, Boeing Commercial Airplane Group and Airbus
Industrie with additional funding provided by the National Search and Rescue Secretariat.

During the project, over 1000 icing patches were encountered with an instrumented Convair 580
research aircraft. A patch was defined as greater than 500 meters of continuous liquid water content
greater than 0.03 g m™3, A statistical analysis of temperature, droplet median volume diameter, liquid
water content and liquid water path was used to characterize the icing patches. The results are
compared to the icing envelopes of the Federal Aviation Administration, and to previous icing
measurements of East Coast storms. In general, icing severity was well within the safety envelopes,
although three severe icing events were documented. The most extreme icing was associated with
patches of supercooled drizzle droplets.
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CONVECTIVE ADJUSTMENT AND ISOPYCNAL MIXING IN AN OCEAN GENERAL
CIRCULATION MODEL

W.A. Gough
Canadian Climate Centre, Downsview, Ontario M3H 5T4

The role that an explicit convective adjustment scheme plays in an isopycnal ocean general circulation
model is examined. A series of equilibrium and cooling experiments are performed using an isopycnal
mixing parameterization with and without an explicit convective adjustment scheme. All cases perform
in virtually an identical fashion indicating that the inclusion of an explicit convective adjustment
scheme is unimportant. This confirms the contention that much of the convection found in a lateral
mixing model arises as a result of destabilization caused by the mixing parameterization itself.

In the adjustment to the new equilibrium in the cooling experiments, all cases show a secondary peak
in the number of statically unstable points after 200 years. This is attributed to the flushing of cold
bottom water as a result of the intensification of the meridional flow. The timescale of this secondary
peak is found to be a function of the magnitude of the cooling anomaly and the surface restoring
timescale.

A NEW APPROACH IN REGIONAL CLIMATE MODELLING: DESCRIPTION OF A
THERMODYNAMIC, DIAGNOSTIC AND SEMI-PROGNOSTIC NUMERICAL MODEL: FIZR

S. Goyette and R. Laprise
Dépt. de Physique, Université du Québec & Montréal, Qué H3C 3P8

Atmospheric general circulation models (GCMs) coupled to simple ocean and sea-ice models have been
used over the past years to simulate, with the help of supercomputer resources, current global climate
and global climatic changes. Despite differences in physics parameterization schemes, horizontal
resolution and numerical methods in fluid dynamics, contemporary second-generation GCMs agree well
on global climate and on the direction of the doubled-CO, induced global climatic changes. However,
these models still show much disagreement in regional features underneath the large-scale patterns
of precipitation, soil moisture, cloud cover, etc. Since there is much uncertainty associated with the
GCMs' ability to project regional-scale features mainly because of their low spatial resolution, and
today's computer resources being a strong limiting factor, indirect methods are now the only practical
means of obtaining regional-scale climatological data. Therefore a reliable source of large scale data
being GCM grid outputs, one possible approach to produce regional-scale climatic projections is to limit
the domain of study over which high horizontal resolution is required.

Following on these considerations, the present work seeks to address the question of regional climate
prodiction by combining precomputed Canadian Climate Centre (CCC) GCM atmospheric circulation
(Dynamics) with recomputed CCC GCM subgrid-scale parameterized processes (Physics). The
combination (Dynamics + Physics) is then integrated in a prognostic mode on a high horizontal
resolution grid of an arbitrary chosen area over the earth. The methodology arises from the premise
that most of the "small scale" variability, i.e., variability produced by phenomena operating at scales
below the current GCM spatial resolution, is mostly the result of the "Physics" processes rather than
"Dynamics"”. Furthermore, our approach takes advantage of our confidence in the large-scale climatic
simulation carried out by the CCC GCM. Then, the fine scale interpolated Dynamics coupled with
high-resolution Physics calculation would produce a high resolution regional climate forecast centred
on the Physics driving hypothesis. Hence, this model named FIZR would provide a framework for
regional climate impact studies applied to problems including CO doubling scenario and potentially
all kinds of historical events.
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TEMPERATURE TRENDS AT COASTAL STATIONS ON THE PERIPHERY OF
THE NORTH ATLANTIC OCEAN

M.R. Morgan!, R. Pocklington® and K. Drinkwater?
132 Rocklin Drive, Dartmouth, N.S. B2X 251
2Dept. of Fisheries and Oceans, Bedford Institute of Oceanography, Dartmouth, N.S. B2Y 4A2

Annual mean air temperatures at coastal stations in Eastern Canada, from Nova Scotia to Baffin
Island, reached maximum warming in the early 1950s. Since then, a cooling trend has prevailed with
recent temperatures being close to the long-term average.

Temperatures at other coastal stations bordering the North Atlantic — in Greenland, Iceland, the
Norwegian Sea area and around the British Isles — show similar trends. However, the strength of
the cooling increases poleward and appears to be centred in the Greenland Sea area, where some
stations are close to, or at, their lowest temperature normals this century. Moreover, there is little
evidence of any winter warming taking place.

Temperature trends at coastal stations, around the periphery of the North Atlantic, in general, appear
to be more closely related to off-shore sea temperature trends rather than the overall warming taking
place in the Northern Hemisphere.

AN EVALUATION OF THE POTENTIAL IMPACT OF METHANE CLATHRATE
DESTABILIZATION ON FUTURE GLOBAL WARMING

L.D.D. Harvey and Z. Huang
Dept. of Geography, University of Toronto, Toronto M3S 1A1

Future global warming due to anthropogenic emissions of greenhouse gases has the potential to
destabilize methane clathrates, which are found in permafrost regions and in continental shelf
sediments worldwide, resulting in the release of methane gas. Since methane is a strong greenhouse
gas, this could produce a potentially important positive feedback. Here, a series of one-dimensional
models of the vertical, coupled heat transfer and methane destabilization process is used to estimate
rates of methane destabilization and release to the atmosphere accompanying global warming.
Different one-dimensional columns are used to represent continental shelf sediments of various shelf
depth-temperature combinations in each of several latitude zones. The potential amount of methane
clathrate in each column is estimated from 1°X 1° data for: shelf depth, shelf-water interface
temperature, sediment thermal conductivity, geothermal heat flux, and organic matter content. The
first four parameters serve to determine the volume of the methane clathrate stable region, while
organic matter content is used as a proxy for the probability of finding methane clathrate. Any region
that would have been unstable for methane clathrate during the peak of the last glaciation is assumed
to contain no methane clathrate today. A single column is used to represent all terrestrial permafrost
regions.

Scenarios of anthropogenic CO, and CH, emission are used to drive a simple model of the carbon cycle,
yielding scenarios of CO, and CH, concentration increase. These increases in turn drive a one
dimensional (globally averaged case) or two-dimensional (latitudinally resolved case) coupled
atmosphere-ocean climate model. The temperature changes as a function of time, ocean depth, and (for
the latitudinally-resolved case) latitude are used as upper boundary conditions to drive the heat
transfer/methane clathrate release models. Methane release from clathrate destabilization is added
to the assumed anthropogenic CH, emission, leading to increases in both CH, and CO, concentration.
Based on a wide variety of parameter input assumptions and anthropogenic emission scenarios, it
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to obtain. During June and July, 1989, we executed an intense acoustic dopper current profiler(ADCP)
sampling of the inlet. We use these results to show the existence of a strong semi-diurnal flow in the
baroclinic field. It is proposed that the horizontal phase information inherent in the spatial sampling
by the ADCP can be used to resolve the vertical sampling problem. Through a least squares fit of the
data to a simple free wave propagation model of the inlet, we arrive at objective estimates of the
distribution of M2 internal tide energy. The ﬁtting procedure is found to be sensitive to fluctuations
in the basin width, When an accurate estimate is incorporated into the fit, we arnve at net energy
fluxes of 0.44 X 10° W toward the mouth of the inlet at Protection Point and 1.17 X 108 W toward the
head of the inlet at Tomakstum Island. We show that these results do not display the degeneracy
inherent in other estimates and that they are in agreement with a recent numerical model of the inlet
by Stacey and Pond (1992).

NUMERICAL SIMULATIONS OF STRATIFIED TIDAL FLOW ACROSS GEORGES BANK:
INTERNAL WAVE GENERATION

K.G. Lamb
Dept. of Physics, Memorial University, St. John's, Newfoundland A1B 3X7

Results of some initial, idealized numerical simulations of inviscid stratified flow across the northern
edge of Georges Bank are presented. These simulations were carried out in order to develop an
understanding of some of the complex internal wave phenomena observed in this location (Loder et
al. 1992). The numerical model solves the fully nonlinear, non-hydrostatic, inviscid Boussinesq
equations on an f-plane. The model is two dimensional, with spatial variation in the vertical and cross-
bank directions only. The model topography and tidal strength are similar to observed values. The
model successfully reproduces some observed features including the formation of a large depression
and a hydraulic jump over the bank edge during off-bank flow and two on-bank propagating
depressions every tidal period. An undular bore propagating away from the bank is in agreement with
other observations (La Violette et al. 1990). Rotational effects are shown to the responsible for the
formation of the second of the on-bank propagating depressions. Sensitivity of the results to the
topographic slope, tidal strength, density, and model initialization are explored.

INTERNAL SOLITONS IN THE CANADIAN ARCHIPELAGO

RF. Marsden R.G. Ingram? and L. Legendre®
Physws Dept., Royal Roads Military College, Victoria, B.C. VOS 1B0
2Dept. of Atmospheric and Oceanic Sciences, McGill University, Montreal, Que. H3A 2K6
3Biology Dept., University Laval, Quebec City, Quebec

An acoustic Doppler current profiler detected numerous large amplitude events in the vertical velocity
structure of the water column under land-fast ice Resolute Bay, North West Territory, Canada. This
study focuses on a particularly distinct wave train of four internal solitons. The three dimensional
velocity structure of each wavelet is examined with a two meter depth resclution and a two minute
sampling interval. An integration of the vertical velocity field indicates a vertical migration of the
isopycnals in agreement with a theoretical model by Benjamin. The Richardson number, calculated
immediately below the pycnocline (ie. region of maximum density gradient and maximum static
stability), indicates an environment suitable to promote mixing by Kelvin-Helmholtz instabilities.
Based on the results, a nutrient supply mechanism is proposed to explain under-ice algae growth.
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m. Wind speeds were 1 m/s. Results were compared against a simulation in which the total heat flux
was preserved but distributed evenly over the domain.

The simulation reveals that when patches of strong heat flux are distributed over the domain ---hot
spots--- their influence is significant and affects the lower half of the convective boundary layer, giving
rise to small scale circulations of roughly the size of surface hot spots. Results from phase averages
suggest that inhomogeneous heat fluxes influence the behaviour of the turbulence statistics, and in
particular of the higher moments.

MEASURING VORTICITY IN THE SURFACE LAYER: WHY BOTHER? A NEW SENSOR,
PRELIMINARY RESULTS?

J. Wilson
Department of Geography, University of Alberta, Edmonton, Alberta T6G 2H4

When we see leaves or snowflakes swirling in the wind, we get a distinct impression of the scale and
intensity of vorticity, and a feel for the "mixing". But despite the central role played by vorticity in
both our visual concept and the theory of turbulence (viz. the energy cascade to smaller scales via
vortex stretching), vorticity has rarely been measured in the atmospheric surface layer, and it largely
remains to determine the magnitude and scaling of the vorticity components and their fluxes.
Experimentation seems warranted, on the principle that it is often fruitful to study nature directly
rather than limit one's field of view to models purporting to represent nature; and there is always the
possibility that new knowledge of vorticity might contribute towards a better description of processes
of practical interest, such as turbulent mixing.

This talk will view vorticity knowledge: Kolmogorov scaling, and the dynamical equations; vorticity
production at boundaries; and available data on variances and fluxes near ground. A prototype
ultrasonic vorticity sensor will be described, whose averaging area is of order 0.005 m?, ten times
smaller than the earlier devices of Ohtou et al. (1983); Bound. Layer Meteor. 27) and Koprov et al.
(1988: BLM 42). And, if available, field data with the new sensor will be reported.

AN INVESTIGATION OF FLUX-VARIANCE METHODS AND UNIVERSAL FUNCTIONS
APPLIED TO THREE LAND-USE TYPES IN UNSTABLE CONDITIONS

dJ. Padro
Atmospheric Environment Service, Downsview, Ontario M3H 5T4

Fluxes calculated from three flux-variance methods, which depend upon three different forms of the
normalized standard deviation functions (referred to as universal functions) of the surface atmospheric
stability have been tested and compared with measurements for temperature and water vapour. The
flux measurements were made over a fully leafed deciduous forest, a leafless deciduous forest and over
a wetland region during the summer. The first method (referred to as the variance method) allows for
certain constants, which are associated with the universal functions, to vary with the land-use type
and the scalar for which the flux is computed. The second method uses the universal function known
as Tillman, which depends upon two constants and the third method, known as Wyngaard, is the
simplest and depends upon one constant only. Flux estimates from the variance method yield the best
agreement with the observations over the three land-use types and the Wyngaard method appears to
yield estimates that are quite comparable to it. The measurements for the universal functions agree
better with the Wyngaard function for temperature and better with the Tillman function for water

38






Tuesday/Mardi p.m.

A MODEL FOR THE CORRECTION OF SURFACE WIND DATA FOR SHELTERING
BY UPWIND OBSTACLES

P.A. Taylor! and J.R. Salmon?®
lDept. of Earth and Atmospheric Science, York University, North York, Ontario, M3J 1P3
2Zephyr North, Burlington, Ontario, L7L 4B9

Wakes behind 2D fences and 3D obstacles are reviewed with special emphasis on reduced mean wind
speeds and sheltering effects. Based partly on Perera’s study of wakes behind 2D fences, and assuming
a Gaussian spread for wakes behind 3D obstacles, a shelter model is proposed and tested. The shelter
produced depends on a wake moment coefficient, Cy, which appears to be significantly less for 3D
obstacles than for 2D fences. The model (WEMOD) provides a simple basis on which to "correct”
anemometer data for sheltering effects associated with upstream obstacles. Such corrections are an
important step in the generation of improved surface wind climatologies and wind atlases.

As illustrations of the use of model we will show applications to the estimation of sheltering effects of
buildings at Lethbridge Airport (Alberta, Canada) and the J.A. Fitzpatrick Nuclear Power Station
(New York State, U.S.A)) on wind measurements at those sites.

DRAG PARAMETERIZATION AND EFFECTIVE ROUGHNESS LENGTHS
FOR COMPLEX TERRAIN

D. Xu, KW. Ayotte and P.A. Taylor
Department of Earth and Atmospheric Science, York University, North York, ON, M3J 1P3

NWP and Atmospheric Global Circulation Models generally use relatively simple specifications of the
land surface roughness field. The Canadian Climate Centre (CCC) GCM has neutral drag coefficient
and z, fields based on Cressman's estimates. These include both vegetation and topographic
contributions to z, and lead to some anomalies relative to surface micrometeorological estimates. The
Cressman approach emphasises the drag caused by topographic effects, especially over the Rockies,
Andes and Himalayas. Now that the CCC GCM explicitly includes a gravity wave drag
parameterization this emphasis is being reassessed.

Two separate issues are involved: one is the representation of areas of heterogeneous roughness (e.g.
how do we parameterize a grid square containing a mix of forest, prairie and lake) while the other is
how to account for the drag on sub-grid scale topography. Both issues will be briefly reviewed and a
methodology for determining effective momentum roughness lengths from topographic and land use
information (as available on standard 1:50,000 maps) will be presented.
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EFFECTS OF WINTER STORMS ON SEA-ICE OVER THE NEWFOUNDLAND SHELF

C.L. Tang
Dept. of Fisheries and Oceans, Bedford Institute of Oceanography,
Dartmouth, N.S. B2Y 4A2

During a 23-day cruise on C.S.S. Hudson to the N.E. Newfoundland Shelf in March 1992 as part of
the CASP II sea-ice programs, ice, oceanography and wind data were collected to study the response
of the ice-ocean system to strong wind forcing. The data include CTD, current profiles from a moored
ADCP, ice drift, wind at the ship, and current shear at a drifting ice station. A strong storm with wind
speeds up to 40 ms occurred on March 26, and a weaker storm with a maximum wind speed of 25ms
occurred on March 23. After the March 26 storm, the ice coverage decreased rapidly, especially in the
Flemish Pass. The ice drift followed closely the winds. Over the one month period after the
deployment, the ice drifted in the southeastward direction with a mean velocity of 0.15ms . The
currents under the ice were measured by three S4 current meters suspended from the ice surface at
5m, 15m and 40m depths. The vertical structure of the currents exhibit an Ekman spiral during strong
winds which is consistent with the theory of wind driven ice motion. By comparing the CTD data taken
before and after the March 26 storm, mixed-layer deepening was evident in the open water areas, but
the mixed-layer properties were not changed significantly in the ice covered areas. CTD sections across
the ice zone show that water in the deep ocean is homogeneous as a result of winter convective mixing,
but over the shelf the water is stratified. This suggests that there is continuous intrusion of the
Labrador Sea water onto the shelf along the bottom. The intrusion can be a compensating flow of the
offshore surface current forced by winds.

VERIFICATION OF 3, 4 AND 5-DAY PROGNOSTIC CHARTS DURING CASP 1I

A.G. Earle
Newfoundland Weather Service, Atmospheric Environment Service, Gander, Nfld. A1V 1W7

For the field program of Canadian Atlantic Storms Program II, (CASPII), January 15 to March 15,
1992, a forecast centre was set up in St. John's, Newfoundland to provide meteorclogical support to
the project.

One duty of the centre was to provide guidance out to day-5. To assist forecasters in this task, NWP
3, 4, 5-day prognostic charts were available from three Centres, namely, Canadian Meteorological
Centre (CMC), National Meteorological Centre (NMC) and European Centre for Medium-range
Weather Forecasting (ECMWF).

The three numerical products are verified for the CASPII period. Of particular interest are the central
pressures, positions, speed and rate of deepening of the more intense cyclones. As well the consistency
between successive issues of the same model is evaluated.

Another area of interest is how well the day-3 portion of the 3,4,5-day charts follow from the 48-hr
progs of CMC's RFE and Global and NMC's NGM models. This is examined.
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A NUMERICAL MODEL INVESTIGATION OF AN EXPLOSIVELY DEEPENING WINTER
STORM DURING I0P14 OF CASP II

Z. Huo!, D-L. Zhang" J. Gyakum® and A, Staniforth?
Dept. of Atmospheric and Oceanic Sciences, McGill University, Montreal H3A 2K6
RPN, Atmospheric and Environment Service, Dorval, Quebec HOP 1J3

An improved high resolution version of the Canadian regional finite-element model (RFE) is used to
simulate a case of explosively deepening storm that occurred during the Canadian Atlantic Storm
Program II (CASP II). A 48h simulation is employed to examine the structure and evolution of the
storm, A series of sensitivity experiments are conducted to provide a better understanding of the
physical and thermodynamical processes that might be responsible for the rapid deepening, such as
surface sensible and latent heat fluxes, latent heat release, condensation schemes, topography and sea
ice etc. The model reproduces very well the intensity and position of the storm as verified against all
available observations. In particular, the size and position of the "eye" seen on the satellite imagery
are well reproduced. Analysis of the results confirm previous investigators' findings about the
mesoscale structures of the explosive storm, such as upper-level jet streaks, the low-level jets ahead
the cold and warm fronts and the warm core seclusion. The analysis of the model output also show
that: (1) an amplifying upper tropospheric wave determines the initial development of the storm; (2)
at the beginning of the most explosively deepening stage, an upper level jet streak acts in such a way
that the transverse circulation associated with it focuses the upper-level divergence and midlevel
ascent over the surface low; and (3) the latent heat release and surface fluxes of sensible and latent
heat account for a relatively small portion of the rapid deepening.

DIAGNOSING SURFACE DEVELOPMENT OF EXTRATROPICAL CYCLONES: THE IMPACT
OF HEIGHT OF DIABATIC HEATING

dJ. St-James and P. Zwack
Physics Department, University of Quebec at Montreal, P.O. Box 8888, Station A, Montreal,
Quebec H3C 3P8

During the past decades, many studies have shown the importance of diabatic heating in extratropical
cyclones. An analytical study, where the atmosphere is simplified by assuming barotropic and
frictionless motion, examined the impact of the height of diabatic heating. Using a semi-geostrophic
version of the Zwack and Okossi development equation (MWR, 1986), the results showed that when
diabatic heating is in the upper part of the troposphere the development is weaker but the vertical
motion is stronger than when diabatic heating is near the surface..

Clearly, it would then be appropriate to examine these effects in the real atmosphere. In this paper
we will present results from verification of the impact of the height of diabatic heating in a realistic
atmosphere as simulated by the RFE model. These results may have important consequences for
understanding the physics of polar lows and other diabatically driven systems.
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ETUDE DIAGNOSTIQUE D'UNE SIMULATION D'UN DEVELOPPEMENT COTIER MARITIME
A L'AIDE DE L'EQUATION DE ZWACK-OKOSSI

8. Desjardins et P. Zwack
Département de physique, Université du Québec & Montréal, P.O. Box 8888 Station "A",
Montréal, Québec, H3C 3P8

Dans le but d'une meilleure compréhension de I'évolution de la structure des systémes météorologiques
extra-tropicaux tels en autres les cyclones, les anticyclones et les fronts, nous présentons un
diagnostique du développement d'une simulation numérique du modéle EFR. Le diagnostique se fait
a l'aide de I'équation de développement de Zwack-Okossi (MWR 1986) qui fut étendue jusqu'au nombre
de Rossby de l'ordre de 0.3 puis vérifiée par Lupo et al. (MWR 1992) sur un réseau d'observations.
Pour tenir compte du terme adiabatique, une modification est apportée 4 cette équation afin de mieux
isoler la contribution de chaque forcage au développement et au mouvement vertical. Nous présentons
ici les modifications de I'équation de méme que les résultats du diagnostique pour un important
développement Maritimes survenu dans la période du 5 au 7 décembre 1992 tel que simulé par le
modele EFR.

SATELLITE OBSERVATIONS OF PRECIPITATING STRATOCUMULUS CLOUDS

P. Austin! and R. Pincus®
1 Atmospheric Sciences Programme, University of British, Vancouver, B.C. V6T 1Z2
2Geophysics Program, University of Washington, Seattle, WA 98195

We present half-hourly geostationary satellite retrievals of cloud-top temperature and cloud optical
depth for sub-tropical, precipitating stratocumulus layers in a Lagrangian reference frame advecting
with the low-level wind. These observations show the drizzling clouds undergoing rapid
transformations, in which they lose up to 40% of their liquid water over 30 to 60 minute intervals, We
discuss error estimation for the optical depth retrievals using simultaneous measurements from the
Landsat Terestrial Mapper, the NOAA 9 Advanced Very High Resolution Radiometer, an airborne
multi-channel radiometer, and in-situ aircraft measurements, and estimate the impact of these large
rainrates on the cloud dynamics and microphysics.

THE USE OF TOMS DATA IN THE STUDY OF MESOSCALE POLAR VORTICES

M.C. Reader and G. W. K. Moore
Dept. of Physics, University. of Toronto, Toronto, Ont. M5S 1A7

We investigate the hypothesis that certain types of mesocale vortices in the polar air streams are
associated with upper level disturbances. For this study we make use of the daily Total Ozone Mapping
Spectrometer (TOMS) data. The 50 km resolution of this instrument is sufficiently small that one
should be able to distinguish the presence of tropopause distortions and the resulting intrusion of
ozone-rich stratospheric air that are associated with upper-level disturbances. Considering the relative
scarcity of conventional meteorological information in the polar regions, the TOMS data provides a
potentially useful tool for the study of such storms.

Preliminary results of an examination of 39 storms over Canadian and Scandinavian waters showed
only 17 occurring in relatively featureless areas of the TOMS data. Of the remainder, 11 appeared to
be in close association with mesoscale local maxima in the data and 11 accompanied extremely steep
larger scale features. While the TOMS data showed much more structure in the spring months due
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CLIMATIC TELECONNECTIONS FROM THE PACIFIC OCEAN TO THE CANADIAN
PRAIRIES - IMPLICATIONS FOR SPRING WHEAT YIELDS

E.R. Garnett!, J. Babb? and M. L. Khandekar®
!Canadian Wheat Board, Winnipeg, Manitoba R3C 2P5
2Canadian Grain Commission, Winnipeg, Manitoba
3Atmospheric Environment Service, Downsview, Ontario M3H 5T4

Large-scale atmospheric and oceanic circulations and anomalies associated with El Nino/Southern
Oscillation (ENSO) events have been shown to have a significant impact on seasonal weather over
many parts of the world. The ENSO events are further found to have significant impact on world
grain yields. Previous study (research) has indicated that the warming of the sea surface temperatures
in the equatorial eastern Pacific (called El Nino) tends to favour Canadian spring wheat yields while
the cooling of the sea surface temperature in the same region (called La Nina) mitigates spring wheat
yields.

We have extended this study to investigate the impact of the Pacific North American (PNA) index on
temperature and precipitation anomalies over the Canadian prairie provinces. The PNA indices
defined in terms of mid-tropospheric geopotential height anomalies at selected locations over the
eastern half of the north Pacific Ocean, the Gulf of Alaska and the Canadian west coast. Preliminary
analysis suggests that hottest (coolest) summers over the Canadian prairies are associated with
positive (negative) trend of the PNA index.

Implications of our study for foreshadowing grain yields over the Canadian prairies are discussed.

EVALUATION AERIENNE ET PREVISION DES INDICES CANADIENS FORET-METEQ

L. Pouliot
Centre météorologique du Québec, Montréal, Québec H4M 2N8

Les indices canadiens Forét-Météo servent a évaluer l'inflammabilité et la sécheresse des foréts ainsi
que les comportements des feux de forét potentiels ou en cours. Nous savons que les indices sont des
valeurs discontinues (d'une gamme de danger a 'autre) et que la distribution des valeurs d'indice n'est
pas une distribution linéaire. Par conséquent, on ne peut traiter les indices par une simple arthmétique
ou tenter d'interpoler entre deux valeurs. Dans cet ouvrage on revise bridvement les relations des
paramétres météo, indices et feux de forét. On souligne les niveaux de précision qui affectent les
calculs d'inflammabilité des foréts et de comportements des incendies. On décrit la méthode
d'évaluation et de prévision des indices Forét-Météo par zone météo-forestiére reliée aux incendies.
Cette méthode spatiale est développée et utilisée par le Centre météorologique du Québec afin de
fournir 'assistance météorologique demandée par les responsables de la protection des foréts contre
le feu au Québec.
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1) Volet "assistance" chargé du suivi de la campagne agricole, en élaborant des
informations agrométéorologiques (décadaires, mensuelles, conjoncturelles) en vue de
contribuer a I'alerte précoce.

2) Volet "études et développement" chargé du suivi des champs et de I'élaboration des
conseils et avis destinés aux paysans en vue d'une prise en compte des informations
agrométéorologiques dans leurs activités culturales afin de minimiser les risques et
d'augmenter la production agricole. Le volet s'occupe également des études et analyse
d'autres paramétres agrométéorologiques indispensables & I'élaboration des avis et
conseils.

Poster No. 5
SOIL TEMPERATURE DIFFERENCES IN ARTIFICAL GROWING MEDIA

S.E. Tul,ler and M.J. Peterson®
Dept of Geography, University of Victoria, Victoria, B.C., VBW 3P5
2Applied Forest Science Ltd., R.R. 1, Victoria, B.C., V8X 3W9

Temperatures were measured at a depth of 5 cm in nine different greenhouse growing medium
formulations filling styroblock growing containers. The media combined one of three different peats
with either vermiculite, perlite or no additive. All artificial media had a much higher porosity than
mineral soils and water content differences were even more important in controlling thermal property
and soil temperature differences. Afternoon soil temperatures generally had an inverse relationship
with soil moisture. Hydraulic conductivity at actual water content, which includes the effects of both
soil moisture and ease of water movement for evaporation, had a better correlation with both afternoon
and mean daily temperature than did water content or heat capacity. Highest temperatures at night
were observed in media with intermediate water contents. Soil temperature differences between media
were greatest when water contents were low,

MODELLING THE SPATIAL VARIATIONS OF WIND VELOCITY AND WET
DEPOSITION OF ACIDIC IONS ON ROUNDTOP MOUNTAIN, QUEBEC

J.L. Walmsley , H.A. Bridgman' and R.S. Schemenauer?
A1r Quality Research, Atmospheric Environment Service, Downsview, Ontario M3H 5T4
2Cloud Physics Research, Atmospheric Environment Service, Downsview, Ontario M3H 5T4

The MS-Micro/3 computer model for wind flow in complex terrain is applied to the Roundtop Mountain
complex in southern Quebec for three cases: average conditions observed during the August 1987
Chemistry of High Elevation Fog (CHEF) measurement program; and conditions observed during two
24-h periods in August and September 1987. Spatial variations in wind speed and direction calculated
from the model follow terrain features, with highest wind speeds on ridges and lowest in valleys. Model
results at two sites on Roundtop Mountain are compared with observations. Although the model is
designed for gentle terrain variations and steady-state meteorological conditions, the agreement with
wind observations is good.

The wind fields produced by MS-Micro/3, were used in further calculations to obtain spatial

distributions of 80,7, NO,, and H" deposition rates over Roundtop Mountain. Contributions due to
fog deposition and precipitation were computed separately. Input parameters included cloud base
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SIMULATION OF THE ARCTIC ICE COVER USING A MULTI-LEVEL MODEL

G.M. Flato
Institute of Ocean Sciences, Sidney, British Columbia V8L 4B2

Large scale motion is responsible for the highly variable thickness of the Arctic ice cover, producing
areas of open water or leads and deforming the pack into pressure ridges tens of meters thick.
Although the ridging process is important in determining the overall ice budget and the response of
the ice cover to climatic change, it is only crudely parameterized in the two-level sea ice models now
beginning to be used in climate studies. A method of describing the large-scale dynamic and
thermodynamic behavior of pack ice in terms of its thickness distribution (a probability density
function of ice thickness) was developed by Thorndike et al. (/. Geophys. Res., 80: 4501-4513, 1975)
and allows a more complete parameterization of ridging. In the present work, this thickness
distribution theory was extended by including ridged and level ice explicitly. Calculating ridged and
level ice thickness distributions separately allows more insight into the formation, distribution, and
evolution of ridged ice and enables more comprehensive comparison to observations.

This more general theory was incorporated into a large-scale sea ice model, termed the multi-level
model (similar to that of Hibler, Mon. Wea. Rev., 108: 1943-1973, 1980), and used to simulate the
Arctic ice cover using observed atmospheric forcing from 1979-85. A 14 year spin-up, using two
repetitions of this forcing, was required to allow the ridged ice statistics to reach a seasonal
equilibrium. The results of this model were compared to various submarine and satellite observations
to evaluate its performance. With the appropriate choice of parameters, the multi-level model produced
thickness and ridge statistics in general agreement with observations, although there may be some
bias in the large-scale thickness buildup pattern. In addition, a number of sensitivity studies were
conducted to investigate various physical processes and their parameterization in the model. Of
particular interest here were parameters describing the ridging process and the functional form of the
so-called ridge redistributor. Finally, an idealized sensitivity study was performed to illustrate the
response of the Arctic ice cover to atmospheric warming and the differences in the response predicted
by the multi-level model and the more widely-used two-level model.

THE RELATIONSHIP BETWEEN LARGE SCALE CIRCULATION AND
THE CLIMATE AT RESOLUTE BAY, NWT

T. Agnew, J. Knox and A. Silis
Canadian Climate Centre, Environment Canada, Downsview, Ontario M3H 5T4

This study examines the 44 year record of monthly/seasonal averaged temperature and precipitation
observations at Resolute Bay, NWT in conjunction with changes in large scale circulation patterns over
the eastern Arctic and north Atlantic. Teleconnection patterns for the north Atlantic (the North
Atlantic Oscillation ) and the less known Baffin Island- West Atlantic Oscillation are used to explain
about 60% of the variability in seasonal temperature at Resolute Bay.
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eddies is coincident with the location of numerous current meter observations from previous
surveys during which the strong pulses of overflow water (recorded speeds of over 150 cm sec’l)
had spectra peaked at periods of 1.5-2.5 days. It is suggested that the pulses are the signal
observed from energetic, advected cyclonic vortices formed by vortex stretching associated with the
sinking of dense overflow water downstream from the sill of the Denmark Strait. The signature of
the vortices at the sea surface appears in the IR imagery as a cold cyclonic eddy.

Poster No. 7
THE SEASONAL SEA ICE MONITORING AND MODELING SITE (SIMMS)

D. Barber?, E. LeDrew?, A. Silis!, T. Agnew!, T. Papakyriakou?, R. De Abreu?
Canadian Climate Centre, Environment Canada, Downsview, Ontario M3H 5T4
Farth Observations Laboratory, University of Waterloo, Waterloo, Ontario N2L 3G1

The Earth Observations Laboratory at the University of Waterloo developed SIMMS in 1990 to better
understand the physical and biological processes occurring through the atmosphere-cryosphere-ocean
interface and to provide surface validation data for SAR (Synthetic Aperture Radar) and other satellite
and airborne sensors. To date 3 spring field programs have been successfully completed and this
presentation will concentrate on the field measurements program during 1992. The field activity was
based out of Polar Continental Shelf (PCSP) in Resolute Bay, NWT with a field camp on Griffith Island
approximately 20 kilometres southwest of PCSP. There were four primary measurement sites: first-
year ice site; a home site; a multiyear ice site and ice edge site. Snow pits were used to record snow
depth, salinity, density, wetness, dielectrics, and crystal size and shape. Ice cores were taken to study
the physical, dielectric and microstructural properties of sea ice. The measurement of these parmeters
are important to understanding microwave scattering which occurs in the snow and ice volume and
surface energy balance processes.

The presentation will concentrate on the energy and radiation balance at the sites over the the period
of the field experiment from early April, 1992 to the onset of snow melt in June. Surface microclimate
data were collected to evaluate the turbulent (sensible and latent heat fluxes), conductive, and
radiative energy exchanges over different snow ice surfaces.

Wednesday/Mercredi a.m. Room/Salle 303

ATMOSPHERIC DYNAMICS
DYNAMIQUE DE L'ATMOSPHERE

Chair/Président; H.-R. Cho, University of Toronto

THERMAL FORCING OF SLOW TRANSIENTS BY THE SYNOPTIC SCALE
EDDIES IN THE ATMOSPHERE

H. Lin and J. Derome
Dept. of Atmospheric and Oceanic Sciences, McGill University, Montreal, Qué. H3A 2K6

Using 700mb ECMWF analyzed data for 5 winters(1981/82-85/86), the thermal characteristics of the
low-frequency variability are examined. The thermal forcing is defined as the convergence of heat flux
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Effects of PV altering processes arising from parameterized thermal and momentum sources and sinks
are considered. A PV flux vector, describing the dynamics of global PV transport in the model is
calculated and its horizontal component examined at different levels. Zonally averaged vertical
cross-sections are also displayed. The relative magnitude of advective and non-advective components
of the flux is quantified in order to assert the utility of PV as a large scale atmospheric tracer. In the
horizontal component of the flux, non-advective contributions prove significant in distinct regions of
the model atmosphere, most notably gravity wave drag regions of the lower stratosphere and regions
of fairly intense heating associated with heavy precipitation over the Indian Ocean. PV is transported
approximately southward in the former case and northward in the latter suggesting that non-advective
effects are more prevalent in the meridional than in the zonal direction. The vertical component of the
PV flux is characterized by nearly equal contributions from advection and thermal forcing over the
entire model domain; the contribution associated with momentum sources and sinks is comparable in
magnitude only in the planetary boundary layer.

LEAKY MODONS

G.E. Swaters
Dept. of Mathematics, University of Alberta, Edmonton, Alberta, T6G 2G1

Modons correspond to isolated dipole vortex solutions of the quasi-geostrophic equations. They have
been proposed as prototype models for some ocean vortices and atmospheric blocks. The classical
solution obtained by Larichev and Reznik did not permit a Rossby wave contribution in the exterior
region of the modon. However, it is now known (e.g., Butchart et al., J. Atmos. Sci., 1987; Haines and
Marshall, Quart. J. Roy. Meteorol. Soc., 1987) that the gravest mode associated with a normal mode
decomposition for a modon in a continuously-stratified fluid of finite depth necessarily radiates energy
away in the form of a Rossby wave tail in the downstream region. The same effect can be formally re-
created in an equivalent-barotropic model of a stationary modon in a constant eastward flow, where
the flow speed is an allowed Rossby wave group speed. We present a solution for such a modon in
which the exterior Rossby wave field satisfies the appropriate radiation condition in the upstream
region.

GENERAL CIRCULATION MODELING OF STRATOSPHERIC INTERANNUAL VARIABILITY

K. Hamilton
Geophysical Fluid Dynamics Laboratory/NOAA, Princeton University, Princeton, N.J. 08542

The GFDL "SKYHI" general circulation model is designed to perform comprehensive simulations of
the dynamics of the global troposphere, stratosphere and mesosphere. In the version considered here
the primitive equations are discretized on a grid with 3° horizontal resolution and 40 levels between
the ground and the mesopause. A 30 year control simulation was performed using a climatological
annual cycle of sea surface temperatures. The interannual variability of the stratospheric circulation
in this model has some impressively realistic features. In particular the simulated variance of monthly-
mean, zonal-mean temperature and wind in the extratropical Northern Hemisphere agrees fairly well
with observations. The major deficiency is the absence of a realistic quasi-biennial oscillation (QBO)
in the simulated winds in the tropical lower stratosphere.

The model has also been run through a large number of boreal winter simulations with perturbations
imposed on the control experiment. In one set of experiments the Pacific sea surface temperatures have
been changed to those appropriate for strong El Nino or La Nina conditions. Another set of
integrations involved arbitrarily altering the mean flow in the tropical lower stratosphere to be
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resolution domain. A conceptual model of the Labrador Sea polar low was created based on the output
from this experiment. Comparisons are made to existing conceptual models of polar lows in other
areas.

MOMENTUM BUDGET FOR ATMOSPHERIC OROGRAPHIC FLOWS USING
OBSERVATIONS OF THE PYREX FIELD EXPERIMENT

R. Benoit
Recherche en Prévision Numérique, Atmospheric Environment Service, Dorval,
Québec, HIP 1J3

The PYREX experiment was run during October and November 1990 over the Pyrenees mountain
range to collect a comprehensive database that would allow the validation of future meso-beta-scale
meteorological models on orographic flows. Over the last 20 years, the study of orographic effects has
emerged as one of rich and still largely unexplored phenomenology and as the key to drastic
improvements of numerical forecasts both at meso and larger scales. The keystone for understanding
the dynamics of most of the phenomena in mountain meteorology is a quantitative appraisal of the
momentum budget over a pertinent volume. PYREX, ever since its planning, with a high level of
cooperation between numerical models, used as laboratories, and experimental platforms, attempts to
obtain all the terms of the budget.

The platforms were numerous: surface stations, staffed or automated, mesonet across the Pyrences
with microbarographs and real-time orographic drag calculation; 12 upper air sites organized in two
concentric arrays; five acoustic sounders; four wind profilers; constant level balloons from three sites;
four aircrafts with various flight plans, instrument packages and altitude ranges. The observations
have been quality-checked and put into standard formats. A relational database management system
has been used to put all the data into a single integrated and documented PYREX DATABASE. The
PYREX scientific team plans to release the database for public use early in 1993.

The author is completing momentum budget calculations based solely on high-resolution radiosonde
data. Data is projected on a fine 3D grid (10 km by 50 levels) by interpolation and variational splines
schemes and numerical quadrature is used to obtain the budget integrals from mountain surface
upward. Early results have been presented last year at the CMOS '92 Congress; subsequent work has
indicated good agreement of the observations-based budgets with synthetic budgets derived purely from
high-resolution numerical modelling, at least in the lower half of the troposphere. Current results on
the major PYREX IOPs having orographic wave activity will be presented.
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of an increased ice cover would make the ocean warmer, which in turn would melt the ice. Salinity
rejection associated with ice formation is shown to be unimportant. With an ocean-only model, earlier
results show that sub-freezing temperatures develop together with a total collapse of the thermohaline
circulation. Our results thus show the importance of the temperature feedback due to ice extent in
ocean-climate modelling studies.

DEVELOPMENT OF A GLOBAL STEADY-STATE FINITE-ELEMENT BAROTROPIC MODEL

P.G. Myers and A.J. Weaver
School of Earth and Ocean Sciences, University of Victoria, Victoria, B.C., VBW 2Y2

The most commonly used numerical technique in ocean modelling is that of finite differences. However,
another technique which offers a number of advantages over the basic finite difference method is that
of finite elements. These advantages include accuracy of the solution, good conservation properties and
the ability to simply discretize irregular domains. Different parts of the domain can also be discretized
with different resolutions in a simple manner without loss of accuracy.

Over the last two decades, finite elements have gained in popularity in tidal and coastal modelling.
However, they have rarely been used in larger scale ocean modelling, despite their many advantages.
To this end, a global scale steady-state finite-element barotropic model is being developed. The model
has been compared against several analytic and exiting finite-difference numerical solutions in simple
box domains.

THE STERIC COMPONENT OF SEA LEVEL RISE ASSOCIATED
WITH ENHANCED GREENHOUSE WARMING: A MODEL STUDY

K. Bryan! and W.W. Hsieh?
IGFDL/NOAA, Princeton, NJ 08540, U.S.A.
2Dept. of Oceanography, Univ. of British Columbia, Vancouver, B.C., V6T 1Z4

Future sea level rise from the ocean's thermal expansion under global warming was studied using a
sophisticated coupled GCM and a simple reduced gravity model. Atmospheric carbon dioxide was
increased by 1 % per year in the coupled model, which showed that the northern North Atlantic and
the Southern Ocean to be regions of largest heat flux from the atmosphere to the ocean. To explain
some features of the observed rising sea level distribution from the coupled model, a simple reduced
gravity model was used to represent the first baroclinic mode response to the source regions in the
northern North Atlantic and the Southern Ocean. This modified Rossby adjustment problem with the
simple model shed light on the role of coastal and equatorial Kelvin waves and Rossby waves in
distributing the excess sea level from the source regions.
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Poster No. 9
THE DEVELOPMENT OF A SHALLOW CUMULUS CONVECTION SCHEME FOR THE
CANADIAN GLOBAL SPECTRAL MODEL

C. Girard
Recherche en prévision numérique, Service de l'environnement atmosphérique,
Dorval, Québec H9P 1J3

The turbulence parameterization used in the model and strictly only valid when the atmosphere is
unsaturated has been generalized to include the saturated case. The exchange-coefficient closure
assumptions are henceforth applied on the conservative (in absence of precipitation) variables: total
water content and liquid water potential temperature. Within acceptable thermodynamic
approximations, heat and buoyancy fluxes are then found to depend exclusively on the temperature
profiles and therefore not to require the explicit treatment of liquid water. Shallow convection is then
parameterized as the special condition whereby a fraction of a model grid area may be considered
saturated even though the relative humidity may be far less than unity. Results will show in
particular that, when combined to a Kuo scheme to parameterize deep cumulus convection, such a
shallow cumulus convection scheme is able to correct major systematic errors which otherwise develop
in the forecast mean structure of the moisture field in the tropics.

Poster No. 10
THE IMPLEMENTATION OF A KUO SCHEME IN THE CANADIAN GLOBAL
SPECTRAL MODEL

C. Girard' and G. Pellerin®
'Recherche en prévision numérique, Service de I'environnement atmosphérique,
Dorval, Québec HOP 1J3
2Centre Meteorologique Canadian, Dorval, Quebec

Implementation of a Kuo scheme to parameterize cumulus heating, in replacement of a moist
convective adjustment scheme, has been a major objective of RPN and CMC for the past few years. We
have recently achieved this goal, but not without major changes to our turbulence parameterization
to include shallow convection and to our cloud parameterization. We will describe and justify these
changes. We will compare the two schemes and show in particular that the Kuo scheme leads to three
major improvements: reduced spin-up in precipitation forecasts, improved tropical moisture field and
reduced global systematic cooling.
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THE REGIONAL FORECAST SYSTEM AT CMC: IMPLEMENTATION OF A HIGHER
RESOLUTION VERSION

A. Méthot and R. Hogue
Centre Météorologique Canadien, Dorval, Québec HIP 1J3

The Canadian Meteorological Centre has implemented an integrated regional analysis and forecast
system last December. The limited area grid of the system is focused on North America where the
resolution is 100 km. In the new version, scheduled for this summer, the resolution of the analysis and
the regional finite element model (RFE) will increase to 50 km. A new source of data, satellite derived
humidity profiles (HUMSAT), will be added to the data assimilation cycle. It has been shown to
produce improved moisture analyses, especially on data sparse areas such as over the oceans. The RFE
model will use climatological fields directly on its working grid, avoiding unnecessary interpolations.
That, with the increased resolution, will provide a better topography and good coherence among
various surface fields. Tests are underway on a new parametrization scheme for convection and a
radiation module that is fully interactive with the clouds in the model. The new system should be in
operation at the time of the conference. The presentation will focus on differences between the current
operational system and the new version. The effects of the modifications on regional forecasts will be
illustrated with recent cases.

A NUMERICAL STUDY OF WINTER FRONTAL PRECIPITATION SYSTEMS

K.K. Szeto and R.E. Stewart
Atmospheric Environment Service, Downsview, Ontario M3H 5T4

Much of the weather in the mid-latitude wintertime is associated with baroclinic synoptic scale
disturbances. The classical model of stable upgliding above sloping frontal surface is still widely
accepted as the generating mechanism of frontal cloud and precipitation. In this study, a 2-D
cloud-resolving numerical model is used to simulate the cloud and precipitation in warm frontal
systems. Initial conditions are characterized by a non-divergent shear flow blowing from the warm side
of a baroclinic environment. Realistic sloping warm frontal zones characterized by enhanced horizontal
temperature gradients, temperature inversions and strong vertical wind shear were simulated. In
accord with the classical model, weak ascent was generated above the frontal surface, producing
wide-spread stratiform cloud and precipitation. Banded mesoscale precipitation features near the
surface front were also simulated in some cases. Frontogenetic mechanisms, the dynamics of the
precipitation system as well as their sensitivities to the ambient conditions and model physics will be
discussed.

LARGE SCALE TRANSPORT STUDIES: A RADON AND LEAD EXPERIMENT

SR. Beagley , J. de Grandpre!, J.C. McConnell}, N. McFarlane?, and R. Laprise®
Department of Earth and Atmospheric Science, York Umversmy, North York, ON M3J 1P3
2Canadian Climate Centre, Atmospheric Environment Service, North York, Ontario
3Department de Physique, Université de Québec 2 Montréal, Québec H3C 3P8

The Canadian Climate Centre (CCC) GCM is being used to study tropospheric atmospheric chemistry.
Radon (Rn-222) and lead (Pb-210) tracers have been used in an experiment to study the processes of
transport, dispersion and subgrid mixing. The radon decay to lead allows an analysis of the impact of
the global model, on the transport of species having short and long lifetimes respectively. This provides
a simple analogy of a chemical system with a primary precursor pollutant and a dependent secondary
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ANALYSIS OF TURBULENT STRUCTURES ABOVE A FOREST CANOPY
USING THE WAVELET TRANSFORM

B.J. Turner and M.Y. Leclerc
Dept. of Physics, Univ. du Québec & Montréal, Montreal, Quebec,
Canada. H3C 3P8

Above and within forest canopies, a large proportion of the turbulent fluxes (e.g. heat, momentum) is
contributed by a few localized, intense events. However, traditional mathematical descriptions of
turbulence, such as the Fourier transform, anticipate a time-independent behaviour. For intermittent
records, the Fourier spectrum cannot distinguish between the scales of intense structures and the
distance between them.

When aperiodic events appear in time series, a local transform such as the wavelet transform is able
to identify the main scales of the events more clearly than the Fourier transform. Comparisons of
wavelet and Fourier spectra will be shown of turbulence observations from an instrumented tower
above a forest. A space-scale view of the contributions of different eddies to turbulent fluxes is also
provided by the wavelet transform. The relative importance of locally down-gradient and
counter-gradient flux events at each scale can be evaluated and discussed.

PRESSURE FLUCTUATIONS AND COHERENT MOTIONS INSIDE A FOREST

Y. Zhuang
AECL Research, Whiteshell Laboratories, Pinawa, Manitoba ROE 110

Two-dimensional (x-z) pressure fluctuations associated with coherent motions within a forest flow are
calculated using the highly truncated Navier-Stokes equations. The phase relationships between the
pressure and velocities are demonstrated. The dynamic significance of the pressure fluctuations in
understanding of transport processes in forest flow is discussed.

AN ALGORITHM FOR PREDICTING FOG WATER INPUT IN THE MARITIME PROVINCES

X. Yin and P.A. Arp
Faculty of Forestry, University of New Brunswick, Fredericton, N.B. E3B 6C2

Fog may contribute considerably to total precipitation in the Maritime Provinces, and is ecologically
important because of high chemical concentrations. An empirical equation was developed to predict
year-round fog frequency from air temperature, season, and distance from the southern coast, for any
location in the region. Predicted fog frequency was converted to fog droplet deposition on forests using
a model described by Unsworth and Crossley (In "Effects of Atmospheric Pollutants on Forests,
Wetlands and Agricultural Ecosystems,” Edited by T.C. Hutchinson and K M. Meema, NATO ASI
Series, Vol. G16, 1987). Predicted fog water input effectively resolved inconsistencies between
simulated and observed monthly streamflow volumes for forested watersheds in Nova Scotia and New
Brunswick.

72






Wednesday/Mercredi p.m.

relative magnitudes of the fluxes and the shapes of the profiles changed considerably between the
summer experiment (leafed canopy) and the late winter experiment (leafless canopy).

In summer, the upper third of the canopy was the major sink for momentum and ozone and the major
source for sensible heat and water vapour. This was reflected in the shapes of the measured profiles
within the canopy, where the most rapid changes also occurred in the upper third of the canopy.
Typically, in the daytime, fluxes measured at midcanopy were 10% or less of the above- canopy values.
At night the lower canopy became decoupled from the above-canopy flow and this situation persisted
throughout much of the forenoon period.

In winter the lower portions of the canopy and the forest floor became important contributors to the
fluxes and this was reflected by more gradual changes in profile shapes through the canopy. During
the day at the lowest flux measurement height of 3 m, fluxes relative to above-canopy values averaged
7% for momentum, 25% for heat, 45% for water vapour, and 75% for ozone. At night, the lower canopy
tended to become decoupled from the above-canopy flow but, in contrast to the summertime, the
situation did not usually persist for an hour or two after sunrise. The varying contribution from below
3 m for the different fluxes implied differences in the vertical source-sink distributions. These
differences would have implications in the application of K-theory for this canopy and the often
assumed equality of K's for heat, water vapour, and trace gases transport.

ON THE NEED TO DETERMINE LOCAL SCALE VARIATIONS IN EVAPORATION RATES

W.d. Stolte
Department of Civil Engineering, University of Saskatchewan, Saskatoon, Sk. STN OW0

Evaporation is the single greatest consumer of water in the prairies and as such has the most impact
on the hydrologic cycle there. Ironically, it appears to also be one of the least understood phenomena.
This is illustrated by the fact that present day methods of calculating evaporation do not do justice to
the variations in evaporation that can occur on a local scale.

The author's research into soil salinity has highlighted the lack of knowledge about local-scale
variations in evaporation rates. It is becoming apparent from the research that localized build-ups in
salinity can result from the concentration of water in sloughs and the movement of this water upslope
in the surface soil layer caused by high evapotranspiration rates in the upslope regions adjacent to the
sloughs. These high evapotranspiration rates decrease with distance upslope, particularly where the
slope is steep enough to cause increased soil suctions and reduced hydraulic conductivity. These
differences in evapotranspiration rates have given rise to the common concepts of potential and actual
evapotranspiration. Of course, the variations in the evapotranspiration rates along the hillslope also
give rise to different usages of energy along the hillslope. Since there is less evaporation near the top
of the slope, and hence less energy use, than at the bottom, there must be importation of energy from
upslope positions to the downslope locations.

This paper concerns itself with the salinity development around several prairie sloughs and how this
development implies the scenarios outlined above. The paper will focus on the shortage of data and
models to account for the phenomenon. The paper will end by detailing the type of research that
should be done to elucidate it.
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The paper concludes with reference to other wind hazards such as dust storms, wildfire, and ice and
blizzards.

THE INTERNATIONAL DECADE FOR NATURAL DISASTER REDUCTION -
A PROGRESS REPORT

J.P. Bruce
U.N. Scientific and Technical Committee, IDNDR 1875 Juno Ave., Ottawa, Ontario K1H 6S6

The United Nations General Assembly declared the 1990's as the Decade for special efforts to reduce
losses in natural disasters. In doing so, Member countries were influenced by three main factors:

(a) the enormous increases in human and economic losses that have been accompanying
demographic and environmental change,

(b) the fact that, proportionately, damages and suffering are greatest in least developed countries,
and

© that application of available techniques and further improvements in them, can substantially

reduce losses.

On the recommendation of the Scientific and Technical Committee, the U.N. General Assembly
approved in 1991, goals and a technical framework for Decade programs. More than 100 National
Committees or Focal Points for the Decade have been designated and are undertaking a wide range
of valuable disaster mitigation activities according to national and local needs. The global scientific
community has been mobilized around some 25 international demonstration projects designed to
improve prediction of hazards and mitigation of losses, as well as training and public information
activities. Promotion of the goals and activities of the IDNDR has been undertaken by the Special High
Level Council and by a number of inter-governmental agencies and NGO's.

The outcome of UNCED'92 (The Rio Earth Summit), especially Agenda'21 and the Framework
Convention on Climate, has placed further emphasis on disaster loss reduction as a key element in
achieving sustainable development.

ENVIRONMENT CANADA'S APPROACH TO TO THE IDNDR

A. Szlazak
Special Projects, Atmospheric Environment Service, Hull, Québec K1A 0H3

The presentation will describe how, in 1992-93, Environment Canada (EC) defined its opportunities
for participation in the Canadian program for the IDNDR and how the framework for the EC segment
of the Canadian program was developed. it also will provide some preliminary information concerning
the implementation of EC's IDNDR program and departmental preparations for the mid-term review
of the Decade which the United Nations General Assembly has scheduled for 1994. The UN's mid-term
review will include the May 1994 World Conference on Natural Disaster Reduction, to be held in
Yokohama, Japan.
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processes on oil spills over the last twenty years shows the great variability of controlling processes
from one spill to the next. An offshore spill driven by oceanic circulation and large-scale field is
followed by a coastal spill in which littoral currents, shoaling waves, and coastal morphology play
dominant roles. In other cases, estuarine dynamics and density frontal dynamics are of paramount
importance. In this presentation, reference will be made to the actual situation in the St. Lawrence
system and the many efforts deployed by different organizations to compact any future accident that
may occur.

OIL SPILL MODELLING - A REVIEW OF MAJOR OIL SPILLS IN CANADIAN
COASTAL WATERS

S. Venkatesh
Atmospheric Environment Service, Downsview, Ontario M3H 5T4

Over the last 25 years a number of major oil spills have occurred in Canadian coastal waters. Some
of these have resulted in extensive damage to the coastal environments. Most of these major spills
have been the result of accidents during transportation of the oil, with human error being one of the
most common causes for the accidents, Such spills include "The Arrow' and "The Kurdistan' in the
1970’'s and more recently “The Nestucca' and “The Tenyo Maru'. There have been practically no major
accidental spills during hydrocarbon exploration in Canadian waters.

The Kurdistan spill was different from the others in that it occurred in ice-infested waters while the
others were in open water. Understanding the behaviour of these spills and being able to predict their
movement can be a significant factor in minimizing the damage from these spills.

This paper will review the modelling of the drift and spread of some of these spills. Some of the more
recent developments in spill modelling, particularly in ice-infested waters, will be discussed.

THE TSUNAMI FROM THE 1917 EXPLOSION IN HALIFAX HARBOUR

D.A. Greenberg! and T.S. Murty? and A. Ruffman®
"Dept. of Fisheries and Oceans, Bedford Institute of Oceanography, Dartmouth, N.S. B2Y 4A2
2Dept. of Fisheries and Oceans, Institute of Ocean Sciences, Sidney, B.C. V8L 4B2
3Geomarine Associates Ltd., Halifax, N.S. B3J 2L4

The explosion of the ammunition ship Mont Blanc in Halifax Harbour produced a strong tsunami (tidal
wave) locally. There was not an operational tide gauge at the time to document the changes in
sealevel, but there are several narrative reports of extreme high and low water. In this study we
examine the tsunami looking at and integrating three different aspects. We have collected narrative
reports to see what guantitative information might be obtained from them. We have estimated the
height of the initial wave that would be produced from an explosion of 2.9 kilotons in the harbour
narrows where the Mont Blanc grounded. Finally, we have formulated a numerical model to follow the
progress of the wave through the harbour, into Bedford Basin and out towards the Atlantic Ocean.
Various analytical, empirical and numerical models on explosion generated waves provide an estimate
for the tsunami amplitude as a function of the explosive charge and limited by the water depth. For
the Halifax explosion, the tsunami elevation would have been limited to a maximum amplitude of
approximately 16 metres. The results of our model computations indicate that there was a significant
wave in the narrows, but in the outer harbour and Bedford Basin the wave was less than three metres
high. The remnants of the wave exiting the harbour to the North Atlantic were so small that they
would only be detectable with careful observations.
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HYDROLOGICAL CYCLE IN SIMPLE ATMOSPHERE-OCEAN MODELS

D. Mercer
Atmospheric Science Program, Dalhousie University, Halifax, N.S. B3H 4J1

The thermohaline circulation in the North Atlantic (NA) transports heat north, which is released into
the atmosphere, causing cooling and subsidence of the high salinity water, and driving the so-called
conveyer belt. If the salinity is reduced enough, subsidence is stopped, and there is a reduced air-sea
heat flux, cooling the northern climate. One proposed mechanism is an increase in the northward
transport of water vapour and precipitation in the subsidence regions. There is evidence for a weak
or nonexistent conveyer during the Younger Dryas, as well as a cooler climate and lower salinity
surface waters in the NA. Also, different types of coupled atmosphere-ocean models predict multiple
circulation modes which are sensitive to the atmospheric water vapour flux,

We are implementing a one-dimensional atmospheric energy balance model (EBM) which will be
coupled with the Stocker-Wright two-dimensional ocean climate model. This model contains an explicit
hydrological cycle, and has atmosphere and ocean coupled by radiation, and convective fluxes of
sensible and latent heat. Horizontal fluxes of heat and water are advective-diffusive, and the
dynamical structure is parameterized by temperature gradients. There is a Hadley cell region and a
baroclinic region. Radiation is separated into a short-wave and long-wave regime, there are
parameterized clouds, and carbon dioxide and water vapour are included as greenhouse gases. There
is also a crude parameterization for sea ice. We first examine this model with a purely diffusive mixed
layer ocean to confirm that it models the current climate adequately. Then we investigate the
parameterization of northward vapour flux.

AN EXAMINATION OF THE SURFACE ENERGY AND WATER BUDGETS OF
THE CCC CLIMATE MODEL

G.A. McBean and R.A.S. Hourston
Department of Oceanography, University of British Columbia, Vancouver, B.C., V6T 124

The surface energy and water budgets for 3 grid points in British Columbia are examined. Generally,
the features of the simulation were physically consistent and are useful for investigating the budgets.
With the doubling of CO,, the precipitation generally increased in fall and winter while the
evaporation increased in the spring. An interesting feature was the episodicity of the surface fluxes,
particularly of sensible heat flux. It showed very large deviations occurring with outflows of cold air
from the interior to the coastal locations. These caused abrupt decreases in ground temperature and
increases of the frozen soil moisture content. With only a single soil layer in the model, the transition
of the ground temperature from above to below freezing has to be delayed until all moisture is frozen.
This unrealistic feature is being eliminated in newer versions of the soil parameterization.

APPLICATION OF THE U.B.C. WATERSHED MODEL TO TWO CLIMATICALLY
DIFFERENT WATERSHEDS

M.C. Quick, A. Loukas, R. Millar, D. Nixon and E. Wu
Dept. of Civil Engineering, University of British Columbia, Vancouver, B.C. V6T 1Z4

The response of two watersheds in different climatic regions of British Columbia has been analyzed.

The first watershed, Campbell, is located on the eastern, leeward side of the Vancouver Island
mountains. The main climatic features of coastal British Columbia are warm but not hot summers,
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Current Simulations model, sockeye return migrations were simulated for the period from 1950 to
1990. The simulated latitude of landfall and return time anomalies have ranges of up to 550 km and
two weeks, dependent upon the modelled swim speed and compass orientation, and most particularly,
the geographic region from which sockeye initiate their homeward migration. One hundred and sixty-
eight indices of surface current speed were calculated in an attempt to find an index for the correlation
models used by fisheries managers to predict Northern Diversion Rate (percentage of sockeye returning
to the Fraser River around the north end of Vancouver Island) and return times. The correlations show
that a strong Alaska Gyre circulation tends to yield higher diversion rates, earlier return times for the
Early Stewart and Chilko stocks, and later return times for the Dominant Adams stock. The largest
correlation coefficient was obtained with Early Stewart return time (r = -0.532, p < 0.01); the
correlations with diversion rate were not significant (stock-specific diversion rates may yield better
results).

Our simulations show that ocean currents affect sockeye return migration paths and migration rates;
however, other oceanic and coastal variables account for greater portions of the observed variance in
diversion rate and return times. Further work may yield current speed indices to enhance existing
correlation models, or may reveal critical current speed values indicative of years when the Alaska
Gyre circulation dominates. Individual-based biophysical models, which simulate sockeye behaviour
within the complex space-time variability of the oceanic and coastal environments, have the potential
to increase our knowledge of the kinematics of sockeye return migrations. Ultimately, they may
provide fisheries managers with more effective predictions than correlation models.

SEASONAL AND INTERANNUAL VARIABILITY OF PHYTOPLANKTON PIGMENT
CONCENTRATIONS IN FOUR EASTERN BOUNDARY CURRENT REGIONS

A.C. Thomas!, P.T. Strub? S. Lévesque® and C. James®
!Atlantic Centre for Remote Sensing of the Oceans, Halifax, N.S., B3K 5R3
2College of Oceanography, Oregon State University, Corvallis, Oregon

Monthly composite images from the global Coastal Zone Color Scanner data set are used to illustrate
and compare seasonal and interannual variability of phytoplankton pigment concentrations in four
major eastern boundary current (EBC) regions of the global ocean. The study areas extend along the
western coasts of South and North America and southern and northern Africa in the Peru, California,
Benguela and Canary Current Systems respectively. The analysis utilizes the entire time series of
available data (92 months, from November 1978 to June 1986) to calculate mean annual cycles and
indices of interannual variability for a series of both latitudinal and cross-shelf regions within each
current system. Seasonal and interannual patterns in phytoplankton pigment patterns are then
compared to large-scale atmospheric forcing using concurrent ECMWF wind fields. Pigment patterns
within each boundary current show persistent high concentrations (> 2.0 mg m™®) within 40 km of the
coast. However, there is strong variability, both on a seasonal basis and interannually, of the offshore
extent of high concentrations beyond 40 km. Additionally, there are considerable latitudinal differences
within each EBC of this variability. Comparisons with the wind fields indicate that a direct
relationship of the observed pigment variability to wind forcing in these upwelling regions is not
always present.
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SOURCES OF VARIABILITY IN PHYTOPLANKTON CROP COMPOSITION IN SPRING

L.A. Hobson! and V.A. Funk?
IDept. of Biology, University of Victoria, Victoria, B.C. VBW 2Y2
2Dept. of Biochemistry/Microbiology, University of Victoria, Victoria, B.C. V8W 2Y2

Dinoflagellates are not very abundant in temperate waters during spring diatom increases. The
cause(s) of this is (are) not well known. Diatom blooms typically begin when water is turbulent and
this energy dissipation could shear flagella off dinoflagellate cells. Also, photosynthetic rates of
diatoms are large and can cause the pH of seawater to reach 8.6 in afternoons of sunny days. Thus,
the capacity of cells to take up dissolved inorganic carbon (DIC) could also influence the taxonomic
structure of phytoplankton crops in spring. We investigated the carbon-concentrating mechanisms of
a dinoflagellate, Amphidinium carterae Hulbert, a chrysophyte flagellate, Isochrysis galbana Parke
and a diatom, Thalassiosira weissflogii Grunow, and found the latter two to have similar systems,
which were different from that of the dinoflagellate. The pyrrophyte concentrated 10X more
intracellular DIC than did the chrysophytes, while these species had 25X more extracellular carbonic
anhydrase than did the former. The three species exhibited similar kmetlcs for rates of carbon uptake
into acid-stable compounds when exposed to varying amounts of H03 The maximum rate for the
dinoflagellate was enhanced and that of the diatom depressed when CO, was substituted for HC,™,
The influence of these differences on crop composition will be discussed.

OVERVIEW OF SCIENTIFIC PROGRESS OF THE OCEAN PRODUCTION
ENHANCEMENT NETWORK

P.H. LeBlond
Dept. of Oceanography, University of British Columbia, Vancouver, B.C. V6T 174

Recent achievements of the Ocean Production Enhancement Network will be reviewed, with particular
emphasis on work in physical oceanography and its relevance to problems in biological oceanography
and fisheries pertinent to cod, salmon and scallops.

Poster No, 11

IMPORTANCE OF OXIDATIVE PROCESSES IN THE PHYSIOLOGICAL CONDITION OF
MYTILUS EDULIS L. SUBMITTED TO NATURAL ENVIRONMENTAL FACTORS IN THE
LOWER ST. LAWRENCE ESTUARY

dJ. Pellerin-Massicotte, and C. St-Pierre
Département d'Océanographie, Université du Quebec 4 Rimouski, Québec G5L 3A1

Free radicals are often associated with aging and toxicity mechanisms in mammals. However,
information is sparse about the importance of oxidative processes in the physiological condition of
invertebrates subjected to various environmental factors in the intertidal zone. The purpose of this
study was to evaluate the importance of the oxyradical generation in relation with physico-chemical
factors and to characterize antioxidant defence systems in Mytilus edulis L.

A comparative study was achieved between bivalves present at two sites on the north coast of the

lower St. Lawrence estuary: (1) Franquelin (FR), a tidal flat geographically oriented East; (2) Baie des
Anglais, (BC), a steep rocky shore, oriented NE. Bivalves were transferred from Franquelin to Baie
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des Anglais. Indigenous and transferred animals were followed regularly. Measures of hydroxyl radical
scavenging molecules (carbohydrates, GSH), enzymes, (SOD, catalases and peroxydases), malonyldial-
dehyde (MDA: end product of lipid peroxidation), and metabolic substrates were done in the digestive
gland. Sampling of ngllug edulis L, was done at days 0 1, 3, 7, 15, 31 and 63. Mussels were
immediately frozen on dry ice in the field and kept at -70 °C.

We observed high levels of MDA and high catalase activity in the digestive gland at day 15 in all the
sites. The tide was low that day, in broad daylight at noon, thus exposing the bivalves to high
temperatures. Moreover, the difference between the maximum and the minimum temperature was the
highest that day. At day 31, MDA returned to basal levels in Franquelin. In Baie des Anglais, bivalves
exposed to strong waves showed high levels of MDA. Catalase activities returned to normal levels in
all the sites in days 31 and 63. GSH levels increased in the control site at day 31 while an evident
seasonal variation was observed between day 0 and day 63 in all the sites.

These results show that mussels can suffer an oxidative stress due to natural environmental factors.
Strong influences from natural factors could decrease the resistance of organisms to stress and lead
to a poor physiological condition explaining in part the variability in growth of bivalves in an estuarine
ecosystem.

Poster No. 12
INFLUENCES OF MEAN ADVECTION AND SIMPLE BEHAVIOUR ON THE DISTRIBUTION
OF COD AND HADDOCK EARLY LIFE STAGES ON GEORGES BANK

F.E. Werner!, F.H. Page?, D.R. Lynch®, J.W. Loder?, R.G. Lough®, R.I. Perry®, D.A. Greenberg* and
M.M. Smclalr
1Skidaway Institute of Oceanography, Savannah, GA 31416, US.A.
2Depl'. of Fisheries and Oceans, Biological Stn., St. Andrews, N.B., E0G 2X0
Dartmouth College, Hanover, New Hampshlre 03756
“Dept. of Fisheries and Oceans, Bedford Institute of Oceanography,
Dartmouth, N.S. B2Y 4A2
SNational Marine Fisheries Center, Woods Hole, MA 02543
SDept. of Fisheries and Oceans, Pacific Biological Station, Nanaimo, B.C. VIR 5K6

Results of a modeling study designed to explore the influences of physical advection and certain
biological mechanisms on the distribution of cod (Gadus morhua) and haddock (Melanogrammus
aeglefinus) early life stages on Georges Bank are described. Using a late-winter/early-spring 3-D
circulation field driven by the M2 tidal current, mean wind stress and Scotian Shelf inflow, we
examine the distribution of cod and haddock larvae spawned on the Northeast Peak of the Bank. The
sensitivity to a March-April baroclinic field is also explored. Results indicate that larvae remaining in
the surface Ekman layer are generally advected off-bank. However, downwelling associated with
Ekman layer convergence near the shelf break provides a mechanism for larvae to exit from the off-
bank surface drift. Larvae below the surface layer are transported southwestward along the southern
flank of Georges Bank and are retained on the Bank if their position immediately upstream of the
Great South Channel is shoalward of (roughly) the 70 m isobath. Within the Great South Channel
region and between the 50 m and 70 m isobaths, retention can depend on the phase of the tide.
Spawning shoalward of the 50 m isobath on the Northeast Peak greatly increases the chances of
retention. These results apply to passive larvae and to those with specified vertical distributions and
migration based on observations. Directional on-bank swimming at rates of 0.5 to 1 body-length per
second would substantially enhance shoalward displacement resulting in larval distributions during
the first two months that are consistent with field observations.
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that deep convection in this region, particularly the renewal of Greenland Sea Deep Water (GSDW),
was strongly reduced apparently during the 1980's. The Johan Hjort cruises provided a means to
establish an annual time-series of tracer measurements which would provide an unequivocal signal
of deep convection. Results from the 1991 cruise confirmed that the CFC levels in GSDW have
remained essentially unchanged from the concentrations measured in 1982, indicating that renewal
was still restricted. Water mass ages calculated using the observed ratio of CC1,/CFC-11, suggest that
the GSDW and the Norwegian Sea Deep Water (NSDW) share an apparent age of ~22 years, although
transient tracer concentrations in the NSDW are significantly lower than those in GSDW. The water
mass ages suggest that there was major renewal and ‘resetting’' of the tracer inventories of this
region's densest water masses around 1970, possibly associated with a series of anomalously cold years
immediately prior to that time. CFC-11 concentrations in NSDW have doubled between 1982 and 1991.
A signature of slightly “younger' water was found in deep waters overlying the Mohn Ridge, perhaps
an indication of some ventilation of the deep waters at the basin boundaries. Results from the 1992
cruise will be presented for comparison with the 1991 data. A comparison of the water mass ages
derived from the halocarbon data together with ages derived from tritium and helium™ measurements
made on the same samples will also be presented.

Po 0. 1
ASSESSING RECENT VENTILATION OF THE LABRADOR SEA: MEASUREMENT OF
HALOCARBON AND TOTAL DISSOLVED INORGANIC CARBON

R. M. Gershey! and E.P. Jones?
IBDR Research Ltd, Halifax, Nova Scotia, B3J 2T3
2Dept. of Fisheries and Oceans, Bedford Institute of Oceanography, Dartmouth, N.S. B2Y 4A2

Concern about anthropogenic greenhouse gases and global warming has focused attention on the
oceans' role as an important sink for excess atmospheric carbon dioxide. Various attempts have been
made to determine the rate of CO, uptake by the oceans, but the estimates disagree by as much as
250 to 300%.

To estimate the uptake rate of anthropogenic CO, in areas of down-welling, we have made high-
precision measurements of total dissclved inorganic carbon (Cp) in the Labrador Sea where deep
convection occurs during the winter months. We have also measured a suite of conservative water
mass tracers (including the chlorofluorocarbons CFC-11, CFC-12, CFC-113 and carbon tetrachloride
CCly to help in modelling the rate of transport of surface water to the intermediate and deep water
masses in the North Atlantic.

Tracer distributions in the Labrador Sea provide evidence that ventilation of the upper 2000 to 2400
meters of the Labrador Sea has occurred during the last several years. Time series measurements of
Cy with a precision of greater than 1 part per thousand will allow us to follow the anthropogenic signal
in these recently formed water masses.
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Poste .14
THE DEEP WATER OF THE CANADIAN BASIN

E.P. Jones L.G. Anderson? and B. Rudels®
Dept of Fisheries and Oceans, Bedford Institute of Oceanography, Dartmouth, N.S. B2Y 4A2
Dept of Analytical and Marine Chemistry, University of Gothenburg, Gothenburg, Sweden
3Institut fuer Meereskunde, Hamburg, Germany.

The Oden 91 Expedition has provided a data set from which it is possible to deduce new and much
more detailed ideas regarding the origin and circulation of waters in the Arctic Ocean. We propose
three sources for the deep water of the Arctic Ocean: (1) density flows down the continental slope that
are induced by the formation of dense water by freezing on the continental shelves, (2) inflow of
Atlantic Water that is transformed on the Barents Sea shelf and subsequently sinks down the St.
Anna Trough into deeper regions of the Arctic Ocean, and (3) the inflow of Norwegian Sea Deep Water
through Fram Strait. Of these three sources, the Norwegian Sea Deep Water is probably the least
important.

The Eurasian Basin communicates with the Canadian Basin partly through the boundary current
along the Eurasian continental slope, and partly through a spillover across the Lomonosov Ridge
through the deeper rifts found more towards the centre of the Arctic Ocean. The return flow from the
Canadian Basin to the Eurasian Basin takes place as a boundary current along the continental slope
north of Greenland. A temperature decrease is observed in the deepest levels of the Canadian Basin,
while the temperature of the bottom water in the Eurasian Basin increases towards the bottom. This
shows that, in spite of the presence of the Lomonosov Ridge, the deeper waters of the Canadian Basin
are primarily ventilated advectively by water spilling over the Lomonosov Ridge, not by convection
from the shelves.

A model, which incorporates density flows triggered by high salinity shelf water and water overflowing
the Lomonosov Ridge from the Eurasian Basin, is used to reproduce the observed profiles in the
Makarov Basin and to estimate the relative amounts of each of these sources in the deeper layers of
* the Canadian Basin. Incorporating carbon-14 profiles into the mode!l allows the estimate the strength
of the deep circulation in the Canadian Basin.

MODIFICATION OF HALOCLINE SOURCE WATERS DURING FREEZING ON THE
BEAUFORT SEA SHELF: EVIDENCE FROM OXYGEN ISOTOPES AND DISSOLVED
NUTRIENTS

H. Mellmg and R.M. Moore?
Instltute of Ocean Sciences, P.O. Box 6000, Sidney, B.C., V8L 4B2
“Department of Oceanography, Dalhousie University, Halifax, N.S. B3H 3J1

During some, but not all winters, waters on the Mackenzie shelf of the Beaufort Sea become
sufficiently saline to ventilate the halocline of the adjacent Canada Basin. This occurred in March
1988, at which time a survey of the temperature, salinity, dissolved nutrient and 180 properties of the
ventilating waters was completed. The 180-salinity properties of the cold, saline shelf waters revealed
that in the winter of 1987-88, ice was grown from water initially more saline by about 1.5 than is
typical for the area. The higher initial salinity appears to have been a consequence of a two-stage
conditioning of shelf waters by storms in the autumn of 1987, Since the amount of ice growth, and
consequent salt rejection, over the winter of 1987-88 was abnormally low, this conditioning played a
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of environmental issues as a major source of interest and concern to scientists and the public. The
weather services present a strong foundation on which to base Canadian response to these issues. John
Mills, Director General of the Weather Services Programme of the Atmospheric Environment Service,
will discuss the current weather services, environmental issues and other factors of change, and what
is required to ensure that Canada's weather services meet these challenges.

MODERNIZATION OF WEATHER SERVICES IN NEW BRUNSWICK

R. Lefebvre
New Brunswick Weather Services Office, Fredericton, N.B. E3B 6Z3

The opening of Weather Services Office (WSO) across Canada is a key element of the AES
modernization plan. A revitalized weather service program will be achieved through the relocation and
retraining of professional and technical staff, the introduction of new technologies, and most important,
an increased emphasis on service delivery.

These changes are being driven by the desire of Canadians to have access to the information required
to make wise environmental decisions. To meet this need, the emphasis within the WSO will be on
service delivery through improved science and technology. The New Brunswick WSO will provide more
timely, detailed and diversified information on the environment in general, including weather.

The WSO will be an integral part of the New Brunswick science community. Its broad objective is to
share knowledge concerning environmental issues, the state of the environment and responsible
environmental decisions and actions. Its goal, is a healthy environment and a sound economy based
on sustainable development.

AVIATION TERMINAL FORECASTS BASED ON AUTOMATED OBSERVATIONS (FTAUTO)

dJ. Anderson and B. Shannon
Prairie Weather Centre, Atmospheric Environment Service (AES), Winnipeg, Manitoba

For the first time in Canada, on October 9, 1992, aviation terminal forecasts were issued operationally
based on unmanned weather observations. The observations are obtained from a system developed
by the Atmospheric Environment Service known as the Remote Environmental Automatic Data
Acquisition Concept (READAC). This represents a major change in the observational information used
both directly by the aviation community and by those preparing aviation forecasts. The site chosen
for the implementation of this initial forecast program is Big Trout Lake, Ontario (YTL) which is
located in a remote area in Northwestern Ontario. The FTAUTO forecasts are being issued by the
Prairie Weather Centre in Winnipeg, Manitoba.

This paper discusses briefly the planning, training and implementation process involved in the
FTAUTO forecasting program. It then presents a review of aviation user and forecaster assessments
of the observing and FTAUTO programs since October 1992. An important aspect of the forecasting
process is the need to treat the automated observation as a new type of data and to accept the fact that
it must be interpreted differently from the manned observation with which we are so familiar.
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will be the most fruitful. We will be able to identify long and short term solutions to the requirements,
as well as analyze them in terms of effectiveness, and time and effort required for the implementation.

Finally the status of the Transport Canada Low Level Wind Shear Data Collection Program will be
presented.

A KNOWLEDGE BASE SYSTEM TO ANALYZE AND SYNTHESIZE LARGE AMOUNT OF
METEOROLOGICAL DATA

R. Verret, G. Babin, D. Vigneux, R. Parent
Canadian Meteorological Centre, Dorval, Quebec HIP 1J3

The Canadian Meteorological Centre (CMC) has developed SCRIBE, an interactive system for
composition of meteorological forecasts. The heart of SCRIBE is the knowledge base system
(SCRIBE/KBS) which is used to synthesize large amounts of meteorological data when processing the
weather element matrices that include statistical weather element guidances and direct model output
parameters. The processing of the matrices is done to generate the concepts which represent the ideas
hidden behind the digital weather element forecasts available at specific projection times. The
knowledge base system has to scan the data and do cross-validation to come up with a synthesis of the
content of the matrices. The knowledge base system is also used to generate plain language text
forecasts from the concept file. The only component of the system that is needed to be changed to
generate the text is the rule file that comprises the knowledge proper to the text generation.

The three major functional constituents of the SCRIBE/KBS are the compiler to compile the rules, the
inference engine to query the rules and the fact database management system. They work together
to extract and manipulate the concepts imbedded in the raw data, based on the knowledge represented
by an ensemble of rules and to solve the truth system particular to each meteorological situation.

The main advantage of the SCRIBE/KBS is that it uses a predicate language. It is thus possible to
generate and modify rules easily and rapidly. It is also possible to develop a knowledge base editor that
will allow the users of SCRIBE to tailor the knowledge base system to their local needs.

The knowledge base system will be described and examples of its capabilities will be presented.

THE SIGNIFICANT EVENT DESK

P. Chadwick
Ontario Weather Centre, Atmospheric Environment Service, Toronto, ON, L5P 1B1

The Significant Event Desk is like the Science Console on board the Starship Enterprise! With
scanners on maximum sensitivity and range, the Significant Event Meteorologist probes for the
potential development of environmental events. The "Science Officer" of the enterprising Weather
Centre is familiar with the latest meteorological models and concepts and not afraid of applying them
to the real environment. The Significant Event Meteorologist keeps everyone informed as the science
leader on the crew and prevents the Enterprise from self-destructing,

Ongoing evaluation, diagnosis and prognosis of incoming data allows the Significant Event

Meteorologist to anticipate event development and evolution. Scientific services and products are
adjusted to best describe the particular event and to meet the needs of the clients. There is no limit

96






Thursday/Jeudi a.m.

Poster No. 15
AN APT SATELLITE STATION USED IN AN OPERATIONAL METEOROLOGY

ENVIRONMENT

D. Ball
Prairie Weather Centre, Atmospheric Environment Service (AES), Winnipeg, Manitoba

GOES-7 is currently the only geostationary platform providing satellite coverage of western North
America, and it is coming to the end of its operational lifetime. Its replacement, GOES-1, has yet to
be launched, due to continued development problems, and may not be capable of providing satellite
imagery over western North America until late 1994, and possibly later. The use of half hourly
satellite imagery from this type of platform is critical to the production of weather forecasts in western
Canada. To maintain the availability of satellite imagery in the event of a GOES-7 failure, several
tasks have been undertaken.

One solution involves the purchase of inexpensive satellite ground stations for several regions that
utilize APT imagery from NOAA polar orbiting satellites. This imagery is readily available from two
NOAA platforms as well as Russian METEOR and COSMOS satellites and a number of others.
Numerous companies make APT satellite ground stations, and it took nearly a year of testing to select
a system that would meet the needs of the Prairie Weather Centre. The intention of this discussion
is to demonstrate the Dartcom APT satellite system and to show how the imagery that is received is
being used within an operational meteorology environment.

Poster No. 16
CLIMATE INFORMATION SYSTEMS - A PERSPECTIVE

K.C. Heidorn
Axys Environmental Consulting Ltd., Sidney, B.C V8L 3S8

Climate Information Systems are database management and archive systems containing either raw
observations or information statistically derived from observations designed to make weather and
climate data accessible to a wide range of users. Climate Information Systems may be designed as
catalogues of databases, almanacs of statistical summaries and/or specific data collections.

Data archives of national and global holdings have been in existence for years but the need for large
datasets for use in global environmental change studies has placed a strain on the ability of these
archives to respond to user needs. In addition, the amount of climate data collected around the world
is vast and growing rapidly. For example, the NOAA data holdings collected over the past century
stand at over 100 terabytes with a current daily addition of 55 gigabytes of information with this
plethora of data, storage and ease of access become the major concern to the data management
community.

However, rapid advances in computer and communications technology has opened the door to increased
accessibility, improved data display and rapid interactive analysis. Many climatic and environmental
information systems have been developed in recent years or are currently in the process of being
developed. This paper provides a synopsis of several Climate Information Systems.
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The presentation will describe the production and delivery of Ozone Watch and the UV Index.
Indications of how Canadians are responding and making decisions based on this new type of
environmental information has been obtained from follow-up surveys and anecdotal information. The
assessment results to date will be included along with plans for the coming years.

MEASUREMENT AND FORECASTING OF ULTRAVIOLET RADIATION AND
SUNBURN TIME OVER SOUTHERN ONTARIO

W.F.J. Evans
Environmental Resource Studies, Trent University, Peterborough, Ontario K9J 7B8

Studies of the depletion of ozone which have been conducted from ground networks and the TOMS
instrument on the NIMBUS 7 satellite indicate that total ozone has declined by 6 % over the last 12
years at most mid-latitudes in the northern hemisphere typical of southern Ontario. The measurement
of the actual resultant increases in UVB in now important. A monitoring program of UVB (biologically
active solar ultraviolet radiation) has been conducted for the last 36 months at a site near Bolton,
Ontario and at Peterborough. The sunburn time varies from less than 17 minutes in late July, to over
4 hours in December on clear days. The levels depend on solar insolation and total ozone column. The
ultraviolet levels are strongly affected by cloud and sky conditions. A method for deriving UV levels
from cloud conditions is presented. The problem of predicting the effects of future ozone depletion on
the sunburn time is discussed.

STATISTICAL TOTAL OZONE ANALYSES AND FORECASTS FOR CANADA

L.J. Wilson and M. Vallée
Meteorological Services Research, Atmospheric Environment Service,
Downsview, ON M3H 5T4

During the summer of 1992, an objective total ozone forecasting procedure was run operationally at
CMC to provide input to the new daily ozone-UV-B forecast service. The procedure was based only on
potential temperature and 500 mb heights, and was validated and tuned on a rather small sample of
data from April, 1992. Eighteen hour, thirty hour, and forty-two hour forecasts were prepared daily
using output of the global spectral model, then were corrected by a manual procedure using the
previous day's observations.

Since the fall of 1992, we have been working on various ways of improving the forecasts. For 1993, we
have developed a statistical (perfect prog) forecast procedure based on up to 30 years of observations
from 4 Canadian stations. This has been tested on a dataset of observations and model output from
the summer of 1992. We have also developed an objective analysis method for total ozone which takes
into account the climatology of ozone, and which uses real time observations from ten Canadian
stations that are equipped with Brewer spectrophotometers. Since observation data are not available
in cloudy conditions, the analysis also includes a procedure for adding bogussed observations computed
from previous observations at the site and from other observations taken at the same time. The
weights in the bogussing procedure take into account the temporal and spatial correlations of total
ozone.

The form of the analysis and forecast technique that is operational will be described, along with the
results of tests of the new technique. Sample forecast products will be shown. The presentation will
also include a brief discussion of the meteorology of ozone as it relates to the predictors used in
technique development.
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AN EVALUATION UV INDEX FORECAST

P. Dionne
Météomédia/The Weather Network, Montréal, Qué H2K 4P6

Since June 1992 Meteomedia/The Weather Network have been broadcasting AES forecasts of uvb
radiation for clear skies. These forecasts are verified with observations from UV sensors installed at
24 Canadian stations. We first show the verifications when surface observations report clear skies.
Then, we compare the ratio of forecasted uvb over observed uvb as a function of the observed cloud
opacity. From there, we find statistical relations on the effect of clouds on uvb radiation.

THE POTENTIAL IMPACT OF A MAJOR VOLCANIC ERUPTION ON GLOBAL CLIMATE,
STRATOSPHERIC OZONE AND SURFACE UV-B RADIATION

R.KR. Vupputuri! and K. Higuchi?
!Atmospheric Environment Research, Richmond Hill, Ontario
2Atmospheric Environment Service, Downsview, Ontario M3H 5T4

A coupled 1-D radiative-convective-phototchemical diffusion model, which takes into account the
influence of ocean inertia on global radiative perturbations, is used to investigate the impact of a major
volecanic eruption (similar in magnitude to that of Mt. Tambora in 1815 and Mt. Pinatubo in 1991) on
global climate, stratospheric ozone and surface UV-B radiation. A volcanic cloud was introduced into
the model stratosphere between 20-25 km, and the global average peak aerosol optical thickness was
assumed to be 0.25. Both the aerosol optical thickness and aerosol composition which determine the
optical properties, were allowed to vary in the model atmosphere during the life cycle of the volcanic
cloud. The results of the model experiment indicate that the globally averaged surface temperature
decreases steadily from the date of the eruption, with maximum cooling of 1°K occuring in about one
year following the eruption. The calculations also show significant warming of the stratosphere, with
temperature increase of up to 15°K at 25 km in less than 6 months after the date of eruption. The
important effects on the stratospheric ozone and surface UV-B radiation will be discussed.

STRATOSPHERIC OZONE VARIATIONS, ARE THEY IMPORTANT TO STUDIES
OF MARINE CLIMATOLOGY?

B.J. Topliss
Dept. of Fisheries and Oceans, Bedford Institute of Oceanography, Dartmouth, N.S. B2Y 4A2

High frequency variations in the total column ozone field have already been used as a proxy for upper-
level potential vorticity distributions of baroclinic disturbances, allowing researchers to use satellite
data of total column ozone to study variations in the height of the tropopause. This study has taken
historic records of monthly averages and found that, at least for the one region studied, the lower
frequencies inherent in the monthly ozone data still retain a small but significant link to variations
in the height of the tropopause. The sign of the relationship was negative, consistent with the
hypothesis that troughs of baroclinic disturbances would be associated with elevated total ozone levels
as ozone rich stratospheric air replaced ozone poor tropospheric air. It is suggested that the frequency
of disturbances on a monthly timescale has retained the ozone-tropopause link thereby showing up in
seasonal interannual variability. A larger data set of atmospheric and marine parameters and climatic
indices were searched for evidence of similar interannual variability. None of the analyses on climatic
indices yielded significantly similar interannual variations but isolated parameters from both the
atmospheric and marine data did yield similar interannual variability at a very high statistical
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predict. The results of this study seems to suggest that (1) cumulus clouds does not lead to the
presence of the Madden-Julian oscillations directly; instead they are organized into cloud clusters
which are meso-o scale phenomena; (2) the Madden-Julian oscillations are caused by distribution of
latent heat release in cloud clusters. Therefore the presence of the cloud clusters must be
parameterized directly in models that cannot resolve their dynamics adequately; (3) The observed
hierarchical organization of clouds is therefore an integral part of the dynamical processes which leads
to the 30-60 day oscillations of the tropical troposphere.

PRINCIPAL OSCILLATION PATTERN ANALYSIS OF OBSERVED AND SIMULATED
TROPICAL SUMMERTIME SYNOPTIC SCALE DISTURBANCES

dJ. Fyfe
Canadian Climate Centre, Atmospheric Environment Centre, Downsview, Ont. M3H 5T4

Principal oscillation pattern (POP) analysis is a diagnostic technique for determining the spatial and
temporal variability in a multi-component data set. In this paper we exploit the POP technique to
obtain the three-dimensional structure and propagation characteristics of tropical synoptic scale
disturbances (with periodicities between 2 to 10 days) as seen in (1) an 8-year series of U.S. National
Meteorological Center (NMC) analyses and 2) an 8- year numerical simulation with the T32 General
Circulation Model (GCM) of the Cana- dian Climate Centre. Some connections seen between the
characteristics of synoptic scale variability and the 30-60 day intraseasonal oscillations in both the
observational analyses and model simulation will be described and compared.

A NUMERICAL STUDY OF THE MESOSCALE ORGANIZATION OF TROPICAL CONVECTION:
SQUALL LINE INITIATION IN GATE PHASE III

V. Balaji’, G.P. Klaassen' and J.-L. Redelsperger®
Dept. of Earth and Atmospheric Science, York University, North York, Ontario, M3J 1P3
2Centre National de Recherches Météorologiques Toulouse, France

Mesoscale cloud clusters are a frequently observed feature of the tropical atmosphere, and are
responsible in large part for the observed large-scale vertical mass flux. During the 3-week period of
GATE Phase III, for example, over 500 such events were observed, most often showing line
organization, Given that the forcing for such convection comes from widely separated scales (boundary
layer motions on the scale of 1 km, and large-scale ascent due to the easterly wave trough on the scale
of over 1000 km) the organization of low-level ascent into the 10--50 km scale associated with deep
convection and cloud clusters remains an important problem. In the first part of this study (Balaji et
al. 1993) we proposed a mechanism for the formation of shallow mesoscale cloud lines, showing that
their scale selection is modified by the presence of deep gravity wave modes above the cloud layer. In
the present study, we demonstrate that certain classes of squall lines observed in GATE Phase III
occur in environments dynamically similar to those of Part I, but with a layer of much greater
conditional instability extending to the tropopause. The dominant deep modes are principally due to
the shear structure and thus reproduced in the present set of numerical simulations. We show that
the random forcing of the planetary boundary layer by inhomogeneous surface fluxes coupled with a
large-scale forcing term corresponding to the easterly wave trough gives rise to deep gravity waves
which organize low-level ascent on the mesoscale and eventually lead to deep precipitating
cumulonimbus. This also produces sustained boundary layer moisture convergence coupled to the
propagating cumulonimbi, giving rise to a tropical squall line system.
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THE TRANSATLANTIC FATE OF HURRICANES AND TROPICAL STORMS

J.L. Walmsley
Air Quality Research, Atmospheric Environment Service, Downsview, Ontario M3H 5T4

The histories of two hurricanes, one in the Pacific, the other in the Atlantic, were followed as they
were downgraded to tropical storms, merged with extratropical low pressure systems, crossed the
eastern coast of North America and made their transatlantic voyages to Britain and Europe. The first
of these systems, originating as Hurricane Lester, made a landfall in Ireland about 0000 GMT, 30
August 1992, A trough of warm air associated with this first storm was then aloft over southwestern
Wales, where fifteen minutes earlier a strong tornado was reported. Three and a half days later, the
second system, formerly Hurricane Andrew, crossed southern Scotland en route to Norway, Rain and
cumulonimbus were reported as the system passed.

There are other examples of former tropical systems that caused damage in Britain. Tropical Storm
Flossie and the Ark Royal storm of 16-17 September 1978 is one case. An argument can also be made
that tropical air flowing out from Hurricane Floyd caused the high tropopause height in the warm
sector of the Great Storm of 15-16 October 1987.

It is recommended that labels on "post-tropical” storms be retained for many days after they lose their
identity and become connected to extratropical depressions. Tropical systems often contain more
moisture and energy than are normally present in mid-latitude storms. Labelling post-tropical systems
would alert forecasters to the potential for above-average precipitation, strong winds and severe
weather such as thunderstorms and tornadoes.

BREAKING INTERNAL GRAVITY WAVES

G.P. Klaassen! and L.J. Sonmor?
'Dept. of Earth and Atmospheric Science, York University, North York, Ontario M3J 1P3
YInstitute of Space and Atmospheric Studies, University of Saskatchewan, Saskatoon,
Saskatchewan S7N 0WO0

We employ numerical techniques to examine the breaking of nonhydrostatic plane internal gravity
waves. The present analyses differ from previous studies (e.g. Fritts and Yuan 1989) in that the
propagating nature of the basic finite amplitude wave is taken into account, and three-dimensional
perturbations are considered. The roles played by various mechanisms such as Kevin-Helmholtz
instability, convective instability and slantwise-static instability are examined in detail. We
demonstrate that, for certain amplitudes and frequencies, the breaking of internal gravity waves is
dominated by a transition to three-dimensional motion, which leads to an injection of energy into the
dissipation range. The present results suggest significant revisions to the standard picture of the
saturation of vertically propagating internal waves. Implications with respect to momentum transport
and the observed spectrum of internal gravity waves will be discussed.

A THERMODYNAMIC APPROACH TO ATMOSPHERIC ENERGETICS

M.F. Mills and G.B. Lesins
Atmospheric Science Program, Dalhousie University, Halifax, N.S. BSH 4.1

Energetics of atmospheric circulations can be investigated thermodynamically by considering the
atmosphere to be the working fluid of a heat engine. Heat enters the system as sensible and latent
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energy and is rejected to space via radiation. By applying the ideas of finite time thermodynamics to
this atmospheric heat engine, work, power, efficiency and entropy production are calculated for the
circulation. Representing deep tropical eonvectlon with a steady-state closed loop, a value for power
generation is calculated to be 7 Watts/m? which is of the order of estimated dissipation rates.
Sensitivity of the power generated to sea surface temperature and to the height of the tropopause are
also investigated.

A MESO-SCALE PRECIPITATION INDEX BASED ON MOIST SYMMETRIC INSTABILITY:
RESULTS FOR CENTRAL ALBERTA

G. Reuter and N. Aktary
Dept. of Geography, University of Alberta, Edmonton T6G 2H4

The Meso-scale Precipitation Index (MPI) is defined as follows: A parcel from 85 kPa is lifted along
a surface of constant angular momentum dry adiabatically until saturation occurs, and then pseudo-
adiabatically to 50 kPa. The slantwise lifted 50 kPa temperature is then subtracted from the observed
50 kPa temperature. A negative value for MPI indicates the potential for moist symmetric instability.
Since moist symmetric instability usually produces steady precipitation, we explored the usefulness
of MPI to predict the likelihood of precipitation within the next 12 hours.

A complete year of twice-daily soundings from Stony Plain, Alberta, provided the experimental data
set. During the winter, MPI values were positive indicating stable conditions, with very few exceptions.
During the summer, however, about 5-8% of the soundings indicated unstable conditions (i.e. negative
MPI values). Negative MPI values, combined with relative humidity values 260% at low levels, proved
to be a skilful predictor of summer-time precipitation. The data also indicated that larger rainfall
amounts were correlated with larger negative MPI values.

MESOSCALE POTENTIAL VORTICITY ANALYSIS OF A COLD FRONT

Z. Peng and O. Hertzman
Department of Oceanography, Dalhousie University, Halifax, Nova Scotia, Canada, B3H 4J1

Extratropical cyclones and their associated fronts have been a matter for vigorous scientific debate for
many years. Because of the explosive deepening of these cyclones on temporal and spatial scales of a
few hours and a few hundred kilometers, with deepening rates of ten millibars or more per six hours,
such development requires a unique interaction of synoptic, mesoscale, and boundary-layer processes.
Current observations and technologies make it feasible to observe cyclones and the associated fronts
over the ocean and critically evaluate the conceptual and theoretical models.

The mesoscale properties of a surface cold front within a moderate marine cyclone over the ocean is
studied. The potential vorticity structure within the cold front is analyzed. It is found that the air in
the warm sector of the front and above the front is subject to conditional symmetric instability (CSI).
The precipitation in the warm sector could be the result of the release of the instability. This cold front
is characterized by the high potential vorticity in the frontal zone. This result shows that potential
vorticity can be viewed as a valuable indicator of the surface frontal position.

The effects of diabatic processes, such as air-sea interaction, turbulent mixing and latent heating as
well as friction, on the potential vorticity structure are estimated. These results indicate that turbulent
mixing processes play a dominant role in the formation of the high potential vorticity area. A simple
mixing model is constructed to illustrate the turbulent mixing effects. These results confirm the results
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The main mission objectives for ERS-1 were to make a contribution to the scientific study of the earth's
environment and on a pre-operational basis provide data for operational meteorology, sea-state
forecasting and offshore activities. The primary ERS-1 data products are the surface wind speed and
direction over the ocean, the directional spectrum of the ocean waves, the sea surface temperature, the
water vapour content of the atmosphere and high-resolution radar mapping of land, ocean, ice and
coastal zones. During the last two years in orbit the ERS-1 instruments have given an uninterrupted
stream of well-calibrated data, the retrieval algorithms have been validated and the geophysical data
products are currently being used operationally. It is the objective of the talk to give an overview of
the ERS-1 system, the calibration and validation process and the operational experience with the data
products during the first two years in orbit.

AVHRR SATELLITE OBSERVATIONS OF THE INTENSIFICATION OF THE SHELF BREAK
CURRENT DURING AN UPWELLING EVENT OFF VANCOUVER ISLAND

G.C. Staples and W.W. Hsieh
Dept. of Oceanography, University of British Columbia, Vancouver, B.C. V6T 174

AVHRR satellite imagery of the west coast of Vancouver Island during July 1984 was used to
investigate the spatial and temporal variability of the intensification of the shelf break current during
an upwelling event. Thermal imagery shows that the initial indication of the upwelling event appears
as a plume of cold water that originates at the tip of Brooks Peninsula. As the winds increase in
strength, the plume of cold water migrates equatorward from Brooks Peninsula and takes on a jet-like
structure; the central cross-shore axis of the jet is centered slightly seaward along the shelf break.
Cross-shore scales of the thermal fronts just south of Brooks Peninsula are comparable to the internal
Rossby radius, but further south, the cross-shore scales appear to be modified by topography. The
equatorward migration of the cold water is presumably due to the combined processes of advection and
shelf break upwelling. As the winds dramatically weaken following the five-day upwelling event, there
is intense warming of the surface waters along the shelf, but a band of cold water persists along the
shelf break.

Near the end of the upwelling event, an oceanographic cruise took place and in situ sea surface
temperature measurements were in agreement with those obtained from AVHRR measurements.
Coastal lightstations also provided temperature measurements, and the temperature decrease in the
coastal records was related to the increased strength of the wind measured at climatological stations
along Vancouver Island. In addition, a subsurface mooring provided current measurements that were
on order with velocity estimates obtained from the AVHRR data.

RADAR AND INFRARED MEASUREMENTS OF A THERMAL FEATURE MADE
UNDER VARYING ATMOSPHERIC CONDITIONS

B.J. Tophss T.H. Guymer? and A. Viola®
Dept of Fisheries and Oceans, Bedford Institute of Oceanography, Dartmouth, N.S. B2Y 4A2
James Rennell Centre for Ocean Circulation, Chilworth, Southampton SO1 7NS, UK.
3Consiglio Nazionale Delle Richerche, Istituto Di Fisica Dell'Atmosfera, Roma, Italy

Simultaneous measurements of radar backscatter by a radar sensor operating at the ERS-1 frequency
and sea surface temperature (SST) by an aircraft infrared (IR) radiometer, were made over a cold eddy
in the Tyrrhenian Sea. The purpose of the study was to investigate whether the radar backscatter data
showed any dependence on SST. During the experiment the atmospheric conditions changed. The
infrared view of the eddy remained consistent throughout the experiment whereas the radar
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backscatter data gave a more intermittent view of the eddy and that view appeared to change from
day to day. For a two day period of very light winds and calm sea conditions the radar signature
mapped the main thermal gradient features of the eddy. For a further three days with moderate
winds from the north to east quarter, the radar data did not identify the major thermal gradients of
the eddy. Changes in the radar view of the eddy might occur due to changing wind fields or
atmospheric stability patterns over the thermal front and these hypotheses were discussed with
regard the differing atmospheric conditions occurring during the experiment.

ANNUAL VARIATION OF SEA SURFACE SLOPES OVER THE SCOTIAN SHELF AND GRAND
BANKS FROM GEOSAT ALTIMETRY

G. Han, M. Ikeda and P.C. Smith
Dept. of Fisheries and Oceans, Bedford Institute of Oceanography, Dartmouth, N.S
B2Y 4A2

The Geosat radar altimeter data from ~60 repeat cycles of the Exact Repeat Mission (ERM) over the
period November 1986 to September 1989 have been analyzed to show the annual variations of the
sea-surface slopes corrected for ocean tides over the Scotian Shelf and the Grand Banks. A coastal tidal
model developed at the Bedford Institute of Oceanography, combined with the global tidal model of
Schwiderski, is employed to remove the tidal signals from the sea-surface heights over those regions.
Linear regression technique is used to estimate the sea-surface slopes over the inner shelf region and
the outer shelf region (or) over the sheif and shelf-break along the Geosat ground tracks. The harmonic
analysis method is applied to the time series of the sea-surface slopes to derive the annual signals,
showing the amplitudes of the order of 5 cm/100 km with slopes up in winter and down in summer
toward the coast.

The larger annual cycles occur over the outer portion of the Laurentian Channel and southwest Grand
Banks, uniformly up in winter and spring and down in summer and fall. The annual cycles of the sea-
surface slopes over the Scotian Shelf vary between the eastern and western portions: the eastern
portion synchronizing with the Laurentian Channel, and the western portion up in fall and winter and
down in spring and summer. The signals over the eastern Scotian Shelf vary between the eastern and
western portions: the eastern portion synchronizing with the Laurentian Channel, and the western
portion up in fall and winter and down in spring and summer. The signals over the eastern Scotian
Shelf are comparable with the geostrophic surface currents estimated from hydrographic data along
the Halifax section. The signals over the western Scotian Shelf are consistent with the adjusted sea
level at Halifax. The annual variabilities of the sea-surface slopes over the Scotian Shelf and the
Grand Banks are thought to be induced by the seasonal outflow through the Cabot Strait from the
Gulf of St. Lawrence, and possibly by an annual cycle in the Slope Water current.

A STUDY ON ALTIMETER DATA ASSIMILATION TO A TWO-LAYER ROSSBY
WAVE MODEL BY ADJOINT METHOD

L.Z. Cong and M. Tkeda
Dept. of Fisheries and Oceans, Bedford Institute of Oceanography, Dartmouth, N.S.
B2Y 4A2

The adjoint equation method to assimilate Geosat altimeter data has been examined in terms of
reconstruction of mesoscale features. A one-dimensional two-layer Rossby wave model has been chosen
as a test bed. The simulated data with realistic low resolution are extracted from theoretical solution
at specific tracks and repeat periods in a similar way to those of the Geosat data. The space of control
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variables is composed of initial and boundary conditions. The cost function includes the difference
between the data and assimilation solution, as well as regularization terms which are the second-order
spatial and time derivatives of the solution. A focus of this paper is put on two potential problems
existing in the altimeter data assimilation: one is low cross-track resolution, and the other is vertical
projection of the data measured at the sea surface.

It is noted here that the theoretical solution is well reconstructed in all numerical experiments, even
for a short wave with only two data points in one wavelength. Vertical projection of sea-surface
information has been effectively assimilated by an optimal procedure in two sub-spaces: a parameter
expressing a ratio of pressure amplitudes in the two layers, and the subset of initial and boundary
control variables. Combination of this procedure with the assimilation by the adjoint method ensures
quick convergence starting with an arbitrary first guess of the control variables. Reduction of the space
of control variables is also useful to speed up the convergence. An analysis of the Hessian matrix can
improve performance of this technique. Influence of measurement errors in the data is studied by
adding a set of random noise. It is found that random noise induces only local error around data
points, which means that this linear system is quite robust to the random noise.

RAINFALL RETRIEVAL DURING GPCP/AIP-1: A PATTERN RECOGNITION APPROACH
USING SATELLITE DATA AND CMC FORECAST MODEL FIELDS

C. Grassotti and L. Garand
Atmospheric Environment Service, Dorval, Quebec, HOP1J3

Using a multifeature classification approach, we examine methods which retrieve rainfall by combining
information from geostationary satellite imagery and short-term weather prediction model fields. In
particular, the model forecast of rain rate is used as an additional classification parameter. For the
data and time period examined here (Global Precipitation Climatology Project data at 1.25 degree
resolution from June and July/August 1989 over Japan) it is shown that a combined satellite-model
method can yield improved retrievals of rainfall relative to those obtained by using either satellite data
or mode! forecasts alone. Satellite estimates are superior to model forecasts in detecting heavy rain
events associated with extremely cold cloud tops, and in identifying cloud-free regions. Model estimates
are superior to satellite retrievals in terms of dynamic range and regional bias. During June both
model and satellite estimates were of comparable accuracy. However, in July/August satellite retrievals
largely underestimated monthly rainfall, while the model produced poor hourly forecasts. If results
obtained during June are found to be valid for other regions of the globe, the method could be used in
a real time operational NWP environment since it is computationally rapid, with only satellite
observations and model predicted fields needed to derive the estimates.

AN EVALUATION OF SEA SURFACE WIND MEASURMENT FROM TWO DIFFERENT
SATELLITES: SSM/I & ERS-1

N. Wagneur
Centre Météorologique Canadien, Dorval, Québec HOP 1J3

A systematic comparison of satellite sea-surface wind measurments with the forecast wind of the
Canadian global model is presented. Results indicate the limits of validity of this data, and are used
for an evaluation of the quality of SSM/I wind speeds and ERS-1 wind speeds and directions.

Results of similar comparisons between winds measured by moored buoys and the forecast of the CMC
global model let us appraise the quality of ERS-1 winds.
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The CAPPI and echo top products are combined with the corresponding maps from two other radars
near Ottawa and Quebec City. This composite image is in turn joined with a map of rainfall estimate
from GOES satellite data which is part of the RAINSAT system also operational at CMQ since 1990.

We are in the process of Dopplerizing our S-band radar and record both velocity and reflectivity data
over the 24 elevation angles while still maintaining our current data acquisition cycle of five minutes
at 6 rpm. Unambiguous velocity of +31 m/sec is collected up to a range of 125 km using a pulse pair
algorithm while, simultaneously, unambiguous reflectivity data is recorded up to a 500 km range. The
software of the existing RDPS system has been upgraded to incorporate the display of Doppler PPls
and of the VAD and mesocyclone analyses.

The MRO facility also includes an X-band vertically pointing radar with a temporal and spatial
resolution of two sec and 15 m respectively. Fine resolution 3-D data (250 m and 0.12°res) from the
S-band radar within a 48 km range can also be archived and displayed on a PC workstation. This fine
resolution data, combined with data from the McGill wind profiler, has proven to be essential in
understanding small scale phenomena and an ideal tool for examining the vertical profile of
reflectivity.

INFERENCE OF ENERGY AND RADIATIVE FLUXES WITHIN A SNOW COVERED SEA ICE
VOLUME FROM MICROWAVE SCATTERING

D. G. Barber, T.N. Papakyriakou, and E.F. LeDrew
Department of Geography, University of Waterloo, Waterloo, Ontario N2L 3G1

Microwave energy interacts with a seasonally varying snow cover on sea ice as a direct consequence
of the snow dielectric properties. These in turn are determined by the phase proportions of water and
the fractional volumes of ice and brine within the snow cover. The energy fluxes of the volume cause
changes in the phase proportions which are reflected in the radiative interaction at the surface of the
snow. Knowledge of these geophysical and electrical properties of the snow cover can be exploited to
allow inference of energy fluxes from the microwave scattering at 5.3 GHz to a Synthetic Aperture
Radar (SAR). Modelling results show that the integrated climatological shortwave albedo and the
seasonal evolution of the scattering cross section (o) are highly correlated. Observational results show
that SAR data from the European Earth Resources Satellite-1 (ERS-1) can be used to infer both the
conductive sensible heat flux and radiative flux of the snow cover during seasonal metamorphosis from
winter to late spring. An assessment of the operational utility of this measurement with mesoscale
climate models concludes this paper.

Poster No. 18
CANADIAN SEA ICE ATLAS FROM MICROWAVE REMOTELY SENSED IMAGERY

E. LeDrew?, D. Barber?, and T. Agnew!
! Canadian Climate Centre, Environment Canada, Downsview, Ontario M3H 5T4
2 Earth Observations Laboratory, University of Waterloo, Ontario N2L 3G1

Sea Ice is an integral part of the global climate system especially in its capacity to act as a major
planetary heat sink at the poles and as a thermal and moisture barrier between the polar oceans and
the atmosphere. This atlas estimates sea ice concentration and extent from the Special Sensor
Microwave Imager (SSM/I} using the Canadian sea ice algorithm developed by AES/York University
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(Dr. R. Ramseier). The Atlas documents the variability in sea ice cover over the northern hemisphere
for the period July, 1987 to June, 1990. Considerable regional differences occur from year to year
reflecting variability in regional climate and these will be illustrated in the presentation and
interpreted in terms of changes in atmospheric circulation and regional climate.

The presentation will also discuss microwave properties of sea ice, sea ice algorithms, and the use of
satellite microwave remote sensing as an important tool in monitoring variability and trends in
regional arctic climate.

METOZ: THE GENERATION OF OZONE AND ULTRAVIOLET RADIATION MAPS
FROM METEOROLOGICAL DATA

L.R. Poulin! and W.F.J. Evans?
1St. Raphael Street, Sudbury, Ontario
2Environmental Resources Studies, Trent University, Peterborough, Ontario K9J 7B8

A procedure for the generation of maps of ozone and ultraviolet radiation from upper air maps has
been successfully developed. This program is called the METOZ algorithm. Comparisons of the ozone
fields have been conducted against ground network measurements and ozone maps from the TOMS
instrument on the NIMBUS 7 satellite. These indicate that total ozone agrees better than 6% at mid-
latitudes in the northern hemisphere. Comparisons of the UV levels with the measurement of the
actual UVB levels show good agreement on clear days. The UV levels depend on solar insolation and
total ozone column, but are strongly affected by cloud and sky conditions. The problem of predicting
the effects of future ozone depletion on the sunburn time is discussed. Studies of the Arctic ozone
crater over the last two winters are shown. The difference between the METOZ and the TOMS ozone
imagery has been used to study the pattern of chemical depletion within the Antarctic ozone hole in
fall, 1992,

THE SYNOPTIC CLIMATOLOGY OF SURFACE OZONE IN RURAL SOUTHERN ONTARIO

K.C. Heidom
Axys Environmental Consulting Ltd., Sidney, British Columbia V8L 358

The partitioning of surface ozone concentrations by surface and 50 kPa weather patterns has provided
a means whereby large-scale meteorological influences may be studied. The classic "back of the high"
pattern for high concentrations of ozone and "front of the high" pattern for low ozone concentrations
are evident from the synoptic climatology of warm-season weather patterns. However, in the cold

season, the patterns are reversed - highest concentrations occurring in front of the high and lower on
the back of the high.
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Both the CANSAP and CAPMoN precipitation chemistry samplers were tested at the Regina Airport
from September 1984 to November 1987. The study demonstrated that the change from the CANSAP
to CAPMoN sampler greatly reduced evaporation losses. Both samplers are relatively good rain gauges
but, lacking any shielding from the effects of the wind, they are abysmal snow gauges. A discussion
of the impact of the evaporation on the calculated concentrations of major ions for both samplers will
be presented.

SEASONAL FOG AND PRECIPITATION CHEMISTRY AT FORESTED MOUNTAIN
SITES IN SOUTHERN QUEBEC

R.S. Schemenauer, C.M. Banic and Natty Urquizo
Atmospheric Environment Service, Downsview, Ontario M3H 5T4

The Chemistry of High Elevation Fog (CHEF) program has been making measurements, since late
1985, of fog and precipitation chemistry, ozone concentrations, meteorological data, and fog frequency,
at canopy top at two (three in 1986) mountain sites in southern Quebec. The fog, precipitation and
mixed fog-precipitation chemistry data for the period 1985 to 1988 are presented here along with data
from one co-located valley site. The canopy top fog pH values are consistently (19 of 25 seasons) below
4.00 and about one-half a pH unit lower than in precipitation. The ion concentrations (SO,~, NOy',
Cl', Na*, NH,*, K*, Ca™ and Mg™) and ion ratios show differences between the Roundtop Mountain
(Sutton) site (southeast of Montreal) and the Mont Tremblant site (northwest of Montreal) but both
exhibit the expected dominance of sulphur chemistry in the warm season (NO37/S0," 0.29 to 0.48) and
enhanced nitrate chemistry (NO3/SO,~ 0.71 to 0.91) in the cold season. Calculations of wet deposition
to these mountain forests show that the input from the frequent fog cover significantly exceeds the
input from precipitation. The seasonal chemistry data will enable realistic deposition estimates, of
annual inputs to these high elevation forests, to be made for the first time.

COLLISION RATES OF SMALL DROPLETS IN WEAKLY TURBULENT CLOUDS

A.S. Koziol and H.G. Leighton
Dept. of Atmospheric and Oceanic Sciences, McGill University, Montreal, PQ, H3A 2K6

In the process of laminar sedimentation, collision rates of small water droplets (radii less than 10 pm)
are relatively small. We have examined whether weak turbulent fields can enhance these collisions.
Our estimates of the probability of collisions between pairs of drops are based on calculations of drop
trajectories.

Turbulence was represented in the form of random Fourier modes and scaled in a manner to reproduce
appropriate energy spectra in the inertial and dissipation sub-ranges. Turbulence on small length
scales is sufficiently well represented by the two first term of a Taylor expansion, i.e. the superposition
of uniform and linear shear flows. Consequently, hydrodynamic forces and torques experienced by
drops were obtained as linear combinations of effects of uniform translation, rotation and shear.

Our caleulations show that weak turbulence characterized by energy dissipation rates in the range of
1-10 em? s has a significant effect on droplet collisions.
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SOLAR RADIATIVE TRANSFER FOR WIND SHEARED CUMULUS CLOUDS

H.W. Barker
Canadian Climate Centre, Downsview, Ontario M3H 5T4

All solar radiative transfer models used by global climate models and satellite retrieval algorithms
assume that clouds are plane-parallel and homogenous. Real clouds, however, are far from possessing
these ideal attributes. In fact, substantial portions of real clouds are highly variable over a wide range
of scales. Over the past two decades, much work has been done towards comprehending how
inhomogeneous cloud transports solar radiation. One of the most intensely researched brands of
inhomogeneity has been simply arrays of finite cloud cells such as fair weather cumulus or broken
stratocumulus. In general, such arrays reflect more (less) radiation than their plane-parallel
counterparts for low (high) sun. In all such studies, the cloud cells were assumed implicitly to exist
in the absence of wind shear. Usually, however, fields of broken cumuli (fair weather and trade cumuli
especially) exist in substantial wind shear. Unmistakably, the dominant effect of wind shear on cloud
geometry is the apparent effect of clouds being pulled along by their tops. This effect was imparted on
normal cuboidal elouds and Monte Carlo photon transport simulations were done.

If clouds are sheared away from the sun, the overall reflectance of the cloud field at visible
wavelengths can be up to 25% or 45% larger than if the clouds are sheared towards the sun. This is
a significant variation whose magnitude exceeds reflectance differences between plane-parallel clouds
and most other forms of inhomogeneity studies thus far. On account of reduced side illumination for
clouds sheared towards the sun, the reflectance of such individual clouds is up to 15% larger than their
counterparts sheared away from the sun. Not only are these radiative transfer dependencies on
relative solar azimuth potentially important for climate simulations, they can also substantially govern
cloud optical properties inferred from satellites (particularly when second-order shearing effects on
cloud droplet size distributions can effect upwelling radiances).

AIR QUALITY SIMULATIONS - HOW MUCH BIAS AND ERROR CAN
CLIMATE INTRODUCE?

Z. Radonjic and J. W.S. Young
SENES Consultants Ltd. Richmond Hill, Ontario L4B 11.9

This paper examines how biases in a meteorological data set can effect air quality modelling results.
Regulatory agencies often require the use of "real” meteorology for air quality assessment, and this
data usually is not available at the location where the assessment is to be done. Are the errors
introduced significant in an assessment?

SENES Consultants Limited was contracted to do an assessment of the impact of changes to a landfill
in Maple, Ontario. This study involved the calculation of short-term extreme values, as well as 24-
hour averages and long-term predictions of dust (SPM). The modelling involved the use of the
Industrial Source Complex (ISC) Model and the Fugitive Dust Model (FDM) which requires detailed
meteorological data as input.

The potential bias was investigated by:
(a) Comparing Toronto Pearson Airport and North Maple Reservoir data
(¢} using different methods for stability class calculations:
(2) for different wind speeds;
(6))] for different wind directions; and
4 showing meteorological biases;
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UPPER OCEAN CIRCULATION MODEL

J. Gan', R.G. Ingram!, R.J. Greatbatch? and P. Chen’
'Dept. of Atmospheric and Oceanic Sciences, McGill University, Montreal, Quebec,
H3A 2K6
Dept. of Physics, Memorial University, St. John's, Newfoundland A1B 3X7

The two and a half layer upper ocean model, which resolves the oceanic mixed layer and the
thermocline, was developed and applied to Baie des Chaleurs during the upwelling season. Forcing
with observed wind, buoyancy and remote forces, thermodynamic and hydrodynamic response of
the mixed layer and thermocline will be discussed.

A NUMERICAL STUDY ON CIRCULATION IN THE BAIE DES CHALEURS

P. Chen and R.G. Ingram
Dept. of Atmospheric and Oceanic Sciences, McGill University, Montreal, Quebec, H3A 2K6

The Baie des Charleurs, at the western Gulf of St. Lawrence, is subject to the influence of dominantly
westerly wind and St. Lawrence River plume and the cyclonic circulation and upwelling are prominent
phenomena. A numerical modelling study with a time dependent, three dimensional primitive equation
model is underway to better understand the nature of circulation and associated upwelling/
downwelling events, coastal waves, temperature and salinity characteristics etc.

The model uses realistic coastal geometry and bottom topography. Idealized forcing has been tested
to study the respective roles of different forcing components. It is found that the less dense coastal
current from the north (the extension of St. Lawrence river plume) is largely responsible for the
cyclonic circulation in the bay. An eastward wind intends to generate an anticyclone so as to weaken
the existing cyclonic flow due to plume. On the contrary, westward wind enhances the cyclone. The
upwelling/downwelling events are produced in the model and may be explained by wind generated
pressure gradient along the bay in addition to classical Ekman transport. Northern inflow does not
enter the bay following the coast, which is also suggested by current measurement at the entrance of
the bay. Experiments also show that reducing the northern boundary inflow weakens the cyclonic
current in the bay, and that the addition of weak meridional wind does not change the major features.
The river discharges changes the general circulation little but their affect on salinity distribution is
important.
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TURBULENCE AND MIXING IN THE STRAIT OF GIBRALTAR

J.C. Wesson' and M.C. Gregg®
'Dept. of Atmospheric and Oceanic Sciences, McGill University, Montréal, Québec, H3A 2K6
Dept. of Physical Oceanography, University of Washington, Seattle, WA, USA

Two cruises in the Strait of Gibraltar were undertaken as part of the Gibraltar Experiment, to study
the influence of turbulence and mixing on the two layer exchange flow in the Strait, and to examine
the characteristics of turbulence in the energetic Strait regime. The surveys (with over 1100
microstructure profiles) were carried out in the Strait October 12-20, 1985 and May 4-16, 1986. Results
from the cruises (sampling of temperature, conductivity and small scale velocity, as well as ship
mounted velocity and echosounder profiling in the upper 275m) are analyzed and discussed.

Mixing accounts for the changes in the inflowing layer along the Strait. In the west end the inflow
layer is virtually pure Atlantic water. In the total inflow of 1.2Sv observed at the east end, 0.4Sv is
unchanged Atlantic water and 0.8Sv is half Atlantic and half entrained Mediterranean water. The
CTD and velocity data are used to predict turbulent and mean transport across isopycnals, due to
entrainment between the inflow and outflow layers. We use this estimate to predict buoyancy fluxes.
This data set shows the importance of a thick interfacial layer (60-120m) and the non-coincidence of
the velocity and density interfaces. The high dissipation and mixing at the Camarinal Sill is nearly
large enough to account for predicted buoyancy fluxes. Due to tidal flows, velocity and density
structure are highly variable, complicating analysis of water mass change within any short sequence
of profiles.

The key high dissipation region is the internal hydraulic jump at Camarinal Sill which was sampled
repeatedly. Peak dissipation rates observed at the jump were > 102 W kg! in a 10m thick layer.
Overturns downstream of the jump were often larger than 50m thick. A second important source of
mixing is internal bores propagating eastward, which were also sampled repeatedly. The dissipation
signal in the bores decays fairly rapidly; samples 15km and 25km east of the Sill are markedly
different.

Turbulence in the Strait was extremely high, typically 2 to 4 orders of magnitude higher than in open
ocean thermocline samples. Dissipation rates were highly variable and could not be parameterized in
terms of the shear observed in ADCP profiles. Thorpe and Ozmidov scales are nearly equal.

Velocity and density data from the east end of the Strait show that the exchange was different
between October and May; it was submaximal in October and maximal in May.

MODELLING OF DOUBLE DIFFUSIVE INTRUSIONS

D. Walsh and B.R. Ruddick
Dept. of Oceanography, Dalhousie University, Halifax, N.S. B3H 4J1

The intrusion model of Toole and Georgi (1981) provides the standard picture of the mechanism by
which a statically stable, motionless fluid with lateral salinity and temperature gradients can be
unstable to quasi-lateral intrusions. The growth of such intrusions leads to cross-front fluxes of heat
and salt at oceanic fronts. Recent data show that intrusions have vertical wavelengths significantly
larger than theory predicts. In an attempt to explain this disecrepancy between theory and observation,
we have considered a generalized version of the model of Toole and Georgi, in which the salt diffusivity
Ks is not constant (as T-G assumed), but is instead a function of the stability ratio R. Our results show
that allowing a non-constant diffusivity Ks(R) leads to some interesting differences between our results
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variability in snow cover duration is evaluated for several regions of Canada, and comparisons are
carried out with temperature and precipitation data to gain further insight into longer-term
climate/snow cover relationships.

Recent variations in snow cover duration at Canadian stations were derived from daily measurements
of mean snow depth covering the period 1955-89. Linear regression analysis revealed a consistent
reduction in snow cover duration across all regions of Canada over the 35 year period: of the
approximately 150 stations analyzed, only 5 stations exhibited a positive slope and none of these were
statistically significant. A comparison of fall and spring half-year periods indicated that most of the
observed decrease had occurred in the spring. These results are consistent with other snow cover
studies (e.g. Foster, 1989; Stuart et al., 1991; Robinson et al., 1992), and with recent trends toward
earlier spring ice break-up observed at many Canadian lakes (Skinner, 1992) and the Great Lakes
(Hanson et al, 1992). The snow cover duration trends are broadly consistent with recent air
temperature trends.

Longer-term variability in snow cover duration was investigated by reconstructing daily snow depths
from observed daily snowfall and estimated daily snow-melt. The latter was derived from a simple
melting degree-day model which was seasonally calibrated against observed snow cover duration data
covering the period 1955-89. The technique was found to work well over most of the interior of Canada
south of the tree-line, and was typically able to explain 70-80% of the variance in observed annual
snow cover duration (snow depth >3 cm).

To analyze the results, snow cover duration anomalies were computed with respect to a 1961-80
reference period at each station. These were spatially averaged and low-pass filtered to investigate
long-term variability in snow cover duration for several regions (the Western Prairies, Southern
Ontario, and the Maritimes). Snow cover duration was observed to have experienced significant
fluctuations at decadal and longer time scales, and while all three regions exhibited quite different
scales of variability, a common feature was a trend toward increasing snow cover duration from the
1930s to the late 1960s, followed by a rapid decrease in snow cover duration during the 1970s and 80s.
The latter trend was most evident in the Western Prairies.

POINT PMP ESTIMATION OVER NORTHERN SASKATCHEWAN

R.F. Hopkinson
Atmospheric Environment Service, Regina, Saskatchewan, S4P 3Y4

Probably Maximum Precipitation (PMP) is an important design concept for structures that, should they
fail, would cause loss of life or significant environmental damage. In recent years, several uranium
mines have been developed in northern Saskatchewan and several more are in various stages of
environmental hearings. The tailings ponds associated with these developments contain or will contain
considerable quantities of radionuclides and toxics that would cause unacceptable environmental
damage should a pond be overtopped in a heavy rainfall event.

In the past, a design storm or rule of thumb approach has been used as estimates of the small area
(i.e. point or 1.0 km?) PMP. This report provides a more rigorous approach of storm maximization and
transposition, as recommended by WMQO, to a specific site (Collins Bay, Saskatchewan) and provides
a methodology for estimating the point PMP at other locations in the northern half of Saskatchewan.
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