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XXIV CONGRES ANNUEL DE 
LA SOCIETE CANADIENNE DE METEOROLOGIE ET D'OCEANOGRAPHIE 

WELCOME/BIENVENU 

The Vancouver Island Centre of the Canadian Meteorological and Oceanographic Society (CMOS) 
is hosting the 24th annual CMOS Congress and Annual General Meeting at Royal Roads Mil­
itary College from May 28 to June 1. 1990. The theme of this year's Congress is CLIMATE 
VARIABILITY: CAUSES AND CONSEQUENCES. 

Le Centre d'lle Vancouver de la Societe canadienne de meteorologie et d'oceanographie (SCMO) 
est l'hote du 24' Conges annuel et de l'Assemblee generale annuelle a Ie College Militaire Royal 
Roads du 28 mai au 1 juin. 1990. Le theme pour cet an est LA VARIABILITE DU CLIMAT: 
CAUSES ET CONSEQUENCES. 
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Chair/Chef: T.S. Murty. Institute of Ocean Sciences. Sidney 
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M.G.G . Foreman, Institute of Ocean Sciences, Sidney 
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SUMMARY OF MEETINGS FOR CMOS '90 

COMMITTEE TIME LOCATION 

Monday May 28 

t Accreditation 0900- 1200 Castle 
Publications 0900- 1200 Room 306, Grant Block 

tCHOGUN 0900- 1200 Library 
Education in Meteorology 0900- 1200 Room 331, Grant Block 

tMembership 0900- 1200 Room 207, Grant Block 
tproCessionaiism 0900- 1200 Room 208 , Grant Block 

Scientific 0900- 1200 Room 205, Grant Block 
tCNCjSCOR 0900- 1200 Room 206, Grant Block 

Atmosphere-Ocean and 
Climatological Bulletin 
Editorial Board 1330- 1700 Room 205, Grant Block 

Mesoscale Subcommittee 1330- 1700 Room 206, Grant Block 
Agricultural and Forest 

Meteorological SIG 1330- 1700 Room 207, Grant Block 
t Air Pollution Meteorology SIG 1330- 1700 Room 208, Grant Block 
Operational Meteorology SIG 1330- 1700 Library 
Fisheries SIG 1330- 1700 Mess Decks 

tCMOS Chairs 1330- 1600 Castle 
CMOS - National Council I 1600- 1700 Castle 
CMOS - National Council " 1600- 1700 Castle 

Ice Breaker 1830- 2200 Castle Ante-Room 

Tuesday May 29 

Annual Gen~[al Meeting 2000-2400 Gymnasium 

t if necessary 
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RESUME DES REUNIONS POUR SCMO '90 

COMITE HEURE LOCAL 

Lundi Ie 28 Mai 

t Accreditation 0900-1200 Chateau 
Pu blications 0900-1200 Salle 306, Grant Block 

tCHOGUN 0900-1200 Biblioth;'que 
Education en Meteorologi. 0900-1200 Sail. 331, Grant Block 

t Situation des membres 0900-1200 Salle 207, Grant Block 
t Professionalisme 0900- 1200 Salle 208, Grant Block 
Scientifique 0900- 1200 Salle 205, Grant Block 

tCNC/SCOR 0900- 1200 Salle 206, Grant Block 

Cornite de redaction 
d'Atmosphere-Ocean et l 
Bulletin Climatologique 1330- 1700 Salle 205, Grant Block 

Sous-comite sur 
l'Echelle moyenne 1330- 1700 Salle 206, Grant Block 

GIS: Meteorologie Agricol. 
et Forestiere 1330- 1700 Salle 207, Grant Block 

t Meteorologie de la 
Poilu tion I' Air 1330- 1700 Salle 208, Grant Block 

GIS: Meteorologie d'exploitation 1330- 1700 Bibliotheque 
GIS: La p<!che 1330- 1700 Mess Decks 

t Chefs des centres 1330- 1600 Chateau 
SCMO - Conseil national I 1600- 1700 Chateau 
SCMO - Conseil national II 1600- 1700 Chateau 

Reception d 'acceuil 1830- 2200 Chateau Antt--Room 

Mardi Ie 29 Mai 

Assemblee generale- annuelle 2000- 2400 Gymnasf 

t si necessa.ire 
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TIME 

Monday May 28 
0800-2000 
0900-1700 
1500-1700 
1600-1700 
1700-1800 
1830-2200 
2000-2400 

Tuesday May 29 
0800-1700 
0900-0930 
0930-1015 
1015-1045 
1045-1215 
1215-1345 
1345-1525 

1525- 1555 
1555- 1715 

1730- 2000 
1800- 2000 

2000 

VVednesday May 30 
0800-1700 
0830-1010 

1010-1040 

CMOS '90 SCHEDULE 

EVENT 

Registration 
CommiUet' Meetings 
Poster Set-up 
CMOS Executive Meeting 
Dinner 
Ire Breaker 
CMOS Executive Meeting 

Rf'gistration 
Congress Opening 
Plenary- } 
Health Break 
Plenary-I, continued 
Lunch 
Fisheries Oceanography-l 

Plankton 
Atmospheric Chemistry 
Ice and Snow Research- l 
Turbulence and Diffusion 

in the Ocean 
Cloud Physics 
Atmosph(,lic Dynamics- l 
Health Break 
Fisheries Oceanography- 2 

Ocean-Fish Climate and 
Correlations 

Marine Chemistr.v- l 
Mesoscale Dynamics and Climate 
l("f' and ArctiC' Oceanography 
The Rimouski Eddy Experiment 
Oceanography- l and Internal Waves 
Wine and Cheese Party 
Poster Session 
Annual General Meeting 

Registration 
Fisheries Oceanography- 3 
Dispersion of Pollutants and 

Oil Slicks 
Ocean Surface Waves- l 

and Processes 
Large-Scale Ocean Circulation-J 
Ice and Snow Research- 2 
The Uppn Atmosphere 

Research Satellite Program 
Health Break 

x 

LOCATION 

Grant Block 
Conference- Rooms 
Mess Decks 
Castle Conference Room 
Dining Hall (No Host) 
Castle Wardroom 
Castle Conference Room 

Grant Block 
Gvmnasium 
Gvmnasium 
Moss Decks 
Gymnasium 
Mess Decks 

Room 331, Grant Block 
Room 306, Grant Block 
Room 206, Grant Block 

Room 205, Grant Block 
Room 208, Grant Block 
Room 207, Grant Block 
Quarter Deck, Grant Block 

Room 331, Grant Block 
Room 306, Grant Block 
Room 208 , Grant Block 
Room 206 , Grant Block 
Room 207 , Grant Block 
Room 205 , Grant Block 
M<ss Decks 
Mess Decks Lounge 
Gymnasium 

Grant Block 
Room 331 , Grant Block 

Room 206, Grant Block 

Room 207, GraDI Block 
Room 205 , Grant Block 
Room 208 , Grant Block 

Room 306, Grant Block 
Quarter Deck, Graut Block 



TIME 

1040- 1220 

1220- 1350 
1350- 1530 

1530- 1600 
1600- 1740 

1900 

1930 

Thursday May 31 
0800- 1700 
0830- 1015 
1015- 1030 
1030- 1200 
1200- 1330 
1330- 1530 

1530-1600 
1600-1740 

1800 

Friday June 1 
0830-1200 
0900-1020 

1020-1050 
1050-1230 

1230 

EVENT 

Ocean Surface- Waves- 2 
Large--Scale Ocean Circulation 2 
Th. Canadian WINDII Program- I 
\Vind Analysis and Measurement 
The Lagrangian OCf'an - J 
Ice and Waves 
Lunch 
Oceanography- 2 
Hydrology- I 
Fisheries Oceanography- 4 
Atmospbf'ric Dynarnics- 2 
Sediment Chemistry 
The Canadian WINDII Program- 2 
Health Break 
Oceanography- 3 
Atmospheric Dynamics 3 
Marine Che-mistry- 2 
Ocean Acoustics and Remote Sensing 
The Lagrangian 0('("80- 2 
Bus transportation from Royal 

Roads to Royal B.C. Museum 
Public Lecture by D.F. W. Pollard. 

Forestry Canada 

Registration 
Plenary- 2 
Health Br.ak 
Plenary- 3 
Lunch 
Hydrology - 2 
Paleoceanography 
Oceanography- 4 
Fisheries Oceanography- 5 
Atmospheric Variability 1 
Health Break 
Fisheries Oceanography- 6 
Hydrology- 3 
Oceanography- 5 
Atmospht'ric Variability- 2 
Bus transportation from Royal 

Roads to Banquet 

Registration 
Oceanography-6 
Meteorological Applications 
Health Break 
Oceanography-7 
Climate Variations 
Lunch (No Host) 

LOCATION 

Room 207, Grant Block 
Room 205. Grant Block 
Room 206. Grant. Block 
Room 208. Grant Block 
Room 331 1 Grant Block 
Room 306. Grant Block 
Mf'SS Df"cks 
Room 205, Grant Block 
Room 207. Grant Block 
Room 331, Grant Block 
Room 208, Granl Block 
Room 306, Grant Block 
Room 206, Granl Block 
Quart .. Deck, Grant Block 
Room 205, Grant Block 
Room 208. Granl Block 
Room 306, Granl Block 
Room 331, Granl Block 
Room 206, Grant Block 

Royal B.C. Mus.urn 

G ran I Bloc k 
Gymnasium 
M~ss Df'cks 
Gymnasium 
Mf'SS Df"cks 
Room 207, Granl Block 
Room 306. Granl Block 
Room 205, Grant Block 
Room 331 , Grant Block 
Room 208. Grant Block 
Quarter Deck. Granl Block 
Room 206. Granl Block 
Room 207. Granl Block 
Room 205. Granl Block 
Room 208. Grant Block 

Sooke 

Grant Block 
Room 205, Grant Block 
Room 208, Grant Block 
Quarter Deck, Grant Block 
Room 205, Grant Block 
Room 207, Grant Block 
Mess Decks 



HEURE 

Mardi I .. 28 rnai 
0800 2000 
0900- 1700 
1500- 1700 
1600- 1700 

1700- 1800 
1830 2200 
2000- 2400 

mardi Ie 29 mai 
0800- 1700 
0900 0930 
0930- 1015 
1015- 1045 
1045- 1215 
1215- 1345 
1345- 1525 

1525 1555 
1555 17)5 

1730-2000 
1800-2000 

2000 

PROGRAMME POUR SCMO '90 

EVENEMENT 

Inscription 
Riunions dt" C'ommite 
Arrangf'mt"nt dE's aflirhagt"s 
Rt-union df" commiti- exf.('utif 

d. SCMO 
Dint"f 
R;'ct"ption d'a('('~uil 

Riunion de- l"ommite. extcutif 
d. SC'MO 

Inscription 
Ovt-rturt" du congres 
S~an('t" pie-nih 1 
Paust" df' sant~t' 

SeancE' plfnie.r 1. continuf. 
Dejt"unt"l 
Oceanographi. de la pecht- I. 

planC'ton 
C'hemit' atmospheriqut" 
Il.ch.rch. d. la gla« .t 

d. la n.ig.- I 
Turbuit"nC't" ("t diffusion 

dans roC't"an 
Physique' dE's nuagt"s 
Dvnamiqu("s atmospheriqut"s- l 
PausE' dr santeE' 
OC't-anographie dt" la p~('hE'-2 

o('tan-p~('ht". climat ("t ('orrelations 
(,hemi(" ortanographit"- l 
Climat t"t la dynamiqut" dr 

I'tcheUt' moyt"nn(" 

OC'tanographit' dt"s glac;ons t"t de- rArtiqut" 
Expe.riE'n('f' du tourbiHoli de Rimouski 
Oceanographie-- l e-t vague-s intt"rnt's 
Vtns et. fromages 
Seance de's affichagf>s 
Assemblfe generale-

annueUe 

xii 

LOCAL 

Grant Block 
SaU. d. conferenc. 
M.s. Deck. 

Salle t'onferent't 
Rer.ctoire (payant) 
CastJ. Wardroom 

Sallt de conference 

Grant Block 
Gvmnast' 
Gymnase 
Mess De-cIs 
G ymnast 
Mt'ss Decks 

SaU. 331, Grant Block 
Salle 306, Grant Block 

SaU. 206, Grant Block 

SaUe 205, Grant Block 
SaU. 208, Grant Block 
Sall. 20i, Grant Block 
Quart., Deck, Grant Block 
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1030-1200 Seance pleniere-3 Gymnase 
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1330-1530 Hydrologie-2 Salle 207, Grant Block 
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Oceanographie de la ptthe- 5 Salle 33 I, Grant Block 
Variabilite atmospherique- l Salle 208, Grant Block 

1530-1600 Pause de santet" Quarter Deck, Grant Block 
1600-1740 Oceanographie de la peche- 6 Salle 206, Grant Block 

Hydrologie-3 Salle 207, Grant Block 
Oceanographie-5 Salle 205, Grant Block 
Variabilite atmospherique- 2 Salle 208, Grant Block 

1800 Transport en autobus du 
Royal Roads au banquet Sook. 

Vendredi Ie 1 juin 
0830-1200 Inscription Grant Block 
0900-1020 Oceanographie- 6 Salle 205, Grant Block 

Applications meteorologiques Salle 208, Grant Block 
1020-1050 Pause de santee Quarter Deck, Grant Block 
1050-1230 Oceanographie-7 Salle 205, Grant Block 

Variations dimatique Salle 207, Grant Block 
1230 Dejeuner payant Mess Decks 

xiv 



TUESDAY MAY 29/MARDI LE 29 MAl 

CONGRESS OPENING/OVERTURE DU CONGRES 

Gymnasium 

0900 Col. J .E.C. Naud, Commandant, Royal Roads Military Coilege, Victoria, B.C. 

0910 J .C. Davis, Director of Science, Pacific Region, Department of Fisheries and Oceans, Sidney, 
B.C. 

0920 Administrative Announcements 

PLENARY- l/SEANCE PLENIERE-l 
Gymnasium 

Chair/Chef: J.F. Garrett, Institute of Ocean Sciences. Sidney. B.C. 

0930 K.E. Trenberth, National Center for Atmospheric Research, Boulder, CO, U.S.A. 
METEOROLOGICAL ASPECTS OF CLIMATIC VARIATIONS 

1015-1045 
Health Break/Pause de santee, Mess Decks 

1045 G. Philander, Princeton University, Princeton, NJ, U.S.A. 
EL NINO, LA NINA AND THE SOUTHERN OSCILLATION 

1130 J . Steele, Woods Hole Oceanographic Institution, Woods Hole, MA, U.S.A. 
COMPARISON OF TERRESTRIAL AND MARINE ECOSYSTEMS 

1215-1345 
Luncb/Dejeuner, Me.s Decks 
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CONCURRENT SESSIONS/SEANCES SIMULTANEES 

FISHERIES OCEANOGRAPHY-I. PLANKTON 
OCEANOGRAPHIE DE LA PECHE-l. PLANCTON 

Room/Salle 331. Grant Block 

Chair/Chef: R.E. Thomson. Institute of Ocean Sciences. Sidney. B.C. 

1345 Invited Speaker: L. Legendre. Departement de Biologie, U niversit. Laval a Quebec 
THE SIGNIFICANCE OF MICROALGAL BLOOMS FOR FISHERIES AND FOR THE EXPORT OF 
PARTICULATE ORGANIC CARBON IN OCEANS 

1425 SPATIAL AND TEMPORAL VARIABILITY OF ZOOPLANKTON BIOMASS AND COMMUNITY COM­
POSITION OFF SOUTHERN VANCOUVER ISLAND 
D.L. Madcas. lnst. Ocean Sci ., Sidnr-y. B.C', 

1445 BIOLOGICAL STUDIES ON THE GEORGES BANK TIDAL FRONT: ZOOPLANKTON DISTRIBU­
TIONS AND FRONTAL DYNAMICS 
R.I. Perry. BioI. Stn., St. Andrews, N .B. 
G. Harding. K. Drinkwater, Bedford lnst. Ocean., D&rtmouth, N.S. 
M.l . Tremblay. Dep'. Fish. Oceans, Halifax Lab .. Halif"". N.S. 
C. Taggart, Dalhousie Univ., Halifax, N.S. 

1505 UNUSUALLY RAPID GROWTH OF COASTAL 0+ DUNGENESS CRAB MAY LItAD TO STRONG 
FISHERIES 
D. Armstrong, D. Gunderson, Univ. of Washington, Seattle, WA, U.S.A. 

ATMOSPHERIC CHEMISTRY 
CHEMIE ATMOSPHERIQUE 
Room/Salle 306, Grant Block 

Chair / Chef: R. Laprise. U niversite du Quebec a Montreal, Que. 

1345 HIGH ELEVATION FOG AND PRECIPITATION CHEMISTRY IN SOUTHWESTERN BRITISH 
COLUMBIA 
M.S . Kou.wi, Min. Envir., Vict.oria, B.C. 

1405 SIMULATION OF ATMOSPHERIC RADON DISTRIBUTION IN A DIURNALLY-VARYING VERSION 
OF THE GFDL "SKYHI" GENERAL CIRCULATION MODEL 
R.J. Wilson, K. Hamilton, Princeton Univ., Princeton, NJ, U.S.A. 

1425 MONITORING OF STRATOSPHERIC OZONE IN CANADA 
J .B. Kerr. Almos. Envir. Ser., Downsview, Ont.. 

1445 TRANSPORT DE SUBSTANCES EN TRACE DANS UN MODELE SPECTRAL DE LA CIRCULATION 
GENERALE DE L'ATMOSPBERE 
J. de Grandpre, R. Laprise, Univ. du Quebec a Montreal, Que. 

1505 EFFECTS OF FOLIAGE WETNESS ON THE DEPOSITION OF OZONE 
J.D. Fut'nles, T.J. Gillespie, Univ. of Guelph, Guelph, ant. 
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ICE AND SNOW RESEARCH-l 
RECHERCHE DE LA GLACE ET DE LA NEIGE-l 

Room/Salle 206. Grant Block 

Chair/Chef: V.R. Neralla. Atmospheric Environment Service. Downsview. Onto 

1345 STABILITY ENHANCEMENT OF SEA ICE IN THE GREENLAND AND LABRADOR SEAS 
R.F. Marsden, Royal Roads Mil. Coli., Victoria. B.C. 
L.A. MY5ak. McGill Uni •.. Montreal, Qu ... 
R.A. My .... D.pt. Fish. Oceans, St. John's, Nftd. 

1405 RADIATION AND ENERGY BUDGETS OF ALPINE TUNDRA, BRITISH COLUMBIA, CANADA 
I.R. Saunders. W.G. Bailey, Simon Fraser Univ .. Burnaby, B.C. 

1425 LABRADOR SEA MODELING WITH ICE COVER 
M. Ikeda, Bedford Inst. Ocean .. Dartmouth. N.S. 

1445 EVALUATION OF AN OPERATIONAL VERSION OF THE SEA ICE DYNAMICS MODEL OVER THE 
GULF OF ST. LAWRENCE DURING THE CANADIAN ATLANTIC STORMS PROGRAMME 
V.R. Neralla, Atmas. Envir. Ser., Downsview. Onto 

1505 DETERMINATION OF WET SNOW AT EDMONTON USING SURFACE WEATHER PARAMETERS 
K.J. Finstad. Weather Research House Inc., Downsview. Ont 
E.P, Lozowski. M. Bowa5s •. Univ. of AlbC'rta, Edmonton, Aha. 

TURBULENCE AND DIFFUSION IN THE OCEAN 
TURBULENCE ET DIFFUSION DANS L'OCEAN 

Room/Salle 205, Grant Block 

Chair/Chef: A.E. Gargett. Institute of Ocean Sciences. Sidney, B.C. 

1345 1S0PYCNAL AND LATERAL DIFFUSION IN A BOX OCEAN CIRCULATION MODEL 
W.A. Gough, C.A. Lin, McGill Univ., Montreal, Que. 

1405 A THERMOCLINE OCEAN MODEL FOR CLIMATIC STUDIES 
S. Zhang, C.A. Lin, McGill Univ ., Montnal, Que. 
R. Greatbatch, Memorial Univ., St. John's, Nfld. 

1425 REMOTE MEASUREMENT OF TURBULENT VELOCITY FIELDS IN THE COASTAL ENVIRONMENT 
A. Gart!;ett, Inst. Ocean Sci., Sidn~y, B.C. 

1445 UPPER OCEAN THERMAL RESPONSE TO AN AUTUMN STORM 
G.B. Crawford, Univ. of British Colwnbia, Vancouver, B.C. 
W.O. Large, Nat. C~nter Atmos. Res., Boulder, CO. U.S.A. 

1505 EVOLUTION OF FINESTRUCTURE IN A TIDAL-SHEAR FLOW 
P.S. Galbraith, Dalhousie Univ., Halifax, N .5. 

3 



CLOUD PHYSICS/PHYSIQUE DES NUAGES 
Room/Salle 208, Grant Block 

Chair/Chef: L.O. Mapanao, Atmospheric Environment Service, Downsview. Onto 

1345 CLOUD MICROPHYSICS IN CANADIAN ATLANTIC STORMS 
G.A. Isaac. Almas. Envir. Sel., Downsview, Onto 

1405 ANNUAL VARIABILITY IN HAIL DAMAGE IN SASKATCHEWAN 
A.H. Paul, Univ. of Regina, Regina, Saslc . 

1425 THE SAGA OF THE THREE-PEAK RAINDIlOP SIZE DISTRIBUTION IN TROPICAL RAIN 
R. List. G. McFarquhar, Univ. of Toronto. Toronto, Ont. 

1445 THE INFLUENCE OF SMALL SCALE RAIN RATE VARIABILITY ON RADAR HYDROLOGY 
I. Zawadzki. M. Besner. Univ. du Quebtc 8. Montr~al . Que. 

1505 ENERGY BUDGETS FOR STRATOCUMULUS CLOUDS USING CONSERVED THERMODYNAMIC 
VARIABLES 
P. Austin. Univ. of British Columbia. Vancouver, B.C' , 

ATMOSPHERIC DYNAMICS- l 
DYNAMIQUES ATMOSPHERIQUES- l 

Room/Salle 201. Grant Block 

Chair/Chef: J. Derome. McGill University, Montreal, Que. 

1345 ApPLICATION OF THE SEMI-LAGRANGIAN METHOD TO A MULTILEVEL SPECTRAL PRIMITIVE 
EQUATIONS MODEL 
H. Ritchit, Sel. dt renvir, a&-mos., Dorval. Qu~. 

1405 A THREE-DIMENSJONAL GENERALIZATION OF ELIASSEN·S BALANCED VORTEX EQUATIONS 
G. Craig, H.-R. Chot Univ. of Toronto. Toronto, Onto 

1425 FORECASTING POLAR LOWS WITH MESO-SCALE VERSIONS OF THE CANADIAN REGIONAL 
FINITE ELEMENT MODEL 
M. Roeh t R. Benoit, Ser. de I'envir. almos., Dorval, Que. 
N. Parker, Almas. Envir. Sel., Edmonton. Alta. 

1445 EXPERIMENTS ON TROPICAL STRATOSPHERIC WIND VARIATIONS IN A HIGH VERTICAL RES­
OLUTION SPECTRAL MODEL 
K. Hamilton, Li Yuan, Princeton Univ., Princeton, NJ, U.S.A. 

1505 A COMPARISON OF THE NONLINEAR INSTABILITY OF EASTERLY AND WESTERLY JETS IN A 
TWO-LAYER {3-PLANE MODEL 
S. Feld5t~in, York Univ., North York, Onto 

1525-1555 
Health Break/Pause de lantee, Quarter Deck 

.. 



FISHERIES OCEANOGRAPHY-2 
OCEAN· FISH CLIMATE AND CORRELATIONS 

OCEANOGRAPHIE DE LA PECHE-2 
OCEAN·PECHE, CLIMAT ET CORRELATIONS 

Room/Salle 331, Grant Block 

Chair/Chef: R. Beamish, Pacific Biological Station, Nanaimo, B.C. 

1555 Invited Speaker: R. Methot, Alaska Fisheries Science Center, NMFS, Seattle, WA, U.S.A. 
ENVIRONMENTAL INFLUENCES ON ASSESSMENT AND MA.NAGEMENT OF WEST COAST FISH 
POPULATIONS 

1635 CORRELATIONS BETWEEN RECRUITMENT AND ENVIRONMENTAL FACTORS MAY DEPEND ON 
THE NATURAL MORTALITY RATE USED TO REc.:ONSTRUCT FISH ABUNDA.NCES 
M.F. Lapointe, R.M. Peterman. Simon Fraser l"niv .. Burnaby, B.C. 

1655 AN EMPIRICAL SIMULATION OF LAGRANGIAN SI' RFAc' E CURRENTS: PART I - INTERANNUAL 
CHANGES IN THE NORTHEAST PACIFIC DIVERGENCE 
W.J. In~raham. Jr .. Alaslra Fish. Sci. Center. NMFS. S •• ul •. WA. U.S.A. 

MARINE CHEMISTRY- 1 
CHEMIE OCEANOGRAPHIQUE- 1 

Room/Salle 306. Grant Block 

Chair/Chef: M. Clark, Ministry of Environment, Victoria, B.C. 

1555 Invited Speaker: K.W. Bruland, University of California. Santa Cruz, CA, U.S.A. 
THE IMPORTANCE OF ORGANIC COMPLEXATION TO THE OCEANIC CHEMISTRY OP BIOAC­
TIVE TRACE METALS 

1635 ON THE REMOVAL OF DISSOLVED ALUMINUM IN SEAWATER 
S.B. Moran. R.M. Moore. Dalhousie Univ., Halifax. N.S. 

1655 METAL DISTRIBUTIONS AND TRANSPORT ON THE SCOTIAN SHELF 
P.A. Y~ats. Bedford lnst. Ocean., Dartmouth. N.S. 
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MESOSC.ALE DYN.AMICS .AND CLIM.ATE 
CLIM.AT ET L.A DYN.AMIQUE DE L'ECHELLE MOYENNE 

Room/Salle 208. Grant Block 

Chair/Chef: R. List, University of Toronto. Toronto. Onto 

1555 MESOSCALE VORTICITY DYNAMICS IN A WEAK OCEANIC CYCLONE IN ERICA 
O . Hertsman. Dalhousie Univ., Halifax. N.S. 

1615 IMPACTS OF PROJECTED GLOBAL WARMING : A RESEARCB PROPOSAL FOR TBB MACKENZIE 
BASIN 
S.J. Cohen, Atmos. Envit . Ser., Downniew, Onto 

1635 FINITE-TIME THERMODYNAMIC A). TREATMENT Of' WATER IN ATMOSPHERIC CIRCULATIONS 

G.B. Lf'sins. Dalhousie 11ni" .. H&lifax. N .~ . 

1655 A NUMERIC AL STllDY Of' ROSSBY WAVEBREAKING: WHERE AND WREN ? 
J . Fyfe , Univ . of British Columbia. V.n('ouver . BT. 

1715 RECENT ANTICY CLONIC SYSTEM S IN SOl'THEA STERN t ' SITED ~TATE5 
G .L. Plummer. Univ. of Geor,i • • Athens. G A. {' ,S. A. 

ICE .AND .ARCTIC OCE.ANOGR.APHY 
OCE.ANOGR.APHIE DE LES GLACONS ET DE L'.ARCTIQUE 

Room/ Salle 206. Grant Block 

Chair/ Chef: R.A . Lake. Institute of Ocean Sciences. Sidney. B .C . 

1555 A (' Ot1STIC RADIATION OF ICE CRA CKING SO\' ND IN THE ARCTIC OCEAN 

Y. Xie. Inst . On-an Sci., Sidney. B.C. and niv. of British Columbia. Vancouvt'r . B .C . 

1615 GREENLAND SEA ICE ANOMALIES DURING 1901 - 1984 AND TBEIR RELATION TO AN INTER­
DEC A.DAL ARCTIC CLIMATE CYC LE 
L.A . Mysak. D.h. Manak, McGill Univ ., MoniTt'al . QUf' . 
R.F . Mandtn, Royal Roads Mil. ('011 .• Victoria, B.C' . 

1635 PLl'ME LIFT- OFF l lNDER A COMPLETE SEA ICE COVER IN HUDSON BAY 
R.G. Ingram. L. Veilltux. McGill tlni\' .. Montreal. QUf'. 

1655 LARGE SCALE VARIABILITY OF ICE COVER ON MONTHLY AND SEASONAL TIME SCALES 
T . Agntw, Can. Clim, Centre. Atmos. Envir. Str., Downsview, Ont, 

1715 SOME ASPECTS OF SPRAY ICING MODELLING OF SBIPS 
E.P. LOlowski. W.P. Zakrzewski. Uni\! . of Albuta. Edmonton, Alia. 
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THE RIMOUSKI EDDY EXPERIMENT 
L'EXPERIENCE DU TOURBILLON DE RIMOUSKI 

Room/Salle 207, Grant Block 

Chair/Chef: Y. Gratton. In.titut Maurice.Lamontagne. Mont·Joli. Que. 

1555 THE RIMOUSKI EDDY EXPERIMENT 
Y. Gratton, Inst. Maurice-Lamontagne, Mont-Joll, Qu~. 

1615 PRIMARY PRODUCTION, NEW PRODUCTION AND EDDY CIRCULATION IN THE LOWER ST . 
LAWRENCE ESTUARY 
A.F . Velina, Univ . du Quibt'c a Rimouski. Que. 

1635 SPATIAL AND TEMPORAL PATTERNS IN THE VERTICAL FLUX OF PARTICULATE MATTER IN 
THE LAURENTIAN TROUGH 
N. Silverberg, Inst. Maurice-Lamontagne. Mont-Joli, Que. 

1655 SHORT-TERM VARIATIONS OF GEOCHEMICAL PROFILES IN PORE WATERS OF LAURENTIAN 
TROUGH SEDIMENTS 
G.-H. Tremblay, N. Silverberg, Inst. Mauricr-Lamontas,ne, Mont-Joli, Que. 

1715 BACTERIAL PRODUCTION IN DEEP·WATER SEDIMENTS OF THE LOWER ST. LAWRENCE 
ESTUARY DURING THE EARLY SUMMER PHYTOPLANKTON BLOOM 
S.K. Juniper, Univ. du Quebec a Rimouski, Que. 

OCEANOGRAPHY-l AND INTERNAL WAVES 
OCEANOGRAPHIE-l ET VAGUES INTERNES 

Room/Salle 205, Grant Block 

Chair/Chef: M. Stacey, Royal Roads Military College, Victoria. B.C. 

1555 OBSERVATIONS OF CURRENTS IN THE NORTHEAST PACIFIC 
H.J. Freeland, P.F. Cwnmins, lnst. Ocean Sci., Sidney, B.C. 

1615 Low FREQUENCY SUBSURFACE CURRENTS OF THE NORTHEAST PACIFIC 
D.E. Williams, Royal Roads Mil. CoiL, Victoria. B.C. aod Can. Forces Fled Sch., Halifax, N.S. 
D.P. Kraud, Royal Roads Mil. CoU .. Victoria , B.C. 

1635 THE NONLINEAR CRITICAL LAYER FOR TOPOGRAPHICALLY FORCED INTERNAL WAVES 
J.r. Scinocca, W.R. Peltier, Univ. of Toronto, Toronto, Ont.. 

1655 TRANSITION TO TURBULENCE VIA KELVIN-HELMHOLTZ AND HOLMBOE INSTABILITIES 
W.D. Smyth, W.R. Pelti~r, Univ. of Toronto, Toronto, Onto 

1115 SHELF WAVE SCATTERING BY ESTUARIES AND HEADLANDS 
T.F . Stockcr, McGill Univ ., Montrcal, Que. 
E .R. Johnson, Univ. Collese, London, England 

1730-2000 
Wine and Cheese Party/Vin. et homage., Me •• Decks 

1800-2000 
Poster Session/Seance des affichages, Me •• Decks Lounge/Salon 

2000 
Annual General Meeting/A.sembJee generale annueJle, Gymnasium/Gymnase 
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POSTER SESSION 
SEANCE DES AFFICHAGES 

Mess Decks Lounge 

1800- 2000 

1. TRIGRID - AN INTERACTIVE GRAPHICAL SOFTWARE PACKAGE FOR GENERATION AND 
EDITING OF IRREGULAR TRIANGULAR GRIDS 
R.F. Henry, Inst. Ocean Sci., Sidney, B.C. 
R.A. Walters, U.S. Geological Survey, Tacoma, WA, U.S.A. 

2. RELATIONSHIP BETWEEN INFRARED AVHRR SATELLITE AND SHIP TEMPERATURE DATA IN 
THE Gl1LF OF ST. LAWRENCE 
D. Ldaivre, Inst. Maurice-Lamontagne'. Monl-loli, Que-. 
A.R. Condal. M. Lavoie, Univ. Laval, Qu~bec, Qu~. 
V.G. Koutitonsky, INRS-Oci-anol., Rimouski, Qu~. 

3. AN UPPER LAYER MODEL FOR THE ST. LAWRENCE ESTUARY 

l.A. Stronach. SeaconsuJt Marine Research Ltd., Vancouver. B.C. 
T.S. Murty, Inst. Ocean Sci, Sidney. B.C. 
B. Tessier, lnst. Maurice-Lamontagne. Mont-loti, Qui-. 
M.l. EI-Sabh, Uni\'. du Quthec it. Rimouski. Qu~. 

4. THE INFLUENCE OF FRESH WATER FORCING ON THE LOW FREQUENCY DYNAMICS OF 

COASTAL WATERS 
J,D, Pietrzak. P,H. LeBlond, Univ, of British Colwnbia. Vancouver, B,C. 

5. LOCALLY GENERATED TSUNAMIS IN THE STRAIT OF GEORGIA 
D. Dunbar, Seaconsult Marine R~,~arch Ltd., Vancouver, B.C. 

6. NUMERICAL MODELLING AND BENTHIC BOUNDARY LAYER 
A,K. Ray, Fundamental Res. Inst" Ottawa, Onto 

7. CANADIAN FORCES WEATHER SERVICES - 50 YEARS AND GROWING 
D,W , Bancroft. Mar. Forcf!'s Pac, H,Q" Esquimalt, B.C. 
R,K. ('ross, Nat, Def. H.Q., Ottawa, Ont. 

8. OCEANIC CLIMATOLOGICAL INFORMATION FROM SPECIAL SENSOR MICROWAVE/IMAGER DATA 
A.F. Davies. LG. Rubinstf!'in. R,O. Runsf!'ier, Atmos, Envir. Ser. / Centrc Res. Earth Space Sci., 
lnst. Space Terr. Sci., North York. Ont. 
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POSTER SESSION, Continued 
SEANCE DES AFFICHAGES, Continue 

Mess Decks Lounge 

9. FIELD IN'I:ERCOMPARISON OF THREE CURRENT METERS IN AN ENVIRONMENT FREE FROM 
HIGH FREQUENCY MOTION 
P. LaJ'ouche, Inst. Maurice~Lamonta,ne, Mont-loli, Qu~. 

10. THE ROLE OF ICE PHASE PROCESSES IN CYCLONIC STORMS 
S.R. Macpherson, Univ. of British Columbia. Vancouver, B.C. 

11. THERMOHALINE STRUCTURE IN THE RIMOUSKI EDDY REGION: SUMMER OF 1989 
P. Vinet, Univ. de Quebec it Rimouski, Que. 
Y. GraUon, mit. Maurice-Lamontagne. Mont-loti. Que. 

12. VARIATIONS SPATIO-TEMPORELLES DANS L'ACTIVITE ENZYMATIQUE BACTERIENNE 
DANS LES SEDIMENTS PRO FONDS DU CBENA.L LAURENTIEN 
C. Lavigne, K. Juniper, Univ. de Quebec a Rimouski. Que. 

13. UTILISATION D'INDICES BIOCHIMIQUES DANS L'ETUDE DES INTERACTIONS BENTHO-PELA­
GIQUES, TOURBILLON DE RIMOUSKI (RIMOUSKI EDDY) 
P. Martineu, C. Lavigne, K. Juniper, A.F. Velma, Univ. de Quebec a Rimouski, Que. 

14. COMPARISON OF TWO METHODS FOR STUDYING THE STRUCTURE AND MICRO-DISTRIBUTION 
OF A GUILD OF DEEP-WATER BENTHIC POLYCHAETES IN THE LAURENTIAN TROUGH (RI­
MOUSKI EDDY) 
B. Soucy, C. Brassard, G. Desrosiers, K. Juniper, Univ. de Quebec it. Rimouam, Que. 

15. PREMIERES OBSERVATIONS PHOTOGRAPHIQUES DE LA MEGAFAUNE ET DE LA BIOTURBATION 
DANS LE CHENAL LAURENTIEN (ZONE TOURBILLON DE RIMOUSKI) 
A. Mauviel, C. Brassard, Univ. du Quebec a Rimouski, Que. 

16. MODEL SIMULATIONS OF THE DRIFT AND SPREAD OF THE EXXON- VALDEZ OIL SPILL 
S. Venkatesh, Atmas. Envn. Ser., Downsview, Onto 

17. RECENT DEVELOPMENTS IN THE CHEMICAL ANALYSIS OF MARINE TOXINS 
R. Pocklinf!;ton, Bedford Inst. Octan., Dartmouth, N.S. 
M.A. Quilliam, Atl. R.s. Lab. , Nat. Council R.s., Halifax, N.S. 



WEDNESDAY MAY 30/MERCREDI LE 30 MAl 
CONCURRENT SESSIONS/SEANCES SIMULTANEES 

FISHERIES OCEANOGRAPHY-3 
OCEANOGRAPHIE DE LA PECHE-3 

Room/Salle 331. Grant Block 

Chair/Chef: F. Boyce. National Water Research Institute. Burlington, Ont. 

0830 DOMINANCE OF BIOLOGICAL FACTORS IN DETERMINING THE ABUNDANCE AND DISTRIBU­
TION OF FISH STOCKS 
T. La~vastu. Alaska Fish. Sci. Ctnttr. NMFS, Seattle. WA. U.S.A. 

0850 THE IMPORTANCE OF OCEANOGRAPHIC CONDITIONS IN THE DYNAMICS OF THE CHUM AND 
COHO SA.LMON POPULATIONS OF A SMALL VANCOlTVER iSLAND STREA.M 

L.B. Holtby, J.e . Scrivconu. 0 .1. BlackbourD. B,C', Andersen, Pacific BioI. Stn .. Nanaimo. B.C. 

0910 THE LAKE ONTARIO SALMON FISHERY : HERE TO STAY? GONE TOMORROW? 
F. Boyc('t Nat . Water Res. Inst., Burlington, Onto 
W. Flint. Statt' Univ. of Nt'w York at Buffalo. U.S.A. 

0930 RELATIVE CONTRIBUTIONS OF INTERANNUAL CHANGE AND SEASONALITY TO VARU.TIONS 
OF REPRODUCTION IN SOME CALIFORNIA CURRENT REGION PELAGIC. MESO-PELAGJC AND 
DEMERSAL FISHES 
P.E. Smith, H.G. Most'r, Southw('st Fish. Center. NMFS, La Jolla, CA, U.S.A. 

DISPERSION OF POLLUTANTS AND OIL SLICKS 
DISPERSION DES POLLUANTS ET DEVERSEMENT D'HYDROCARBURES 

Room/Salle 206. Grant Block 

Chair/Chef: S. Venkatesh~ Atmospheric Environment Service. Downsview, Onto 

0830 PASSIVE SCALAR TRANSPORT IN ii-PLANE TURBULENCE 
P. Barttllo. Stf . dt I'envir . atmos .. Dorval . Qu~. 
G . Honoway, Inst. O('tan Sel .. Sidnty. B.C. 

0850 MODELLING THE BEHAVIOl'R OF OIL SPILLS IN ICE- INFESTED WATERS 
S. Vtnkatesh, Atmos. Envir. Str .• Downsvitw. Ont. 
H. EI-Tahan, G. Comfort. R. Abddnour. Fleet Technolog,v Ltd .• Kanata, Onto 

0910 DISPERSION OF POLLUTANTS IN THE SOUTHEASTERN SEA OF KOREA 
Chang S. Kim. Tae Sung Jung. Jong Chan Lte, S.W. nang. Korean Ocean R&tD Inst., Ansan, 
Korea 

0930 THE LOCAL METEOROLOGY OF A SEVERE AIR POLLtTTION EPISODE IN THE LOWER FRASER 
VALLEY , B.C. 
D.G. Steyn, A. Roberge. C. lauson. Univ. of British Colwnbia. Vancounr. B .C. 
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OCEAN SURFACE WAVES - l AND PROCESSES 
VAGUES- l ET PROCESSUS 
Room/Salle 207. Grant Blo<k 

Chair/Chf>f: D. Masson. InstitutE" of Orellll Srienres. Sidney. B.C. 

OSSO Invited Speaker: F. Dobson. Rt>dford Institute of Oct'snllgrsllh)', Dartmouth. N.S. 
OCEAN WAVES AND CLIMATE FORECASTING 

0010 AN EXTREMES WIND ANn WAVE CLIMATOLOGY OFF THE EAST COAST OF CANADA 
V.R. Swail. Atmos. Envir . Sf'r .. DownnifOw. Ont. 
V.J. CaJ'dOllf'. <'lcf'ftJlw«'athf'r Inc., Cos Cob. CT. (l.S.A. 
B. Eid. MSl'Lann P1RllS«'MCh Ltd .. Hlllifax. ·N.~. 

0930 A Jo'lIRTHJo:H I.Ot,)}\ AI' I'ARAMF.TFHIZArh)N t.H·' WIND-WA\'F SPECTRA 
P.C. Lin. NOAA I(;r('at l.ut'!<. Em'ir. ltt"s. 1.ah .. Ann Arhor. l\IL P.!:'.:\. 
N.E. HUAug. NASA Gndthud Spll\'C" Flitd" ('t"lItrr. l;rt't"uhl"lt. Mil. t'.S.A. 

0950 OPEN OCEAN BllHBU: S1'l.": IHSTHIBtlTIl)NS .'ROM MIILTIFRF.QlIENC'· ACOllSTIC BACKSCAT­
Tnt 
~. Va~k 11l~L Oc~au ~\'i .. Sidn~)·. iLl'. Mul llui,·. of \"il'wria. \'il'toria, B,C. 

LARGE-SCALE OCEAN CIRCULATION 1 
CIRCULATION OCEANIQUE A GRANDE ECHELLE- l 

Room/Salle 205. Grant Block 

Chair/Chef: G, Holloway. lll$titutt" of O('~all Sciell('es. Sidlley. B.C'. 

OS30 Invited Speaker: A..l . St'llItih'r. Jr.. Naval P\.)$t~raduatt" ~l·hool. Mllllh"rt"y. CA. tI .S .A. 
H.~1. Cht"n'in. Nat. Ct"ntt"T At·I1W~ , H('~ .. Bouldc'r. CO. ll.S.A. 
OCEANIC ClRC"lILAT WN "'HOM A Gl.lH\AI. .,:IlIlY-RESllL\·l!\1(; MOnn. 

(lOIO PR\.H-;RESS IN CANAnlAN \\'OCE 1'1 AX ", 

P.II. Lr-Hluud. l ~ ni,', uf Hrit.i~h l'ulumhiu. \'3Ih·llun'r. B.l' , 

0030 ON THl-' IMI'\HiTAN CJI" \H' " .. :RTll'Al, RE SlH.1' I'WN IN C.: RTAIN \H'EA~ GE~nt-\. L ClRCl'l A­

TWN P,hH)U. ~ 

.-\ . .1 \\'("a)'("r. I\h-G,l1 l ini, __ Montreul. Que . 

0050 TH .. : ASSIMII.AT ION lH' ~ io: '" s tt RI-'A C F 'l 'EMP}o: UATII Hl-' nATA INn) Nl' Ml-:Hll' AI \ll ' FAN fl,w[)n . ~ 

.-\.T . Weanr . W .W . H~idl. l lui,·. llf Hr i ti~h Columbia. \·8Ih'0l1H'r. B,C. 
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ICE AND SNOW RESEARCH- 2 
RECHERCHE DE LA GLACE ET DE LA NEIGE- 2 

Room/Salle 208. Grant Block 

Chair/Chef: D .P. Krauel, Royal Roads Military College. Victoria. B.C. 

0830 SMALL SCALE MELT PROCESSES AT THE ICE-WATER INTERFACE OF ANNUAL SEA ICE 
E. Hudier. Univ. du Quebec a Rimouski, Que. 
R.C. Ingram, McGill Univ., Montreal. Que. 

0850 FEASIBILITY OF PREDICTIN G CLIMATE CHANGE ; IMPACT ON EAST COAST ICE SEVERITY 
J: SCOPE OF PROBLEM AND EVALUATION OF IMPA CTS ON ICEBERG C ALVING RATES 
l,R. Marko. Ardic Scienc('s Ltd. , Sidney, B,C, 
D.B. Fissel. Arc tic Sciences Ltd .. Dartmouth , N.S. 
P.A. Wadhams. J.A. DowdesweJl . Uni" . of Cambridge , Cambridge, England 

0910 FEASIBI LITY OF PREDICTING CLIMATE CHANGE ; t MPACT ON EAST COA ST ICE SEVERITY 
11: PRESENT MECHANISMS AND CONTROLLING FA CTORS FOR ICEBERG TRANSPORT AND 
DETERIOf(ATION 
l .R. Marko. Arctic Sciences Ltd., Sidney, B.C . 
D.B. Fis1d . Arctic Sciences Ltd., Dartmouth. N .5. 

0930 FEASIBILITY O F PREDICTING CLIMATE CHANGE j IMPA CT ON EAST COAST ICE SEVERITY 
III : OBSTACLES TO CLIMATE CHANGE IMPACT FORECASTING AND FEASIBILITY OF SOLU­
TJQr; 

J .R . Marko. Arctic Sciences Ltd .. Sidney. B.C. 
D.B. Fissel. Arctic Sciences Ltd., Dartmouth, N.S. 
P.A . Wadhams. Univ. of Cambridge, Cambridge, England 
W.C. Thompson, Wm.C. Thompson &. Associates Ltd , Calgary, Alta. 
P.M. Kelly, Univ. of East Anslia . Norwich, England 
R.D. Br(lwn . Atmos. Envir . Ser . lao CenLre . Ottawa. Onto 

THE UPPER ATMOSPHERE RESEARCH SATELLITE PROGRAM 
PROGRAMME DES SATELLITES DE RECHERCHE DANS 

L'ATMOSPHERE SUPERIEURE 
Room/Salle 306. Grant Block 

Chair/Chef: W .F.J. Evans. Atmospheric Environment Service. Downsview, Ont o 

0830 THE UPPER ATMOSPHERE RESEARCH SATELLITE (UARS ) 
C.A. Reb ... NASA/ Goddard Space Flight Center , Greenbelt. MD, U.S.A. 
J.R. Holton. Department of Meteorology. University of Washington. Seattle, Washington, U.S.A. 

0850 THE HIGH RESOLUTION DOPPLER IMAGER 
V.J . Abreu . Univ . of Michigan, Ann Arbor , Ml. U.S.A. 

0910 THE C RY OGENIC LIMB ARRAY SPECTROMETER 
A.E . Roche . Lockh«-d Palo Alto Res. Lab., Palo Alto . CA. U.S.A. 

0930 REMOTE SENSING OF ATMOSPHER IC STRUCTURE AND COMPOSITION BY PRESSURE MOD l' ­
LATOR RADIOMETRY FROM SPACE: THE ISAMS EXPERIMENT ON U ARS 
F.W. Taylor , Oxford Univ., Oxford, England 

1010-)040 
Health Break/Pause de santee. Quarter Deck 

12 



OCEAN SURFACE WAVES- 2/VAGUES- 2 

Room/Salle 20T, Grant Block 

Chair/Chef: M.L. Khandelcar, Atmospheric Environment Service, Downlview, Ont o 

1040 AIR·SEA FLUXES BY THE DISSIPATION METHOD DURING THE OCEAN STORMS PROJECT 
B.A. Proctor, Royal Roads Mil. CoIl, Victoria, B.C. 
G.A. McBean, Univ. of British Columbia, Vancouver, B.C. 
R.F. Marsden, Royal Roads Mil. Call., Victorio, B.C. 

1100 FREQUENCY AND DIRECTIONAL EVALUATION OF THE OOGP WAVE SPECTRA AT HIBERNIA 
B.-A. Jus.ko, lusako Scientific Senices, Victoria, B.C. 
R. Graham, Def. Res. Est. AU., Dartmouth, N.S. 

1120 FETCH RELATIONS POR WIND·GENERATED WAVES AS A FUNCTION OP WIND STRESS SC AL· 
ING 
W. Perrie, B. Toulany, Bedford Inst. Ocean., Dartmouth, N .5. 

1140 EVIDENCE OF TEMPORAL CHANGES IN THE NORTH EUROPEAN SHELP WAVE CLIMATE 
M. Reistad, J. Guddal. The- NOlwecian Mdeor. lnst., Berlen, Norway 

1200 LONG-TERM WAVE VARIABILITY ALONG THE SOUTHWEST COAST OF INDIA 
N.P. Kurian, Centre for Earth Sci. Studies, Reg. Centre, Cochin, India 

LARGE-SCALE OCEAN CIRCULATION-2 
CIRCULATION OCEANIQUE A GRANDE ECBELLE-2 

Room/Salle 205, Grant Block 

Chair/Chef: L.A. Mysak, McGill University, Montreal, Que. 

1040 Invited Speaker: P. Malanotte-Rizzoli, Massachusetts Institute of Technology, Cambri<lg. , 
MA, U.S.A. 
DATA ASSIMILATION IN OCEANOGRAPHY 

1120 UNPREJUDICED OCEAN CIRCULATION 
G. Holloway, Inst. Ocean Sci., Sidney, B.C. 

1140 NPAL, AN UPPER-OCEAN MODEL OF THE NORTH PACIFIC: MODEL DESIGN AND INn IJ.L 
EXPERIMENTS 
J. Cherniawsky. G. Holloway, Inst. Ocean Sci., Sidney, B.C. 

13 



THE CANADIAN WINDU PROGRAM-l 
LE PROGRAMME CANADIEN WINDU- l 

Room/Salle 208, Grant Block 

Chair/Chef: B.L. Wetter, Canadian Space Agency, Ottawa, Onto 

1040 WIND IMAGING INTERFEROMETER (WINDll) FOR THE UPPER ATMOSPHERE SATELLITE 
MISSION 
G.G. Shepherd, York Univ ., North York, Onto 

1100 MEASURING THE MESOPAUSE TEMPERATURE WITH WINDII 
R.P. Lowe, K.L. Gilbert, Univ. of Western Ontario, London, Ont. 

1120 OXYGEN IN THE MIDDLE ATMOSPHERE 
E.J. Llewellyn. Univ. of Saskat.chewan. Saskatoon. Sask. 

1140 THE WINDII INSTRUMENT AND ITS CALIBRATION 
W.A. Gault, York Uni •. , North York, On1. 

WIND ANALYSIS AND MEASUREMENT 
ANALYSE ET ME SURE DES VENTS 

Room/Salle 208, Grant Block 

Chair/Chef: S..l. Cohen, Atmospheric Environment Service, Down8view, Onto 

1040 SATELLITE MEASUREMENT OF SURFACE WINDS IN TBE NORTBEASTERN PACIFIC 
N. BeppIe, P. Austin, Univ. of British Columbia, Vancounr, B.C. 

1100 MULTIPLE WINDBREAKS: AN AEOLIAN ENSEMBLE 
K.J. McAneney, M.J. Judd, Min. Agric. Fish., Kerikeri, New Zealand 

1120 A PRELIMINARY STUDY OF ORGANIZED MOTION IN WINDBREAK FLOW 
Y. Zhuang. J. Wilson, Univ. of Alberta, Edmonton, Alt.a. 

1140 WIND PROFILER NETWORKS - THE NEXT MAJOR ADVANCE IN OBSERVING THE UPPER 
WINDS 
E. Hudson, Unisys Corp., Great Neck. NY, U.S.A. 
J. Steranka, General Sciences Corp., Laurd, MD, U.S.A. 



THE LAGRANGIAN OCEAN- l 
L'OCEAN LAGRANGIEN-l 
Room/Salle 831, Grant Blou 

Chair/Chef: C.R. Murthy, National Water Research Institute, Burlington, Onto 

1040 CURRENTS AND HORIZONTAL DIFFUSION ON GEORGES BANK AS MEASURED BY DRIFTING 
BUOYS 
K. Drinkwater, J. Loder. F. Palc, Bedford Inst. Ocean., Dartmouth, N.S. 

1100 ANALYSIS OF DEEp·DROGUED SATELLITE-TRACKED DRIFTER MEASUREMENTS IN THE 
NORTHEAST PACIFIC 
R.E. Thomson. Inst. Ocean Sci., Sidney, B.C. 
P. LeBlond, Univ. of British Columbia, Vancounr. B.C. 
W. Emery, Uni", of Colorado, CO, U.S.A. 

1120 ESTIMATION OF EDDY-DIFFUSIVITIES, INTEGRAL LENGTH AND TIME SCALES FROM FRACTAL 
OCEANIC DRIFTER TRAJECTORIES 
B. Sanderson, Memorial Univ. of Newfoundland, St. JOM's, Nfld. 

1140 PARTICLE DISPERSION DUE TO TIDAL FLOW OVER TOPOGRAPHY 
K.R. Thompson, Y. Shen. Dalhousie Univ., Halifax, N.S. 

1200 THE FLOW OF A COASTAL CURRENT PAST A BLUNT HEADLAND 
H.J. Freeland, Inst. Ocean Sci., Sidney, B.C. 

ICE AND WAVES/GLACE ET VAGUES 
Room/Salle 306, Grant Block 

Chair/Chef: D.J. Schwab, NOAA Great Lakes Environmental Research Lab., 
Ann Arbor. MI, U.S.A. 

1040 AIRBORNE SAR OBSERVATIONS OF WAVES IN ICE DURING LIMEX '89 
P. W. Vachon, Can. Centre Remote Sensing. Ottawa, Ont. 
A.S. Bhagal, Intera Technologies Ltd .• Ottawa, Onto 

1100 WAVE-INDUCED DRIFT FORCE ON ICE FLOES 
D. Masson, Inst. Ocean Sci., Sidney. B.C. 

1120 FIELD DATA COLLECTION PROGRAMS AND THEIR IMPORTANCE TO SHIP ICING MODELLING 
W.P. Zakrzewski, E.P. Lozowski. Univ. of Alberta, Edmonton, Aha. 

1140 Floating Ice SIG Working Group Meeting 
L. Lewis. D. Topham. lnst. Ocean Sci., Sidney, B.C. 

1220- 1350 
Luncb/D.\jeuner, Mess Deus 
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OCEANOGRAPHY-2/0CEANOGRAPHIE-2 

Room/Salle 205, Grant Block 

Chair/Chef: J.A. Stronach, Seaconsult Marine Research Ltd., Vancouver, B.C. 

1350 PREDICTION OF CURRENTS IN THE WATERS OF NORTHERN BRITISH COLUMBIA 
W.R. Crawford, K.S. Lee, Inst. Ocean Sci., Sidney, B.C. 

1410 A THREE-DIMENSIONAL MODEL, GF8 FOR THE GEORGIA-FUCA SYSTEM 
l.A . Stronach, Scaconsult Marine Research Ltd. , Vancouver , B.C. 
T .S. Murty, wi. Ocean Sci., Sidney, B.C. 

1430 ANALYSIS OF LONG-TERM SEALEVEL RECORDS FROM THE GEORGIA-FUCA-PUGET SOUND 
SYSTEM 
D. Dunbar. Scaconsu..lt Marine Research Ltd .. Vancouvu. B.C. 

1450 Is THE LEEUWIN CURRENT DRIVEN BY PACIFIC HEATING AND WINDS? 
A.J . Weaver. McGill Univ .• Montreal, Que. 
J.S . Godfrey, CSIRO Div . Ocean., Hobart, Tasmania, Australia 

1510 CENTRIFUGAL UPWELLING OF COLD SALINE WATER AT THE ENDS OF LONG CAUSEWAYS 
IN THE SHALLOW BEAUFORT SEA 
P. Greisman, Soliton Services, Vancouver, B.C. 

HYDROLOGY- l/HYDROLOGIE- l 

Room/Salle 207, Grant Block 

Chair/Chef: R.G. Lawford, Environment Canada, Saskatoon, Sask. 

1350 Invited Speaker: V. Klemes, International Association of Hydrological Sciences, c/o 
Centre for Earth and Ocean Research , University of Victoria, Victoria, B.C. 
HYDROLOGY IN THE CONTEXT OF CLIMATIC CHANGE 

1430 SOME ASPECTS OF MODELLED SOIL MOIST RE FOR THE MONITORING OF DROUGHT/FLOODS 
IN THE CANADIAN PRAIRIES 
L .O . Mapanao, Atmos. En'Vir . Ser ., Downsview, Onto 

1450 A COMPARISON OF OPERATIONAL ESTIMATES OF OPEN -WATER EVAPORATION, AND 1990-
91 FIELD STUDY PLANS 
G.S. Strong. Nat. Hydrol. R~s . Ccntr~. Saskatoon, Sask., 
G.Z. Feng, Northwest. AsricultUI'al Univ., Yangling. Shaanxi, China 

1510 RECENT DROUGHTS IN SOUTHWESTERN MANITOBA: A MOISTURE DEFICIT ANALYSIS 
R.A . McGinn, Brandon Univ., Brandon, Man. 
B.T . Tollon, Univ . of Toronto, Toronto, Onto 
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FISHERIES OCEANOGRAPHY-4 
OCEANOGRAPHIE DE LA PECHE-4 

Room/Salle 331, Grant Bloek 

Chair/Chef: K.L. Denman, Institute of Ocean Sciences, Sidney, B.C. 

1350 THE PROBABILITY DISTRIBUTION FOR THE ABUNDANCE OF FISH, AND ITS PATTERN IN 
SPACE 
G. Evans, S. Akenhead, J. Rice. Dept. Fish. Oceans, Nfld. Region, St. John's, N8d. 

1410 CODAR REMOTE SENSING OF OCEAN CURRENTS OFF VANCOUVER ISLAND IN THE 1988 
MASS PROGRAM 
D. Hodgins, Seaconsult Marine Research Ltd., Vancouver, B.C. 

1430 INTERANNUAL VARIABILITY OF SATELLITE-DERIVED SURFACE PIGMENT CONCENTRATION 
IN THE CALIFORNIA CURRENT 
P.T. Strub, C. James. A.C. Thomas, Oregon State Univ., Corvallis, OR, U.S.A. 

1450 TIME SCALES OF PATTERN EVOLUTION FROM CROSS-SPECTRUM ANALYSIS OF AVHRR 
AND CZCS IMAGERY 
K.L. Denman. Inst. Ocean Sci., Sidney, B.C. 
M.R. Abbot!. Oregon State Univ., Corvallis. OR. U.S.A. 

1510 RELATIONSHIPS BETWEEN WATER MASSES AND GROUNDFISH DISTRIBUTIONS ON THE SCO­
TIAN SHELF: AN INVESTIGATION OF INTERANNUAL VARIABILITY 
R.I. Perry, R.J. Losier, Biological Stn., St. Andrews, N.B. 

ATMOSPHERIC DYNAMICS-2 
DYNAMIQUES ATMOSPHERIQUES-2 

Room/Salle 208, Grant Block 

Chair I Chef: J. Cote, Service de l'environnement atmospherique, Dorval, Que. 

1350 THE HAMILTONIAN STRUCTURE OF GEOPHYSICAL FLUID DYNAMICS 
T.G. Shepherd, Univ. of Toronto, Toronto, Onto 

1410 IMPROVING THE EFFICIENCY OF A FINITE-ELEMENT REGIONAL MODEL BY THE USE OF A 
TWO-TIME- LEVEL PSEUDO-STAGGERED SEMI-LAGRANGIAN SCHEME 
S. Gravel, J. Cote, A. Staniforth, Sel'. de l'envir. atmos., Dorval, Qui. 

1430 A SEMI-IMPLICIT SEMI-LAGRANGIAN FULLY COMPRESSIBLE MODEL 
M. Tanguay, Ser. de I'envir. atmos., Dorval, Qui. 
A. Robert, R. Laprise. Univ. du Quebec a Montreal, Que. 

1450 UN MODELE COLONNE DES ONDES iNTERNES DANS L'ATMOSPHERE 
K. Bouayad, R. Laprise. mv. du Quebec a Montreal, Que. 

1510 RECENT PROGRESS IN THE DEVELOPMENT OF A VARIABLE-RESOLUTION GLOBAL MODEL 
J. Cote, A. Staniforth, Su. de l'envir. atmos., Dorval, Que. 
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SEDIMENT CHEMISTRY /CHEMIE DES SEDIMENTS 
Room/Salle 306, Grant Block 

Chair/Chef: S.E. Calvert. University of British Columbia, Vancouver, B.C. 

1350 MODELLING pH'GRADIENTS NEAR O,· H,S INTERFAC ES IN SEDIMENTS 
B.P. Boudreau. Dalhousie Univ " Halifax, N.S. 

1410 EVALUATING THE UTILITY OF COMPLEX DIAGENETIC MODELS: THE SILICA/OPAL SYSTEMS 
AS AN EXAMPLE 

B.P. Boudreau. Dalhousie Univ ., Halifax, N.S. 

1430 CONTAMINANT METAL ACCUMULATION IN SEDIMENTS OF HALIFAX HARBOUR AND IMPLI­
CATIONS FOR F lITURE REMOBILlZATION 
D.E . Buckley, Atl. Geosd. CenUe, Dept. Energy. Mines Res. , Darmouth., N.S. 
B .D. Petrie. J .N. Smith. P.A. Yeats. Bedford Inst. Ocean., Dartmouth. N.S. 

THE CANADIAN WINDn PROGRAM- 2 
LE PROGRAMME CANADIEN WINDn- 2 

Room/Salle 206. Grant Block 

Chair/Chef: G.G. Shepherd, York University, North York, Onto 

1350 DERIVATION OF WINDIJ GEOPHYSICAL PARAMETERS 
B. Solheim. York Univ .. North York, Ont. 

1410 MONJTORIN G EFFECTS OF AURORAL OVAL ENERGY INPUT ON GLOBAL WIND PATTERNS 
WITH WINDIJ 
R.L. Gattinger. Herzberg Inst. Astrophysics, Nat. Res. Council, Ottawa, Ont. 
L.L. Cogger. Univ. of Calsary, Calgary, Alta. 

1430 VALIDATION AND GROUND TRUTHING OR WINDII/UARS 
W.F.J. Evans. York Univ., North York, Ont. 
R .P. Low~, Univ. of Western Ontario, London, Ont. 

1450 MEASUREMENTS OF POLLUTION IN THE TROPOSPHERE (MOPITT) 
l .R. Drummond. Univ . of Toronto, Toronto, Ont o 
J.C. McConn.n. York Univ., Norlh York, Onl. 
G,P, Brasseur. J ,C . Gille, Nat. Center Atmas. Res., Boulder, CO, U.S.A. 

1510 CHEMISTRY AND DYNAMICS OF THE TROPOSPHERE 
J .C . McConndl. G. Klaassen, York Univ., North York, Ont. 
H.-R. Cha, l .R . Drwnmond, Univ. of Toronto. Toronto, Ont . 

1530-1600 
Health Break/Pause de santee, Quarter Deck 

18 



OCEANOGRAPHY -3/0CEANOGRAPHIE-3 
Room/Salle 205, Grant Block 

Chair/Chef: H.J. Freeland, Institute of Ocean Sciences, Sidney, B.C. 

1600 EXPERIMENTS WITH A THERMOCLINE MODEL FOR THE NORTH PACIFIC 
M.G .G. For~man. lnst. Ocean Sci., Sidney, B.C. 
A.F. Bennett, Oregon St.ate Univ., Corvallis, OR, U.S.A. 

1620 ON THE MODELLING OF THE NORTH ATLANTIC INTERANNUAL VARIABILITV USING COADS 
FOR THE PERIOD 1950- 79 
R. Michaud, C.A. Lin, McGill Dniy" Montreal, Que. 

1640 THE GEORGES BANK FRONTAL STUDY 
K. Drinkwater, E. Horne, J. Loder, N. Oakey, Bedford inst. Ocean., Dartmouth, N.S. 

1700 PARKSVILLE BAY - AN INVESTIGATION OF EROSION 
B.J. Holden, Min. Envu .• Victoria. B.C. 

ATMOSPHERIC DYNAMICS- 3 
DYNAMIQUES ATMOSPHERIQUES- 3 

Room/Salle 208. Grant Block 

Chair/Chef: G.J. Boer, Atmospheric Environment Service. Down.view. ODt. 

1600 A CONVENIENT VERTICAL COORDINATE SYSTEM FOR INTEGRATING THE EULER EQUATIONS 
B. Dugas, R. Laprise, Univ. du Qu~bec a Montr~al. Qu~. 

1620 VERTICAL WAVE PROPAGATION IN THE GFDL "SKYHI" MODEL 
K. Hamilton, Princelon Univ., Princdon. NJ, U.S.A. 

1640 THE DISTRIBUTION OF THE TIME SINCE (TILL) SURFACE CONTACT FOR A FLUID ELEMENT 
OBSERVED (RELEASED) IN THE CONVECTIVE BOUNDARY-LAYER 
J.D. Wilson, G.E. Swaters, Uniy. oC Alberta, Edmonton, Alta. 

1700 SOME ASPECTS OF EDDY-INDUCED MEAN MERIDIONAL CIRCULATIONS IN THE ATMOSPHERE 
T.G. Shepherd, Univ. of Toronto. Toronto. Onl. 

1720 DEVELOPMENT EQUATIONS FOR HYDROSTATIC METEOROLOGICAL SYSTEMS OF ALL SCALES 
P. Zwack, M. DesI.lne, Univ. du Quebec a Montreal, Que. 
P. Smith, Purdue Univ., West Lafayette, IN, U.S.A . 
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MARINE CHEMISTRY-2 
CHEMIE OCEANOGRAPHIQUE-2 

Room/Salle 306, Grant Block 

Chair/Chef: P.A. Yeats, Bedford Institute of Oceanography, Dartmouth, N.S. 

1600 DISSOLVED INDIUM IN SEAWATER - AN ANALOGUE FOR ALUMINUM AND GALLIUM 
K.J. Orians, Univ. of British Columbia, Vancouver, B.C. 

1620 MEROMICTIC LAKES IN BRITISH COLUMBIA 
K.A. Perry, T.F. Pedersen, Univ. of British Columbia, Vancouver, B.C. 

1640 GEOCHEMICAL BEHAVIOUR OF A BURIED MARINE MINE TAILINGS DEPOSIT, HOWE SOUND, 
BRITISH COLUMBIA 
K. Drysdale, Univ. of Briti5h Columbia, Vancouver, B.C', 

OCEAN ACOUSTICS AND REMOTE SENSING 
ACOUSTIQUE OCEANIQUE ET TELEDETECTION 

Room/Salle 331, Grant Block 

Chair/Chef: S.R. Waddell, Royal Roads Military College, Victoria, B.C. 

1600 REMOTE MONITORING OF THERMAL STRUCTURE AND GROWTH OF LABRADOR SHELF ICE 
I. Peterson, S.D. Smith. S. Prinsenberg. Bedford lnst. Ocean., Dartmouth, N.S. 
R.H. Orton, MetOccan Data Systems, Dartmouth, N .5. 

1620 ASSIMILATION OF SATELLITE SENSED WAVE DATA INTO AN OPERATIONAL WAVE PREDIC­
TION MODEL - AN EVALUATION BASED ON SELECTED CANADIAN ATLANTIC STORMS 
R. Lalbeharry, M.L. Khandekar, Atmos. Envir. Sel., Downsview, Ont. 

1640 THE HORIZONTAL INTERPOLATION OF SOUND SPEED USING DENSITY SURFACES 
K.L. Jones, S.R. Waddell, Royal Roads Mil. ColI., Victoria, B.C. 

1700 THE SOUND FIELD DISTURBANCE CAUSED BY A MEDITERRANEAN SALT LENS 
S.J. Newton, S.R. WaddeD, Royal Roads Mil. CoIl., Vidoria, B.C. 

1720 ACOUSTIC PROPAGATION AND ITS ANGLE-OF-ARRIVAL DISTRIBUTION IN A TURBULENT 
BOUNDARY LAYER 
D. Diiorio, In,t. Ocean Sci., Sidney, B.C. and Univ. of Victoria, Victoria, B.C. 
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THE LAGRANGIAN OCEAN-2 
L'OCEAN LAGRANGIEN-2 
Room/Salle 206, Grant Block 

Chair/Chef: W.R. Crawford. Institute of Ocean Sciences. Sidney, B.C. 

1600 COMPUTERIZED RADAR TRACKING OF SURFACE DRIFTERS IN BARKLEY SOUND 
J.R. Buckley, Royal Roads Mil. Coil., Victoria, B.C. 

1620 LAGRANGIAN DRIFTER TRACKS IN A WIND-DRIVEN BAROTROPIC MODEL OF QUEEN CHAR­
LOTTE SOUND AND HECATE STRAIT 
C.G. Hannah. P.R. LeBlond. Univ. of British Columbia. Vancouver , B.C. 
W.P. BudgeU. W.R. Crawford, Inst. Ocean Sci., Sidney, B.C. 

1640 COMPARISON OF MODELED AND OBSERVED DRIFTER TRAJECTORIES IN WESTERN LAKE 
ERIE 
D.J . Schwab, G.S. Miller, NOAA Great Lakes Envir. Res. Lab., Ann Arbor, MI, U.S.A. 
C.R. Murthy, K. Miners, Nat. Water Res. Inst., BUl'lin&ton, Onto 

1700 PARTICLE DRIFT IN THE SURFACE LAYER OFF SOUTHWEST NOVA SCOTIA: EVALUATION 
OF A MODEL 
P.C. Smith, Bedford Inst. Ocean., Dartmouth , N.S . 
F.H. Page, Dalhousie Uni • . , Halifax, N.S . 

1900 
Bus transportation from Royal Roads to Royal B.C. Museum 

Transport en autobus du Royal Roads au Mus .... royal 
de la Colombie Britannique 

PUBLIC LECTURE/LECTURE PUBLIQUE 
Newcombe Theatre, Royal British Columbia Museum 

Theatre Newcombe, Musee royal de Ia Colombie Britannique 
Victoria. B.C. 

1930 D.F.W. Pollard, Forestry Canada, Pacific Forestry Centre, Victoria, British Columbia 
CLIMATE CHANGE: CAN THE FOREST SECTOR RESPOND? 
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THURSDAY MAY 31/JEUDI LE 31 MAl 

PLENARY-2/SEANCE PLENIERE-2 
Gymnasium 

Chair/Chef: P.H. LeBlond, University of British Columbia, Vancouver, B.C. 

0830 J.C. Schaake, National Weather Service, Offi« of Hydrology, Silver Spring, MD, U.S.A. 
MACROSCALE HYDROLOGICAL MODELS 

0915 R.G. Fairbanks, Lamont·Doherty Geophysical Observatory of Columbia University, Pal· 
isades, NY, U.S.A. 
INFLUENCE OF GLACIAL MELTING RATES ON OCEAN CIRCULA.TION AND ATMOSPHERIC 
CHEMISTRY OVER THE PAST 17,000 YEARS 

1015-1030 
Health Break/Pause de santee. Mess Decks 

PLENARY-3/SEANCE PLENIERE-3 
Gymnasium 

Chair/Chef: M.I. EI·Sabh, Universite du Quebec a Rimou.ki, Que. 

1030 W.R. Peltier, University of Toronto, Toronto, Ontario 
GLOBAL SEA LEVEL RISE: AN OCEANOGRAPHIC INDICATOR OF GLOBAL CHANGE 

1115 R.J. R«d, University of Washington, Seattle, WA, U.S.A. 
RECENT ADVANCES IN UNDERSTANDING AND PREDICTION OP OCEAN STORMS 

1200- 1330 
Lunch/Dejeuner. Mess Decks 
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CONCURRENT SESSIONS/SEANCES SIMULTANEES 

HYDROLOGY- 2/HYDROLOGIE-2 
Room/Salle 207, Grant Block 

Chair/Chef: G. Kite, Atmospheric Environment Service, Saskatoon, Sask. 

1330 ANALYSIS OF LONG-TERM RIVERFLOW DATA IN ONTARIO 
H. Goertl. Inland Waters Dil. , Envn. Canada. Guelph, Ont. 

1350 FEATURES OF A RUNOFF INDEX COMPARED TO MONTHLY STREAMFLOW AT SELECTED 
BASINS 
L.O. Mapanao, Atmos. Envir. Set., Downsview. Ont. 

1410 AN ASSESSMENT OF THE RECORD OF PRECIPITATION AT OCEAN STATION "PAPA» (1953-
1981) 
J.1. Knox, Atmas. Envn. SCt" Downsview. Dnt. 

1430 THE USE OF HYDROGRAPH PARTIAL DURATION FREQUENCY TECHNIQUES TO IDENTIFY 
FLOOD GENERATING CLIMATOLOGICAL EVENTS 
R.A. McGinn. Brandon Univ., Brandon. Man. 
A.C . Giles , Atmos. Envir. Set., Edmonton. Alta . 

1450 FLOOD OF SEPTEMBER 198 6 IN THE WATERSHEDS OF LODGE , BATTLE AND LYONS 
CREEKS , SOUTHWEST SASKATCHEWAN 
L. Adrian, Envu. Canada, Regina. Sask. 

1510 EFFECT OF LAND SURFACE TREATMENT ON GCM CLIMATE SIMULATIONS 
D. Verseghy, Atmas. Envir. Set., Downview, Ont. 

PALEOCEANOGRAPHY /PALEOCEANOGAPHIE 
Room/Salle 306, Grant Block 

Chair/Chef: T .F. Pedersen. University of British Columbia, Vancouver. B.C. 

1330 LATE QUATERNARY HISTORY OF HYDROGRAPHY, OXYGEN DEPLETION AND ORGANIC CAR­
BON ACCUMULATION ON THE OMAN MARGIN 
T.F. Pedersen, R. Zahn, Univ . of British Columbia, Vancouver, B.C. 
G.B. Shimmield, Uni •. of Edinburgh. Edinburgh, Scotland 

1350 DEGLACIAL OCEAN CO2-OUTGASSING: DOES IT LIMIT HIGH-RESOLUTION 14C- AMS DAT­
ING OF THE LAST GLAC1AL~INTERGLACIAL TRANSITION? 
R. Zahn, Univ. of British Colwnbia, Vancouver, B.C. 
L.D. Labeyrie, Lab. FaibJes Radioact., CNRS, GiI-Sw·Ynu.e, France 

1410 NEW PALEOCLIMATE INDICATORS IN REEF-BUILDING CORALS 
G.T. Shen, Uni •. of Washington, Seattle, WA, U.S.A. 

1430 SEDIMENTARY GEOCHEMISTRY OF THE LATE PLEISTOCENE AND HOLOCENE SEDIMENTS OF 
THE BLACK SEA 
S.E. Calvert, Univ. of British Colwnbia, Vancouver, B.C. 
R. Karlin, uwv. of Nevada, Reno, NV, U.S.A. 



OCEANOGRAPHY-4/0CEANOGRAPHIE- 4 
Room/Salle 205, Grant Block 

Chair/Chef: W.J. Rapatz, Institute of Ocean Sciences. Sidney, B.C. 

1330 SOME PECULIARITIES OF TSUNAMI RECURRENCE IN THE NORTHWEST PACIFIC 
A.I. lvllUhchtnko, lnst . Mar. Gwl. Geophys., Yuzhno-Sa1chalinsk. U.S .S.R. 

1350 INVESTIGATION OF INFRAGRAVITY WAVES ON THE SOUTHWESTERN SHELF OF KAMCHATKA 
P.D. Kovalev, In,t. Marine Geology and Geophysics, yu.hno-Sakhalin,k. U.S.S.R. 
G.V. She.chenko, U.S.S .R. 
A.B. Rabinovich, lnst . Marine Geology and Geophysics, Yushno-Sakh&lliuk. U.S.S.R. 

1410 TIDAL MODULATION OF DEEP WATER REPLACEMENT IN THE STRAIT OF GEORGIA 
H. Ma, P. LeBlond, S. Pond, Univ. of British Columbia. Vancouver, B.C. 

1430 PROPAGATION OF COASTAL TRAPPED WAVES UNDER AN ICE COVER IN THE HUDSON BAY 
T . Reynaud. R.G . Ingram. McGill Univ ., Montreal , Que . 

1450 COASTAL UPWELLING OFF THE WEST COAST OF VANCOUVER ISLAND 
I. Jardine. P. LeBlond, Univ. of British Columbia, Vancouver. B.C. 

1510 SEICHES IN THE KURIL BAYS : NUMERICAL CALCULATION BY RT' ALGOR ITHM AND OBSER­
VATIONS 
A.S. Leviant . U.S.S.R. 
A.B. Rabinovich, B.1. Rabinovich, lnst. Mar. Geol. Geophys., Yushno-Sakhalimk, U.S.S.R. 

FISHERIES OCEANOGRAPHY- 5/0CEANOGRAPHIE DE LA PECHE-5 
Room/Salle 331, Grant Block 

Chair/Chef: G.S. Jamieson, Pacific Biological Station. Nanaimo, B.C. 

1330 THE INTERTIDAL: PHYSICAL AND BIOLOGICAL INFLUENCES ON SPECIES COMPOSITION I 
ABUNDAN CE AND RECRUITMENT PATTERNS 
C .S. Jamieson, D . Noabs. Pacific Biol. Stn., Nanaimo. B.C. 

1350 A POSSIBLE EDDY RETENTION MECHANISM FOR ICHTHYOPLANKTON IN HECATE STRAIT 
W.R. Crawford, Inst. Ocean Sci., Sidn~y. B. C: . 
A.V. Tyl~r. Pacific BioI. Stn., Nanaimo, B.C'. 
R.E. Thomson, lnst . Oc~an Sci., Sidnt>y. B.C. 

1410 THE DISTRIBUTION OF COMMERCIAL TROLL FISHING VESSELS OFF SOUTHWEST VANCOU­
VER ISLAND IN RELATION TO FISHING SlICCESS AND OCEANIC WATER PROPERTIES AND 
CIRCULATION 
R.E. Thomson, lnst. Ocean Sci., Sidnt>y, B.C' . 
M. Healey, J. Morris, Pacific BioI. Stn .. Nanaimo. B.C. 
C . Bontad, G.A. Borstad AssociaL~s Ltd., Sidn~y, B.C . 

1430 CLIMATE, PREDATORS AND PREY: BEHAVIOUR OF A LINKED OSCILLATING SYSTEM 
n.M. Ware, Pacific BioI. StD., Nanaimo. B.C. 

1450 ANALYZING CORRELATIONS BETWEEN MARINE SURVIVAL TRENDS IN NORTHEAST PACIFIC 
SALMON STOC KS AND ENVIRONMENTAL VARIABLES 
R.D. Drodew and R.C. Francis, Univ. of Washington. Seattle, WA. U.S.A. 

1510 SEASONAL VARIATION IN EXPERIMENTALLY DERIVED GRAZING RATES OF THE MARINE 
COPEPODS , Ca.lantL.! pacificU3 AND Mctf'idia. pacifica 
K. Burns, Royal Roads Mil . Coll. , Victoria, B.C. 
L.A. Hobson. Univ. of Victoria , Victoria. B.C . 

24 



ATMO SPHERlC VARlABILITY- l 
VARlABILITE ATMOSPHERlQUE-l 

Room/Salle 208, Grant Block 

Chair/Chef: G.A. McBean. University of British Columbia. Vancouver. B.C. 

1330 CLIMATE CHANGE DUE TO INCREASED CO, SIMULATED WITH THE eee GeM 
G,J. Boer, Atmas. Envir. S~r., Downsview. Onto 

1350 A SKEPTICAL LOOK AT THE RECENTLY'PROPOSED SUN-QBO-WEATHER CONNECTION 
K. Hamilton, Princeton Vniv .. Princeton, NJ, U.S.A. 

1410 OBSERVED AND SIMULATED INTRASEASONAL ENERGETIC'S 
S.l . Lambert. Can. Cum. Cent.. Downsview, Onl. 

1430 EFFECT OF ANNUAL VARIATION IN GROWING SEASON RAINFALL ON TREE GROWTH ON THE 
EAST COAST OF VANCOUVER ISLAND 
D.L. Spittlehouse. B.C. Fores. Sel ., Min. Forests. ViC'toria. B.C . 

1450 A COMPARISON OF THE METEOROLOGICAL CONDITIONS DURING THE DROUGHT OF THE 
1930's AND THE 1980's FOR THE PRAIRIE PROVINCES 
T.-A. Lang, K. Jones. Atmas. Envir . Ser., Regina. Sask . 

1530- 1600 
Health Break/Pause de santee. Quarter Deck 
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FISHERIES OCEANOGRAPHY-6 
OCEANOGRAPIDE DE LA PECHE-6 

Room/Salle 206, Grant Block 

Chair/Chef: D.L. Mackas, Institute of Ocean Sciences, Sidney, B.C. 

1600 THE EFFECT OF TURBULENCE ON CHEMOSENSORY PERCEPTION USING THE LOW REYNOLDS 
NUMBER FEEDING CURRENT OF CALAN OID COPEPODS 
B. Sanderson, Memorial Univ. of Newfoundland, St. John 's, Nfld. 

1620 POPULATION GENETICS AND SPATIAL HETEROGENEITY IN THE NORTH PACIFIC KRILL 
Euphtuuia pacifica: A PRELIMINARY ASSESSMENT 
C. Blanton, L.A. Hobson, Uniy. of Victoria, Victoria , B.C. 

1640 SEAS ONAL VARIATION IN THE CAROTENOID PIGMENT CONTENT AND COMPOSITION IN 
Euphaullia paci/lca 
V.A. Funk. L.A . Hobson, Univ . of Victoria , Victoria, s.c. 

1100 INTERANNUAL VARIABILITY OF OCEANOG RAPHI C CONDITIONS AND SPATIAL DISTRIBUTIONS 
OF DUNGENESS CRAB (Cancer magi1Jter) IN TH E PACIFIC NORTHWEST 
R.L. Hobbs, Univ. of California at Davis, CA, U.S.A. 
A.C. Thomas, Oregon State Univ ., Corvallis, OR, U.S.A. 
L.W. Botsford. Univ. of California at Davis, CA, U.S.A. 

1720 OCEANOGRAPHIC FACTORS AFFECTING THE CATCHABILITY OF PACIFIC OCEAN PERCH 
(Seba$te$ alutu$) 
B. Scott, Univ. of British Columbia, Vancouver, B.C. 

HYDROLOGY- 3/HYDROLOGIE- 3 
Room/Salle 207. Grant Block 

Chair/Chef: S.T. Wong. Simon Fraser University, Burnaby. B.C. 

1600 INTERANNUAL VAR1AB1LITY OF PREC1PITATION IN WESTERN CANADA 
R.G. Lawford, G.S. Lawrence, Envir. Canada, Saskatoon, Saslc.. 

1620 ANALYSIS OF SELECTEO HYDROMETEOROLOGICAL TIME SERIES 
G. Kite, Atmos. Envir. Ser., Saskatoon, Sask. 

1640 COMPARISON AND ANALYSIS OF DIFFERENCES BETWEEN THE CONCEPTUAL AND DIS~ 
TRIBUTED RAINFALL-RUNOFF MODELS 
E. Mekis, B.E. Goodison, Atmos. Envir. Ser., Downsview. Onto 

1700 DETERMINING THE REGIONAL HYDROLOGIC RESPONSE TO GLOBAL CLIMATE CHANGE: THE 
CASE OF BRITISH COLUMBIA 
G. Thomas, Univ. of British Columbia, Vancouver. B.C. 
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OCEANOGRAPHY-5/0CEANOGRAPHIE- 5 

Room/Salle 205, Grant Block 

Chair/Chef: J.F.R. Gower. Institute of Ocean Sciences, Sidney, B.C. 

1600 TIDE REMOVAL FROM SHIP-MOllNTED ACOUSTIC DOPPLER MEASUREMENTS 
M.G.C. Foreman, H,J. Freeland. lost. Ocean Sci., Sidney, B.C. 

1620 COMPARISON OF A NUMERICAL MODEL OF BURRARD INLET AND INDIAN ARM TO OBSER­
VATIONS OF SALINITY AND VELOCITY 
A.N. Cameron, M.W , Stacey, Royal Roads Mil . Coll .• Victoria, B.C. 

1640 COMPARISON OF SHIP AND GEOSAT ALTIMETER OBSERVATIONS OF SEA-SURFACE HEIGHT 
ANOMALIES IN THE NORTHEAST PACIFIC 
J.F.R. Gower, S. Tabata. Inst. Ocean Sci .. Sidney, B.C, 

1700 SEASONAL VARIABILITY OF OCEAN FEATURES AT THE ENTRANCE TO J UAN DE F VCA 
STRAIT 
R.M. Zellerer, D.P. Krauel. Royal Roads Mil. CoIl., Victoria. B.C. 
R.E. Thomson. lnst. Ocean Sci., Sidney. B.C', 

1720 NONLINEAR STABILITY OF FLOW OVER TOPOGRAPHY 
J . Zou, W.W. Hseih. Univ . of British Columbia. Vancounr. B.C. 
G . Holloway, lost. Ocean Sci .• Sidney. B.C. 

ATMOSPHERIC VARIABILITY- 2 

VARIABILITE ATMOSPHERIQUE- 2 

Room/Salle 208, Grant Block 

Chair/Chef: J.L. Knox. Atmospheric Environment Service. Downsview .. Onto 

1600 SHORT-PERIOD CLIMATE FLUCTUATIONS IN THE FAR EAST REGION OF THE If .s.S .R. AND 
SEA SURFACE TEMPERATURE VARIATIONS IN THE KUROSHIO AR.EA 
O.N. Likhach~va, A.B. Rabinovich. lost. Maxin~ GeoI. Geophy .. Far East Div .. Yuzhno­
Sakhalinsk 

1620 TEMPORAL AND SPATIAL VARIABILITY OF THE TROPICAL RADIATION BUDGET FROM EARTH 
RADIATION BUDGET SATELLITE MEASUREMENTS 
T .Y. Chang, R. Davi~s. McGill Univ .• Montreal, Que . 

1640 ON THE MEAN MERIDIONAL TRANSPORT OF ENERGY IN THE ATMOSPHERE AND OCEANS 
R. Michaud. J. Derome, McGill Univ .. Montreal, Que. 

1700 THE BIG CHILL - AN INTENSE ARCTIC OUTBREAK IN SOUTHWESTERN BRITISH COLUMBIA 
P.L. Jackson. Univ. of British Columbia. Vancouver. B.C. 

1720 AN OBSERVATIONAL STUDY OF INTERACTIONS BETWEEN TRANSIENT EDDIES AND PERSIS-
TENT CIRCliLATION ANOMALIES 
B. Dugas, J. Derome. McGill Uruv., Montreal, Que. 

1800 
Bus transportation from Royal Roads to Banquet 

Transport en autobus du Royal Roads au banquet 
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FRIDAY JUNE l/VENDREDI LE 1 JUIN 

CONCURRENT SESSIONS/SEANCES SIMULTANEES 

OCEANOGRAPHY -6/0CEANOGRAPHIE-6 
Room/Salle 205. Grant Block 

Chair/Chef: M.G.G. Foreman, Institute of Ocean Sciences. Sidney, B.C. 

0900 TIDAL CURRENTS IN A TWO-LAYERED STRATIFIED SEA WITH AN EXAMPLE FROM THE 
NORTH SEA 
F.B. Pedersen, K. Bolding, Univ. of British Columbia, Vancouver, B.C. 

0920 CAN A TWO-DIMENSIONAL VORTICITY CASCADE EXPLAIN THE DISTRIBUTION OF LENGTH 
SCALES SEEN IN LANGMUIR CELLS? 
L. Zedd. lnst. Ocean Sci., Sidney, B.C. and Univ. of British Columbia. Vancouver. B.C. 
D. Farmer, lnst. Ocean Sci., Sidney, B.C. 

0940 ON THE EFFECT OF A BOTTOM BOUNDARY ON THE STABILITY OF A SALT-WEDGE, WITH 
APPLICATION TO ESTUARY-OCEAN MIXING 

N. Yonemitsu, N. Rajarathnam, G.E. Swaters, Univ. of Alberta, Edmonton. Alta. 

1000 PROGRESS TOWARDS A LONG TIME-SCALE, DENSITY-STRATIFIED SHELF CIRCULATION 
MODEL 
R.J. Greatbatch, A. Goulding, Memorial Univ. of N~wfoundland, St. John's, Nfid. 

METEOROLOGICAL APPLICATIONS 
APPLICATIONS METEOROLOGIQUES 

Room/Salle 208. Grant Block 

Chair/Chef: M.B. Danard. Atmospheric Dynamics Corp .• Victoria, B.C. 

0900 CURRENT PROCEDURES FOR TESTING THE HOMOGENEITY OF TEMPERATURE DATASETS 
FOR STATIONS IN THE CCC ARCHIVES 
P.J.F. Sajecki, Atmos. Envir. S~r., Downsvi~w, Onto 

0920 ON THE APPLICATION OF MICROCOMPUTERS TO THE ANALYSIS OF CLIMATE DATA BASES. 

PART 1: THE DETERMINATION OF USER REQUIREMENTS 
A. Stuart. W~ath~r Research House Inc., Downsvi~w, Onto 

0940 ON THE APPLICATION OF MICROCOMPUTERS TO THE ANALYSIS OF CLIMATE DATA BASES. 
PART 2: THE DEVELOPMENT OF THE WEATHER INFORMATION DISPLAY SYSTEM 
A. Stuart, Weath~r Research House Inc., Downsview, Ont. 

1000 RADAR A POLARISATION CIRCULAIRE: UNE AMELIORATION DE LA METHODE DE CORREC­
TION DES EFFETS DE PROPAGATION 
E. Torlaschi, Univ. du Queb~c a Montreal, Que. 

1020-1050 
Health Break/Pause de santee, Quarter Deck 
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SIG HYDROLOGY /HYDROLOGIE GIS 

Room/Salle 208, Grant Block 

Chair/Chef: R.G. Lawford, Environment Canada, Saskatoon, Sask. 

0900 Special Interest Group Hydrology Meeting 

OCEANOGRAPHY -7 /OCEANOGRAPHIE-7 

Room/Salle 205, Grant Block 

Chair/Chef: J.R. Buckley, Royal Roads Military College, Victoria, B.C. 

1050 NUMERICAL TIDAL MODELLING STUDIES IN NORTHUMBERLAND STRAIT. CANADIAN EAST 
COAST 
M.R. Talbotton, C.S. Mihelcic, Triton Consultants Ltd., Vancounr. B.C. 

1110 HEAT BUDGET FOR THE SCOTIAN SHELF: IMPLICATIONS FOR PREDICTION 
J.U. Umoh, K.R. Thompson, Dalhousie Univ., Halifax, N.S. 

1130 CIRCULATION OF THE NORTHEAST PACIFIC OCEAN INFERRED FROM TEMPERATURE AND 
SALINITY DATA 
R.J. Mat-ear, G. McBean. W.W. Hsieh, Univ. of British Columbia. B.C. 

1150 VARIATIONS IN SURFACE LAYER MIXING EFFICIENCY ACROSS UPWELLED FRONTS 
R.K. Dewey, J.N. Moum, Oregon State UniY' 1 OR, U.S.A. 

1210 SEASONAL VARIATIONS IN CONCEPTION BAY. NEWFOUNDLAND 
B. DeYoung. Memorial Univ., St. lohn's, Nfld. 

CLIMATE VARIATIONS/VARIATIONS CLIMATIQUE 

Room/Salle 207, Grant Block 

Chair/Chef: D.G. Steyn, University of British Columbia, Vancouver, B.C. 

1050 MARINE CYCLONES AND GREENHOUSE WARMING: ANOTHER LOOK 
O. Hertzman, Dalhousie Univ., H&lifax, N.S. 

1110 COMPENSATION OF SURFACE-FLUX ERRORS IN WEATHER/CLIMATE MODELS 
J.D. Wilson. Urnv. of Alberta, Edmonton, Alta. 

1130 SIMULATION OF WATER AND KINETIC ENERGY BUDGETS OF CUMULUS CLOUDS 
G.W. Reuter. McGill Univ., Montreal, Que. 

1150 TEMPERATURE TRENDS IN CANADA 
P. Kertland, Atmas. Envu. Sel., Downsview, Ont. 

1210 MANIFESTATIONS OF THE EL NINO SOUTHERN OSCILLATION IN SOUTHEASTERN Aus-
TRALIAN WATERS 
W.W. Hsieh, Univ. of British Columbia, Vancouver, B.C. 
D.V. HamoD, Carin&bah, New South Wales, Australia 

1230 
Lunch (No Host)/DejeuDer payant, Mess Declr.. 

?'Q 



ABSTRACTS/RESUMES 



PLENARY-l/SEANCE PLENIERE-l 

Meteorological Aspects of Climate Variations 
K.E. Trenberth, National Center for Atmospheric Research, Boulder, Colorado. U.S.A. 

Because of man '5 activities leading to increased greenhouse gases in the atmosphere future climate 
change is deemed certain; indeed the climate system is not in eqnilibrium. But major questions 
remain concerning what form the climate changes will take and how rapidly they will occur. 
The 1988 North American drought evoked considerable publicity over whether it .. as caused 
by the greenhouse effect. Yet droughts are a nalural phenomenon and have been documented 
throughout history. Nevertheless, their incidence and/or inlensily may be influenced by climale 
change. When we examine recent temperature changes for possible "'global warming", we find 
considerable spatial structure with largest warming over Alaska from 1977- 86 but cooling over 
the North Pacific. Both are linked to circulation changes and a stronger Aleutian low pressure 
system in winter advecting warmer and moister air along the west coast of North America and 
into Alaska but colder air over Ihe North Pacific. These changes appear to be linked 10 events 
in the tropics and the incidence of El Nmos. Better understanding of these processes is essential 
if we are to detect the greenhouse gas-induced climate change. 

EI Nino, La Nina and the Southern Oscillation 
G. Philander, Geophysical Fluid Dynamics Laborat.ory, Princeton University. Princeton, New Jersey, 
U.S.A 

The Southern Oseillation, an irregular interannual fluctuation between warm, wet El Nino and 
cold, dry La Nina condilions has its largest amplitud. in Ih. Iropical Pacific Ocean and influence. 
meteorological conditions globally. From an oceanic point of view the- changes in sea surface 
temperature patterns, from El Nino to La Nina, are caused by changes in the surface winds 
that drive the ocean. From a meteorological point of vieow the wind variations are part of th~ 
atmospheric response to the changing sea surface temperature patterns. This circular argument 
suggests that interactions between the- ocean and atmosphere are at the heart of the matter. 
Stability analyses of these interactions in simple coupled models indicate that a broad spectrum 
of unstable ocean-atmospheric modes exists. The observed Southern Oscillation corresponds to 
th' mode with the most rapid growth rate. Coupled General Circulation Models of the ocean 
and atmosphere succeed in capturing such a mode and reproduce a realistic Southern Oscillation. 
Seasonal variations in the solar radiation that the earth receives also excite ont' of th~ unstable 
ocean-atmosphere modes. This explains the remarkable similarity between the seasonal cycle in 
the tropics and the Southern Oscillation. Models for the prediction of EI Nino have to take the 
seasonal cycle into account. 

Comparison of Marine and Terrestrial Systems 
J. Stt'eie, Woods Hole Oceanographic Institution, Woods Hole. Massachusetts, U.S.A. 

An understanding of the interactions of physical, chemical, and biological factors on the land, 
in the sea, and in the air is a practical soc:it'taJ necessity. Unfortunately, the possible nature 
and direction of biological changes are the most difficult aspect 10 predici and to relale to Ibe 
other physical and chemical processes. Moreover, ecologists have treated terrestrial and marine 
environments separah·ly. The organization of research, its funding, and the logistics of specific 
research programs exacerbates this dichotomy. 

Should ecological Iheory and praclice allempl to achi.v. a common basis in Ihe oceans and 
on land? I argue Ihat we must address Ihe questions of generalisalions capable of crossing Ibe 
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land-tOosea boundary. In<!eed, present changes at global and regioDai level. require that we must 
integrate the effects of these changes and especially their relevance to va.rious societal, economic, 
and political questions. 

FISHERIES OCEANOGRAPHY- I. PLANKTON 

OCEANOGRAPHIE DE LA PECHE- I. PLANCTON 

The Significance of Microalgal Blooms for FiBheries and for the Export of Particulate 
Organic Carbon in Oceans 
L. L~gendre, D~parttm~nt de Biologie. Unive-nile. Laval a Qu~btc, Qu~bt(, 

Mifroalgal blooms ale rapid in(,reases in biomass. raused by lo('ally enhanced primary produc­
tion and rtsulting in abnormally high Cf'lI ('onct"nhations. HydrodynamiraJ processes may control 
blooms through the agtncy of irradianct or nutrients. In tht" o('tans, phytoplankton blooms gov~ 

f'rnt'd by irradianct' in dude tht" spring outburst. as well as the ice-edge. under-ift'o winter and 
upwelling blooms. Those goverot"d by nutrit>nts com prist> tht> tidal. sumn}t>r. episodic and excep­
tional blooms. In addition, therE' 6r(' blooms of i('E' microaJgaE' . Blooms rfOft('C't low recycling, and 
a largE' dE'grf'e of uncoupling bE'twE't>n in('rt>ased primary production and grazing by zoopJank­
ton. As a consequen('f', thf'Y oftf'n result in high sedimentation of intact cells and faecal pellets. 
Microalgal blooms provid. uniqu. informalion on Ih. poltnlial fal. (and nol on Ih. rate) of 
primary production in marine ecos.Ystt>ms. Thf'Y havE' major E'f('ects on benthic and pelagic food 
w.bs, and a .. an tssenlial condition for Ih. gr.at fish"i .. of t.mp.,at ... as (Cushing, 1989). On 
thf' other hand, blooming systt'ms have a high pott'ntial for exporting particulate organic maUer 
from Ih •• uphotic lay." and Ihus provid. uniqu. information for th. sludy of global fluxes of 
carbon in tht> marint' environmt'nt. 

Spatial aud Temporal Variability of Zooplankton Bioma.s and 
ConlnUluity Composition off Southern Vancouver Island 
D.L. Madc.fts . Institute of Ocean Sciences, Biological S<"iences Branch. Sidn('~, British Columbia 

A tivt"-),f'ar timt> sf'rit>s ( 1987 89) of zooplankton abllndanct" t'shmatt"$ ha.."> be-en collected from 
the' contint'ntal marp;:in off southt'C1I Vancouver Island as pari of th(' La PE-rouse ProjE'C't study of 
se'asonal and int t ranl\ual variahility. Typical sampling dt"nsity is 5-6 tlltU' periods pt"r year, and 
10 14 locations (selectt"d from a standard list) per time period. 

Although th~ evtntua) goal of the La PE-roust' Project is t.o undt'rstand interannual variability, 
an t"ssentlal first ~tep is desC'tiption of thE' "averagt"" seasonal ('ycIe and its spatial variability 
within the' study area. A vt'ragt" zooplankton dryweight biomass ranges from a mid-winter low of 
about 1 ~ 111 :! to an t.arly summer high of about j g m - :!. 

Both th(" st"&sonal and spatial variations of zooplankton rommunity rompostion are closely 
associated with the rirculation pattern. "Warm water" taxa endE'mir to tht' Oregon and California 
('oast are most abundant in wintt"r following the fall transition to southE'astE'rly mean winds. ThE' 
Cfoss-short gradient in community compostion is concentrated along the sht>lf-break and atross 
Ih. sh.lf-break current. 

Biological Studies on the Georges Bank Tidal Front: Zooplankton Distributions 
and Frontal Dynamics 
R.l. Perry, Biological Station, St, Andrews, N~w Brun.wick 
G. Hardin" K. Drinkwater, Bedford Institut~ of Oceanography, Dartmouth, Nova Scotia, 
M.J. Tn-mblay, D~partment of FishE'ries and Oceans, Halifax Laboratory, Halifax, Nova Scotia 
C. Taggart, Departm~nt. of Oceanography, Dalhousif' University. Halifu. Nova Scotia 
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This study examines the role of tbe Georges Bank tidal front on tbe distributions of looplankton 
at the northern edge of the Ban~. Our objective was to investigate tbe interaction of zooplankton 
with the dynamic physical processes at the front. In particular, we as .... whether cross-frontal 
convergent forces accumulate zooplankton at the front, and whether tbe front acts as a boundary 
or is transparent to the on-oft' Bank transport of various species of zooplankton and fish larvae. 

Results of three surveys (July, August, October 1988) are presented. Zooplankton distribu­
tions can be classified into three basic patterns: species predominantly in the well mixed water 
on the Bank; species oft' the Bank in deep water below the tbermocbne; and species which oc­
curred on both sides of the front. The eft'ect of species-specific behavioural patterns interacting 
with the frontal dynamics to maintain such distributions will be discussed using current meter 
and drifter data from a concurrent physical oceanographic study of the frontal region. 

Unusually Rapid Growth of Coastal 0+ Dungeness Crab may Lead to Strong Fisheries 
D. Armstrong, D. Gunderson, School of Fishuies WH-IO. University of Washinsl.on, Seattle, Washincton, 
U.S.A . 

Since 1983 we have studied population dynamics of juvenile Dungeness crab Cancer magister 
along the southern Washington coast and in adjacent estuaries. Six of the worst fishing years on 
record occurred between 1980 and 1987 (3-4 x106 1b), but the third strongest year (> 16x 1061b) 
occurred in 1988 and can be traced to the 1984 year class (YC). Estuarine production of 1+ 
juveniles has been relatively constant during these years and varies only about two times, while 
coastal production has varied by over 14 times. In spring of 1984, '85 and '86, the estimated 
coastal 1 + populations were 6.4, 29.0 and 2.0 x 106 crab, respectively. Tbe strength of the 1984 
YC (1 + in 1985) may be t raced to more rapid growth the previous summer along the coast 
than is typical in most years. By September of the 0+ year (settlement in May-June), mean 
carapace widths of the 1983, '84 and '85 YCs along the coast were about 12, 25 and 14 mm, 
respectively. Attainment of substantially larger si.e by the end of summer may have protected 
the 1984 YC from continued, high predation that usually decimates a coastal YC by the foUowing 
spring. Thus coastal fisheries of low or moderate yield may be largely based on relatively stable 
estuarine production of juveniles, but the very large fisheries peaks that characterize Dungeness 
crab could result from auspicious coastal conditions that, in this case, led to accelerated growth 
of the 0+ age class in 1984. 

ATMOSPHERIC CHEMISTRY 

CHEMIE ATMOSPHERIQUE 

High Elevation Fog and Precipitation Chemistry in Southwestern British Columbia 
M.S . Kotturi. Environmenta1 Protection Division, Ministry of Environment, Victoria, British Columbia 

A preliminary fog chemistry program was conducted from January to March 1988 with passive 
collectors at elevations of 780 metres and 970 metres in southwestern British Columbia. The pH 
of the samples ranged from 3.63 to 4.98; the samples containing high sea salt content had pH 
values ranging from 5.25 to 7.26. 

In 1989, a twelve month fog chemistry program was in operation at the same two sites. 
Precipitation samples were collected weekly near the lower fog monitoring site. Concentrations 
of anions - sulphate, nitrate, and chloride were significantly h gher in fogwater than in precip­
itation. The mean anion concentration in fogwater at 970 metres was 189.8 ± 186.2 ,.eq/L and 
at 780 metres was 221.9 ± 215.9 ,.eq/L. The mean anion concentration in precipitation samples 
was 57.6 ± 18.3 ,.eq/ L. As noted by others, the variation of liquid water content seems to be 
the leading mechanism for the anion concentrat.ion changes in fog and precipitation with low 
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to moderate levels of pollution. A summary of available fog and precipitation chemistry and 
meteorological data is presented with discussion. 

Simulation of Atmospheric Radon Distribution in a Diurnally-Varying Version of 
the GFDL "SKYBI" General Circulation Model 
R.J, Wilson and K. Hamilton, Geophysical Fluid Dynamics Laboratory/NOAA, Princeton University, 
Princeton, New Jersey, U.S.A. 

A version of GFDL's 40-level troposphere-stratosphere-mesosphere general circulation model has 
been constructed that allows heat capacity in thr .. soil layers. This model has been run witb a 
diurnal cycle of radiation. A number of separate integrations have been performed wilb difFer­
ent formulations of the subgrid-scale transports between adjacent model atmospheric levels and 
between thE" lowest atmospheriC' level and the ground. A passive tracer meant to simulate atmo­
spherie radon has also been included in the simulations. The vertical profile of the model Iracer 
for each experiment can be compared with typical observations. This aids in evaluating the ad­
equacy of thf' subgrid-scale mixing parameterizations. In this presentation the radon simulations 
and a number of other results related to the diurnal cycle will be discussed. 

Monitoring of Stratospheric Ozone in Canada 
J.B. Kerr, Atmospheric Environment Service, Downsview, Ontario 

The goal of the Global Ozone Observing System is to detect changes in atmospheric olone 
which may result from anthropogenic activity. The Canadian network, which is part of Ibe Global 
System, has been upgraded during the 1980's by the Atmospheric Environment Service as a result 
of evidence indicating that depletion of stratospheric ozone is, in fact, occurring. Improvements to 
the network include expansion from five to seven stations and the installation of fully automated 
Brtwer ozone spectrophotometers. Operation and calibration of the olone monitoring Detwork 
art discussed and results of measurements at some of the stations are presented. 

Transport de Substances en Trace dans un Modele Spectral de 
la Circulation Generale de I' Atmosphere 
J. de Grandprr. R. Laprise, Departement de Physique, Universite du Quebec a Montreal, Queb« 

Des tests ont f.te. effectues avec Ie modele de circulation generale (MCG) canadien stin d'etudier 
divtrs schemas numeriques de transport de substances en trace. Les eWets sur Ies simulations 
de- corrections arbitraires frequemment employees dans ce domaine pour palier a certaines pro­
prietes non desiret"s des schemas numeriques sont etudies. CeUe etude est nne etape preliminaire 
s'inscrivant dans un effort a long terme visant 1a modelisation d'eiements photochimiques dans 
les MeG. 

Effects of Foliage Wetness on the Deposition of Ozone 
J.D. Fuentes, T.J. Gillespie, Department of L&nd Resource Science, University of Guelph, Guelph, 
Ontario 

The effect of surface wetness on 5nrfact sink strengths of gaseous pollutants is largely unknown 
even though dew Or intercepted raindrops may he present over large areas for many hours during 
long-range transport of pollutants. Experiments were conducted to understand the mechanisms 
governing the uptake of gaseous pollutants by vegetation, including the role of stomatal be­
haviour. A gas exchange system was developed for measuring tbe uplake of gaseous pollntants 
by whole leaves. Leaves of hypostomatons and amphistomatous plant species were exposed to 
known concentration of ozone (03 ) unde-r controlled environments. Two different surface wetness 
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situations were studied: a film of distilled water similar to dew, and larger droplets which .. ere 
placed on the adaxial surface of leaves to simulate raindrops. Initial results of O. fluxes to indi­
vidual leaves indicate that leaf surface wetness substantially enhances the deposition of 0.. This 
observation is contrary to expectation, for 08 is known to be quite insoluble in water. However, 
based on separate measurements of stomatal resistance to water vapour diffusion (I ... ) taken on 
the abaxial leaf surface, the marked increase in O. uptake appears to be controUed by stomatal 
behaviour. The In measure'm~nts showed decreases in stomatal resistancf' shortly after water was 
sprayed on the adaxial surface of l,aves. Our results suggest that dew or rainfall outdoors may 
be major meteorological factors affecting deposition of gaseous poUutants to vegetated surfaces. 

ICE/SNOW RESEARCH- l 

RECHERCHE DE LA GLACE ET DE LA NEIGE-l 

Stability Enhancement of Sea Ice in the Greenland and Labrador Seas 
R.F. Marsden, Department of Physics, Royal Roads Military College, Victoria, British Columbia 
L.A. Mysak, Department of Meteorology, McGill Uninrsity, Montreal, Quebec 
R.A . Myers, Department of Fisheries and Oceans. St. John's. Newfoundland 

Malmberg (1969) proposed that during the late 1960s anomalously low surface (upper 200 m) 
salinities in the Iceland Seas could increase the stability of the water column sufficiently to 
prevent deep convection. The increased stability would then enhance the formation of sea ice 
during winter in this region because even at the freezing point (-1.8°C), the surface water density 
is sufficiently low to prevent mixing .... ith the water below. Hence, only a small portion of the 
water column need be cooled before freeling can occur and ice formation is enhanced. Here 
we explore this concept further by examining hydrographic data from three locations bordering 
Greenland and Iceland and then compare these with co-located sea ice concentrations. For th~ 
period 1953- 1980, it is shown that the lag correlations between surfae. salinity and sea it. 
anomalies show a common structure for the case where salinity anomalies lead sea ice anomalies. 
It is shown that this correlation structure can be reproduced by a simple statistical feedback 
model using a non-stationary negative feedback coefficient to account for salinity forcing of iet> 
anomalies. The data presented are all tonsistent with the concept of stability enhancement of 
sea ice formation. 

Radiation and Energy Budgets of Alpine Tundra, British Columbia. Canada 
I.R. Saunders, W .C . Bailey, Department of Geography, Simon Fraser Univt:rsity, Burnaby, British 
Columbia 

Addressing the paucity of detailed knowledge of high mountain climatology, hourly and daily 
radiation and energy budget measurtments were made at an alpine tundra site in the Cascade 
Mountains, southern British Columbia. Seasonal radiation regimes were strongly affected by the 
presence or absence of snow covel. Tht' ephemerality of the thin, windblown snowpack in winter 
and early spring generated significant variability in the daily albedo, with consequences for other 
components of the radiation budget. In summer, the albedo was generaUy stable at about 0.11, 
and radiation budget variability was then largely controUed by cloud cover . 

Energy budgets displayed a range of responses to the ambient surfac. and atmospheric con­
ditions. In winter I sensible and latent heat exchanges wt're conservative, reflecting the general 
low-energy character of the season. In summer \ convec.tiv~ energy hanfers were strongly gOY. 
emed by moisture availability, and in the absence of precipitation the tundra surface dessicated 
quickly. The range of mean daily Bowen ratios was 0.10 to 2.41, with a mean of 0.95 . The con­
trols affecting the evaporative water efftUI were examined with respect to tbe surface resistance 
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considerations embodied by the Penman-Monteith combination model, the equilibrium approach 
of Priestley and Taylor, and the decoupJing ~oefficient of McNaughton and Jarvis. 

Labrador Sea Modeling with Ice Cover 
M. Ikeda. Bedford Institute of Oceanography, Dartmouth, Nova Scotia 

Southward advanct" of sea ice along Labrador is an indicator of cold climate. The sea ice can in 
turn affect weather and climate, and sometimes interferes with human activity. The southward 
extent of sea ice is controlled thermodynamically by thE' cold atmosphere associated with out­
breaks from continents as well as dynamically by direct wind forcing and ocean currents. The 
ocean currents flow along fronts between cold fresh shelf water and warm salty offshore water I 
and are often regulated by the continental shelf break. Mechanisms to drive the ocean currents 
include basin-scale wind stress cur) and buoyancy flux due to fresh water from the Arctic. In 
addition to these mechanisms, local alongshore wind stress induces coastal currents. 

Southward advance takes place with a seasonal time scale and also differs from year to year. 
Over the Labrador Shelf, sea ice at least south of 55' is primarily advected from the north and 
melts on warmer water. Interannual variability of the ice extent is mostly attributable t.o air 
temperature, with secondary contribution from a wind stress. These two results suggest that, in 
colder winters, the atmosphere cools water more and reduces ice melting. 

A six-level ocean model is coupled with Hibler's sea ice model to examine oceanic roles in 
seasonal ice advance off the east coast of the continent. The model has the straight coast to the 
west and the step-like shelf break, along with three open boundaries to the north, east and south. 
With dynamics simplified by a cross-shore geostrophic balance, the model describes processes 
such as wind-driven and buoyancy-driven flows, overturning, and planetary Rossby, topographic 
Rossby and internal Kelvin waves. Nonlinear (advection-diffusion) equations for temperature 
and salinity are solved for heat and salt balances. The model is driven by idealized forcing; 
for example, alongshore wind stress, inflow through the northern boundary and parameterized 
cooling. 

Several individual physical mechanisms are examined by the model: when cooling is applied, 
convective overturning transfers oceanic heat stored in the lower ocean to the surface layer and 
tends to reduce ice formation. An intense inflow over the shelf break through the northern 
boundary tends to merge shoreward, constraining the cold and fresh shelf water over the shelf. 
This shoreward flow has a significant baroclinic component that is supported by interactions 
between an alongshore density gradient, which is maintained by upwelling due to the shoreward 
flow. and the shelf break. The shoreward flow brings significant heat to the shelf region, canceling 
negative heat flux due to a southward flow over the shelf. Ice cover is insensitive to northerly 
wind stresses, which contribute southward ice advection (and southward ocean currents also) and 
r«:>dure ire formation by shoreward Ekman flow carrying the warm offshore water. 

Evaluation of an Operational Version of the Sea Ice Dynamics Model over 
the Gulf of St. Lawrence during the Canadian Atlantic Storms Programme 
V.R. Neralla, Atmospheric Environment Service, Downsview. Ontario 

The Atmospheric Environment Service developed a regional scale sea ice motion model for ob­
taining short range, real time forecasts of ice conditions for operational use. The components of 
the model are the momentum balance, ice thickness redistribution, ice strength and constitutive 
law. The moment.um equation describes the balance between air to ict' stress, water to ice stress, 
Coriolls force, tilting force arising from varying sea surface height and forces due to internal 
ice stress. The ice thickness distribution accounts for changes in the compactness of different 
categories of ice due to mechanical and thermodynamic forcing. The ice strength is calculated in 
terms of ice distribution. The constitutive law relates internal ice stress to the strain rate and 
other material parameters. In addition to the other stresses in the momentum equation, internal 
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ice stress is modelled using a viscous-plastic rheology. The momentum equation is solved using 
a predictor-corrector technique in a finite difl'erel\ce Eulerian reference frame. 

An operational version of the sea ice motion model is evaluated using compactness data 
over the Gulf of St. Lawrence area for a few selected cases from the Canadian Atlantic Storms 
Programme (CASP) conducted during January-March 1986. The evaluation is severely restricted 
due to the unavailability of observed data on ice drift and water currents. Model simulations are 
obtained using a grid distance of 42.33 km and a time step of I hr. Preliminary results suggest 
that the model is useful for operational ice forecasting work. 

Determination of Wet Snow at Edmonton using Surface Weather Parameters 
K.J. Finstad. Weather Research House, Downsview, Ontario 
E.P. LOlowski. M. Bourassa, MeteorololY Division. Univerlity of Alberta, Edmonton. Alberta 

The paper describes the derivation of a method for identifying wet snow at Edmonton using only 
the surface weather parameters. The difficulty is to identify upper air conditions which lead to 
melting, even when the surface temperature is below freezing. 

The method, which is based on theoretical considerations, as well as empirical studies of 
thirty years of surface and upper air data from Edmonton Stony Plain, is as foDows: 

There is a 100% chance of wet snow at the surface when the following surface conditions 
are met (RH is the surface relative humidity in percent, and T is the surface temperature in 
degrees C): 

T>O 

RH ~ 100 - 12.24T 

There is a 50% chance of wet snow at the surface when: 

- 1.5 ~ T ~ I 

RH < 100 - 12.24T 

RH ~ 90.1 - 5.3T 

There is a 0% chance of wet snow when: 

RH < 90.1 - 5.3T 

We illustrate the application of the method to th. surfa« records from a near-by station (Ed­
monton Municipal Airport), and show how the certainty of wet snow can be further improved 
when other, qualitative observations are taken into account. 

TURBULENCE AND DIFFUSION IN THE OCEAN 

TURBULENCE ET DIFFUSION DANS L'OCEAN 

Isopycnal and Lateral Diffusion in a Box Ocean Circulation Model 
W.A. Gough, C.A. Lin, Department of Meteorology, McGill University, Montreal, Quebec 

The Bryan-Cox ocean general circulation model is adapted to a box domain to examine the effects 
of lateral and isopycnal diffusive parameterizations on ocean circulation and tracer budgets. The 
geometry is an idealized box representation of the Atlantic Ocean between 20·-50·N, and 10·-
60·W latitude/longitude horizontal resolution. There are 10 levels in the vertical covering 4000 m, 
with no bottom topography. The model is forced with seasonaUy varying surface wind stress and 
surface heat flu; it is initialized with 3-dimensional temperature and salinity fields interpolated 

37 



to tbe model grid. lsopycnal dilfusion is parameterised using tbe rotated eddy dilfusivity tensor. 
The numerical experiments consist oC two lOO~year spin·up-Crom-rest simulations using lateral 
and isopycnal dilfusion. Tbe dilfusivities are chosen so that the two parameterisations beeome 
identical in the case of uniformly horlsontal isopycnals. The elfects of both forms of dilfusion 
on the model dynamics, passive and active tracer distributions are presented. The tracer results 
from the 3-dimensional model are compared with those of a I-dimensional advective-dilfusive 
modeL The role of O('.can mixing on climate is also ('onsidered. 

A Thermocline Ocean Model for Climate Studies 
S. Zhang. C.A. Lin, Department of Meteorology, McGill University, Montreal, Quebec 
R. Greatbatch, Department of Physic., Memorial University, St . John's, Newfoundland 

A 3-dimensional IO-level mid-latitude POO-600N) hox ocean general circulation model in spheri­
cal coordinates is formulated to examine the thermocline structure and thermohaline circulation 
of the North Atlantic Ocean. The model equations consist of full prognostic temperature and 
salinity equations, and diagnostic momentum equations with the nonlinear advedive terms and 
horizontal mixing terms omitted. For a steady wind stress, the solution of the barotropic momen­
tum equations leads to a Stomme) gyre. Two formulations are used to treat the vertical diirusion 
for the barodinic part. The first uses an eddy viscosity which is non-zero only in the uppermost 
level, so that geostrophic balance holds aside from the barodinic wind stress contribution. This 
formulation is based on the ocean climate model developed in Germany. The second formulation 
parameterizes the vertical dilfusion as linear damping at all levels. In both cases, the model is 
driven by ideali.ed wind stress distributions and buoyancy ftuxes. The diagnostic momentum 
equation formulation filters waves faster than long internal Rossby waves, thus allowing the use 
of long time steps for climate simulations. 

The numerical experiments conducted include an examination of the model responses to 
wind and buoyancy forcing separately, as well as to both forcings. The thermocline structure 
and the thermohaline circulation are obtained by integrating to equilibrium, and a comparison 
of the results obtained using both treatments of the vertical dilfnsion is made. 

Remote Measurement of Turbulent Velocity Fields in the Coastal Environment 
A. Gar&dt, Institute of Ocean Sciences, Sidney, British Columbia 

Strong turbulence is typical of many coastal areas. Although th~ associated mlXlng of water 
propfrties has important efffcts in areas such as nutrient supply to coastal ecosystems, pollutant 
dispersal, and aquaculture carrying capacity. to name but a few, direct measurements of the 
turbulent velocity field art' almost non-existent to date. Such measurements are now possible, 
using a modified shipborne aconsti< Doppler profiler. This paper will describe the necessary 
hardware and software modifications, and present examples of turbulent velocity fields produced 
by a variety of tidal flow structurts in British Columbia coastal waters. 

Upper Ocean Thermal Response to an Autumn Storm 
G.B. Crawford, D~partm~nt of Oc~anography, Uninrsity of British Columbia, Vancouv~r, British 
Columbia 
W.G. Larg~. National C~nter for Atmosph~ric Res~arch. Boulder, Colorado, U.S.A. 

We have examined the short term (i.e. 1- 2 days) ocean response to a specific storm observed 
during the Ocean Storms experiment. Three CASID buoys, with thermistor chains and pressure 
sensors, had been deployed before the storm of October 4, 1987 struclr.. Although the buoys were 
within a hundred kilometres of each other, thf' observed upper ocean response was quite difFerent 
at the dilferent locations. At one location, the mixed layer (ML) temperature dropped by 1.IOC 
in about 12 hours, corresponding to a ML heat loss rate estimated at 3700 W 1m2; at another 
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buoy, the heat loss rate was down to 1500 W / m'. At all three buoys, most of the heat was 
mixed down into the thermocline. The measur<men!5 will be compared to similar observations of 
episodic cooling events made during STREX. We have been unable to reproduce the mixing and 
vertical redistribution of temperature observed using a simple one-dimensional dynamic in.tability 
model. 

Evolution of Finestru<ture in a Tidal-Shear Flow 
P.S. Galbraith, Department of Oceanosraphy, Dalhousie University. Halifax. Nova Scotia 

The evolution of mixing layers is observed with a high resolution (in time and space) CTD 
data st't with in which overturns are seen as inversions in the temperature, salinity and density 
profiles. The mixing layers are forced by the large amplitude internal tides which are generated 
at th. head of the Laurentian channel in the St. Lawrence estuary. Shear associated with these 
waves destabilizes the water column, induces mixing overturns and this produces buoyancy flux 
and upward flux of nutrients. 

Velocity profiles were also measured using an acoustic Doppler current profiler. These data 
combined with density profiles yield metre-scale Richardson numbers, providing a picture of the 
forcing field. Using this data .. t. the evolution of th. water column from continuously stratified 
to layered can be studied and the overall buoyancy flux of the mixing can be evaluated. The 
further calculations of Available Potential Energy of the Fluctuations (A.P.E.F.) will allow the 
estimation of the rate if kinetic energy dissipation (.) and when compared to the change in 
potential energy of the water column may also provide an estimate of the efficiency of mixing. 

The use of Thorpe displacement profiles may contribute to the understanding of the evolution 
of not only overturn size and potential energy (using the related A.P.E.F.), but also of the 
structure of the overturns themselves, as a function of time and possibly Ri. It may be possible 
to use the reordering displacement pattern (Thorpe displacements) to say something about the 
state of the mixing overturn. These Thorpe displacement signatures may al.o be of help in 
distinguishing mixing overturns from intrusions. 

CLOUD PHYSICS/PHYSIQUE DES NUAGES 

Cloud Microphysics in Canadian Atlantic Storms 
G.A . Isaac, Atmospheric Environment Service, Downsview, Ontuio 

During th. Canadian Atlantic Storms Program (CASP) field project <onduct.d from 15 January 
to 15 March 1986, cloud microphysical measurements were madE' using two instrumf'nted aircraft: 
a Twin Otter and a DC-3, For 90% of the time in cloud, the- aircraft were at temperatures 
between 0 and - 12°C. Cloud droplet concentrations varied from low values to greater than 
700 cm- 3 with median values between 50 and 100 em - 3 , let" crystals wert' usually present 
during cloud penetrations with the highest concentrations occurring at thf' warmest temperatures. 
Precipitation formation was through an ice crystal aggregation process. For both aircraft, severe 
icing conditions were encountered, and the microphysical character of thes~ douds have been 
documented. 

Annual Variability in Hail Damage in Sa.lratchewan 
A.H. Paull Department of GeographYl University of Reginal Regina l Saskatchewan 

A time series of 10 .... 10-risk ratio for crop-hail insurance in Saskatchewan from 1917 to the present 
is available. This paper examines the variation in this series in an effort to ascertain whether 
it is indicative of stability or change in climate over this period of almost a century. There 
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has been considerable speculation in the 1970s and 1980s that our climate is becoming stormier. 
The interpretation of the Saskatchewan hail-insurance data is subject to some constraints but it 
appears that the data do not support this contention. 

The Saga of the Three-Peak Raindrop Size Distribution in Tropical Rain 
R. List, G. McFarquhar, Department of Physics, University of Toronto, Toronto, Ontario 

Laboratory-based numerical models on the evolution size of spectra in steady rainshafts pro­
duced (non-changing) equilibrium distributions with three' distinct peaks in number concentra­
tion, 3PEDs. Measurements in Malaysia confirmed this conclusion for cases of steady rain in a 
general way, independent of the source clouds (convective or stratiform. cold or warm). A full 
proof is still not available due to the biases of the sampling device, the Joss disdrometer. 

The observation of higher concentrations of drops in streaky rain at equilibrium peak sizes, 
led to the modeling of "pulsed" rain. Streaky packages, similar to those observed, were obtained 
using the model. Surprisingly, the resulting raindrops also developed a three peak distribution 
when integrated OV<f the duration of the rainfall. While the peak positions are at about the 
same values as in 3PEDs, the relative heights however, varied with pulse duration and height in 
the shaft. 

This study has important implications for tropical rain. 

The Influence of Small Seale Rain Rate Variability on Radar Hydrology 
I. Zawadzlti, M. Desner, D~partement de Physique, Universit~ du Quebec it Montreal, Quebec 

In assessing the importance of the factors affecting the precision of radar measurements of rain 
rate it is important to develop a theoretical framework that describes and predicts correctly the 
uncertainties involved. 

A comparison of theoretical and observed errors due to interpolation and extrapolation of 
radar data as well as the discrepancies in radar-raingage comparison will be presented. The 
theoretical calculations take into account only the e/fects of the spatial and temporal variability 
of rain rate. The results show that the theory is adequate to describe the observations, and 
furthermore, the radar-raingage comparison indicates that the space-time variability is the most 
important factor in explaining the discrepancy between the two instruments. 

Energy Budgets for Stratocumulus Clouds using Conserved Thermodynamic Variables 
P. Austin, Programme in Atmospheric Science, Department of Geography, University of British Columbia, 
Vancouver, British Columbia 

The First International Satellite Cloud Climatology Program Regional Experiment (FIRE) pro­
vided an extensive set of satellite. aircraft, and ground based measurements of marine stratocu­
mulus clouds off the California coast. We have examined aircraft observations of radiative and 
thermodynamic- variables for a nocturnal and a daytime FIRE case. using entropy and total 
water as conserved thermodynamic tracers. This technique provides consistent estimates of the 
surface and entrainment fluxes, as well as the convective velodty scale for the layer (Boers and 
Betts, 1988). 

Layer mixing lines show the influence of sea-surface temperature changes on the boundary 
layer in the daytime case, and reveal a sharp ('" 5- 10 km length scale) transition between two 
distinct thermodynamic regimes. For the nocturnal case, radiative cooling dominates the layer 
energy budget. The impact of radiative cooling on eloud droplets in the upper 50 m of the eloud 
is estimated using the circulation time scale given by the thermodynamic analysisj conditional 
samples of cloud drop-size distributions in descending air reveal that the cooling has some impact 
on droplet growth in this eloud. 
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ATMOSPHERIC DYNAMICS- l 
DYNAMIQUES ATMOSPHERIQUE- l 

Application of the Semi-Lagrangian Method to a Multilevel Spectral 
Primitive Equations Model 
H. Ritchie, Reche:rche en p:revision nume:rique, Se:rvice de l'envil'onnement atmosphe:rique, Do:rval, Quebec 

It has previously been shown that semi-Lagrangian schemes can be applied to spectral models 
of the shallow water equations using large time steps. The- present study considers the extension 
of this work to a multilevel spectral primitive equations model. 

As a first step, an Eulerian vorticity-divergence sptdral model is converted to an Eulerian 
one based on a vector momentum form of the equation of motion. From \he latter, several 
semi-Lagrangian ones are prepared: one using an interpolating semi-Lagrangian treatment of 
advection in the horizontal (referred to as 2DISL) while retaining Eulerian advection in the ver· 
tical, another using a three-dimensional interpolating semi-LaF:rangian formulation (referred to as 
3DISL), and another which combines the 2DISL scheme in the horizontal and a noninterpolating 
semi-Lagrangian treatment in the vertical (referred to as NISLV). Medium range inttrcomparison 
experiments are performed using models that indude simple physical parameterizations. It is 
shown that the semi-Lagrangian semi-implicit approach can be applied accurately and stably to 
produce medium range (five day) forecasts using time steps that are far larger than those per­
mitted by the Courant-Friedrichs-Lewy (CFL) stability criterion for the corresponding Eulerian 
model. 

The NISLV version is found to be more accurate than the 3DISL one which apparently has 
excessive damping in the vicinity of the tropopause where all the model fields change abruptly 
in the vertical. 

A Three-Dimensional Generalization of Eliassen '8 Balanced Vortex Equations 
G. Craig. H.-R. Cho, Department of Physics. University of Toronto, Toronto, Ontario 

A set of equations has been derived describing the motion of a fluid which is dose to gradient 
balance in a circular vortex. For the ("ase" of axisymmetric flow, the balanced vortex equations 
redue. to the two-dimensional system described by Eliassen (1952, Aslroph.Ys. Norv .). which has 
been widely used in the study of tropical cyclones. 

The equations are derived using the Hamiltonian method of Salmon (1985, J. Fluid Mech.). 
The primitive equations are expressed in variational fOlm and approximations are made directly 
to the Lagrangian. This is done in such a way that time and particle-labelling symmetries 
a.re preserved , which ensures that the resulting equations conserve approximate forms of energy 
and potential vorticity. These correspond to the primitive equation quantities calculated using 
gradient wind. 

Transformation to a potential radius coordinate R, where absolute angular momentum M = 
R' / 2, simplifies the system to a state which bears a formal resemblance to the quasi-geostrophic 
equations. This is analogous to the bansformation to geosbophic coordinates in semigeostrophic 
theory, and has the .frect of stretching regions where absolnte vorticity is large. 



Forecasting Polar Lows with Melo-scale Versions of the Canadian Regional 
Finite Element Model 
M. Ro<:h, Canadian Meteorolopcal Centre, AtmOlpheric Environment Service, Dorval, Quebec 
R. Benoit, Recherche en Prevision Numerique, Atmo.pheric Environment Service, Dorval, Quebec 
N. Parker, Scientific Services, Westen Region. Atmoapheric Environment Service, Edmonton, Alberta 

High-resolution versions of the present operational Regional Finite Element Model (RFE) have 
been develope<! to assess its potential in simulating the ... small scale, difficult-to-forecast and 
possibly-dangerous weather systems that are polar lows. The currently operational 100-km .. emon 
and a 50-km version of the model have been run on three different polar low cases: two over 
Davis Strait and one over Hudson Bay. A 25-km version of the RFE was also run on the Hudson 
Bay event, together with further sensitivity experiments to kf" cover. The reduction in spatial 
truncation errors provided by the increase in resolution does indeed result in & better simulation 
of the systems for two of the three cases. One of the possible explanations for the failure of 
the model to properly forecast the third event could be the absence of upper air support at 
initial time in the operational analysis for that case. The model has also shown a significant 
sensitivity to ice cover at high resolution, particularly for the surface wind structure. This set 
of experiments suggests that the improved forecast accurately obt.ained from increased resolution 
is limited not only by the quality of the standard upper air analysed variables supplied to the 
model, but is also significantly limited by the surface fields which act as a stationary forcing for 
the entirE' forecast period. 

Experiments on Tropical Stratospheric Wind Variations in 
a High Vertical Resolution Spectral Model 
K. Hamilton, Geophysical Fluid Dynamics Lab./ NOAA, Princeton Univ., Princeton, New Jersey, U.S.A. 
L. Yuan, Atmospheric and Oceanic Sciences Pror;ram, Princeton Univ ., Princeton, New Jeney, U.S.A. 

A 30 level version of the G FD L spectral climate model has been constructed with roughly 2 km 
resolution up to 60 km height. A simple drag parameterization has been added in the upper 
six levels to allow a reasonable simulation of the annual cycle in zonal stratospheric circulation. 
In common with other general circulation models, this model fails to producE' a realistic quasi­
biennial oscillation in tht tropical stratosphere. A number of experiments arf' being cODducted 
in an attempt to understand the dynamics of the tropical stratosphere in this model. The model 
has been initialized with the tropical zonal mean wind and temperature field strongly perturbed 
from those obtaintd in a standard run. Several interesting preliminary results have been ob­
tained. It has been found that the relaxation back to equilibrium is much slower for easterly 
perturbations than for westerly perturbations. The relaxation in either cast shows the downward 
phase propagation characteristic of actual QBO wind reversals. The vertical eddy momentum 
fluxes in the stratosphere ale also affected systematically by tht mean wind perturbations. Much 
more detailed analysis of these results is now underway. 

Comparison of the Nonlinear Instability of Easterly and Westerly Jets in 
a Two-Layer /3-plane Model 
S. Feldstein, Department of Earth and Atmospheric Science, York University, North York, Ontario 

The nonlinear evolution of unstable baroclinic Rossby waves (BRWs, hereafter) that em .... ate 
from a variety of <lifferent easterly and westerly jet profiles is examined with a two-layer quasi­
geostrophic /3-plane channel model. Significant differences are shown to arise between the solu­
tions for easterly and westerly jets. For easterly jets, BRWs both grow and decay in a combined 
baroclinic/barotropic mannel. The wave evolution is reversible and periodic. This conhuts with 
the results of Feldstein and Held (1989) for unstable westerly jets which find irreversible BRW 
life cycles consisting of baroclinic growth followed by barotropic decay. 
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The wave propagation characteristics of the easterly and westerly jets are examined in the 
context of linear WKB theory. It is found that the modes growing in the easterly jet are reflected 
at the walls of the channel, whereas the westerly jet'. unstable modes are completely absorbed at 
critical latitudes. These reflections vs. absorption properties are used to explain the reversibility 
behaviour of the unstable BRW s. 

Calculations are also performed for a variety of different jet widths. For unstable easterly 
jets, the ratio of barotropic to baroclinic energy conversion increases as the jf't becomes narrower, 
but the general behaviour for all jet widths follows the same temporal behaviour described above. 
The unstable westerly jets display two distinctly different types of solutions. For westerly jets that 
have a width greater than one deformation radius, the BRWs undergo the irreversible life cyde 
described earlier. However, when the jet width is less than one deformation radius, reversible, 
periodic, life cycles consisting of barotropic growth followed by barolropic decay occur. These 
unstable, reversible, barotropic modes are shown to be reflected at turning points. In addition, it 
is found that when the wave evolution is reversible, the mean meridional circulation cell is fixed 
in latitudinal extent, whereas when the wave evolves in an irrf'vt'lsible manner, the cell broadens 
as the wave decays. 

Lastly, the results from the easterly and westerly jet calculations al< related to the instability 
of the African jet, the summer mesosphere easterly jet, narrow jets in the Southern Hemisphere, 
and the westerly jet of the winter stratosphere. 

FISHERIES OCEANOGRAPHY-2 
OCEAN-FISH CLIMATE AND CORRELATIONS 

OCEANOGRAPHIE DE LA PECHE-2 
OCEAN-PECHE, CLIMAT ET CORRELATIONS 

Environmental Influences on Assessment and Management of 
West Coast Fish Populations 
R. Methot, Alaska Fisheries Science Center, NMFS, Seattle, Washington, U.S.A. 

Forecast of the maximum potential yield from a fish stock depends on accurate measurement of 
the abundance, growth and natural mortality of adult fish . and on determination of the rate at 
which recruitmeDt decreases as the abundance of the spawning stock is reduced by the harvest . 
Variation in the ocean environment afftcts these factors directly. and indirectly through inter­
ference with our ability to measure appropriate quantities. The environmental phenomenon that 
has the most apparent influence on west coast fish stocks is the EN SO event. These anomalies 
are associated with decreased growth and with northward movtment of t.he population's center 
of distribution. The change in fish distribution influences their availability to the fishery and 
our surveys, and complicates estimation of fish abundance. Observed inter-annual variation in 
recruitment confounds efforts to determine the dependence of recruitment on spawner abundance, 
and directly influences short-term forecasts of fish harvests. The ENSO events are not associ­
ated with most variation in recruitment. Upwelling and offshorE" transport have been invoked 
most often in efforts to hindcast variation in recruitment , but with little success. Simultaneous 
examination of environmental and biological factors may improve the success of these models. 
However, some environmental fador with broad teleconnection must be important because of the 
coherence of strong recruitment among diverse species over a wide geographic range in the NE 
Pacific Ocean. 



Correlations between Fi.b Recruitment and Environmental Factor. May Depend on 
tbe Natural Mortality Rate uled to Recondrud Fi.h Abundance. 
M.F. Lapointe, R.M. Peterman, Natural Resource Manacement Program, Simon Fruet UDiYU'litJ. Burn­
aby. Briti.h Columbia 

One of the most common research approaches to the problem of recruitment variability in ma­
rine fish populations has been to correlatf' annual estimates of recruitment fOI a ginD stocI 
with annual measures of an environmental variable. We show that when such correlations are 
based on recruitment abundances estimated by virtual population analysis (VPA). and .. hen 
thore are time trends in the fishing mortality rate and the oceanographic factor, the magnitude 
and statistical significance of correlations depends on the natural mortality rate (M) used in the 
VPA. We simulated an age-structured fish population with an assumed underlying I4true" corre­
lation between the abundance of recruits and an oceanographic factor and generated catch data 
and terminal fishing mortality rates for input to VPA. We then estimated recruits using VPA 
with a delibtrately mis-specified M value (to reflect imprecise field estimates of M) and calcu­
lated the correlation that would be estimated between the estimated recruits and the observed 
oceanographic factor . When the model's true recruitment was significantly correlated with thE' 
oceanographic fador, certain ranges of incorrect M used in VPA masked the true conelation 
such that the estimated correlation was nonsignificant. When we assumed that true renuitment 
was independent of the oceanographic factor, other ranges of incorrect M created spurious corre­
lations between recruitment and the oceanographic factor. To reduce the effects of time hends, 
we tried first-differencing the data prior to doing correlations. While first-differencing made cor­
relations less sensitive to the choice of M used in VPA, estimated correlations were still quite 
different from true ones, regardless of the value of M used to reconstruct abundances. Because 
estimates of M are uncertain and trends in fishing mortality rates and oceanographic f&etors are 
common, existing correlations between recruitment and oceanographic variables (or lack thereof) 
may be artifacts. Thus, we recommend that analysts should generate several VPA estimates of 
recruitment time series using a plausible range of M values to demonstrate how conclusions are 
to the choice of M used in VPA. 

An Empirical Simulation of Lagrangian Surface Currents: 
Part I - Interannual Changes in the Northeaot Pacific Divergence 
W.J . Ingraham. Jr .• Alaska Fisheri .. Scienc< Center, NMFS/ NOAA, Seattle, Washington. U.S.A. 

Dut" to the complexity of measuring and monitoring ocean surfact" currents, numerical simulation 
models arr an attradivt" alternative for estimating changes in the major features of ocean cir­
culation. Also, satt"llitf" tracked drifter data have become availablE" in thE" last decade to use for 
model ralibration purposes. 

An o<ean-wide Ocean Surface Current Simulations (OSCURS) model was developed to ex­
aminf the' variability of circulation in areas of potential interest to fisheries in tht> North Pacific 
Ocean and Bering Sea north of 35'N from 1946 to 1986. Although currents intuitively affect the 
transport of young fish and C'ven adult fish migrations, it is not possible to prove that ocean 
current fluctuations directly cause fluctuations in stock abundance due to inadequate fisheries 
data and predation effects. The purpose of the model is to describe more fully the pallerns and 
changes that have o(,curred in ocean circulation. 

This hindcast model used the FNOC gridded sea level pressure fields to calculate wind, 
then computed current speeds from the Willing (1909) formula. 4.8 times the square root of the 
wind speed . The angle of deflection, which averages about 25' to the right of the wind, was 
calculated from the Weber (1983) formula. The long-term mean geostrophic current (0/3000 db) 
was vectorially added to the wind current in each of the model's daily time steps. 

Calibration of the Gulf of Alaska portion of OSCURS was performed by multiplying cur­
rent speeds by 1.2 to make the belt-fit visual agreement between model trajectories and daily 
positions of satellite tracked drifters which circulated around the Gulf of Alaska from Joly to 
December 1978 (Reed, 1980). 
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Year to year changes in the Great Divergence were examined by annual model rUDS which 
simulated the trajectories of drifters released at the same locations along 155'W in March. The 
eight-month drift subsequently traced out a characteristic pattern of eastward movement toward 
the U.S. and Canadian coastlines then a broad divergence toward the north and south near 
shore. Onshore flow was strongest in 1954 and weakest in 1970. Near the coast northward 
flow dominated in 1951, 58, 67, and 68 while the southward branch of the divergence was best 
developed in 1947, 48, 55, 60, and 61. At this stage the model has given descriptive insight into 
the variability problem that could not have been obtained by other means. 

MARINE CBEMISTRY-l 
CBEMIE OCEANOGRAPBIQUE-l 

The Importance of Organic Complexation to the Oceanic Chemistry of Bioadive 
Trace Metals 
K.W. Bruland, Marine Sciences, Univenity of California, Santa Crus, California, U.S.A. 

Recent advances in marine chemistry have demonstrated the paramount importance of com­
plexation of trace metals such as Cu, Zn and Cd with natural organic ligands existing at low 
concentrations, and forming complexes with these bioactiv~ trace metals having high conditional 
stability constants. Complexation of these metals by organic ligands is most pronounced in the 
surface euphotic zone where primary production is occurring_ Organic complexation, combined 
with the variation in total dissolved metal concentrations, ('.8Uses a tODO-fold variability in free 
ion activity of each of these trace metals between surface- waters and intermediate depths of 
600 metres. The importance of organic complexation to tht" dissolved speciation of these bioac­
tive metals is being documented, providing strong justification for a closer e](amination of the role 
of organic complexation of \race metals to phytoplankton productivity and biogeochemical cycles. 

On the Removal of Dissolved Aluminum in Seawater 
S.B. Moran. R.M. Moor~, D~partm~nt of Oceanography, DalhOU5i~ University, Halifax, Nova Scotia 

Recent field and mesocosm experim.nts have dearly demonstrated that dissolved Al is rapidly 
removed with increasing primary productivity associated with phytoplankton blooms (Moran and 
Moore, 1988a,b). Here, results from kine-tiC' experiments conducted in order to study the adsorp­
tive (passive) removal of dissolved Al by diatom particles in seawater are presented. Dissolved 
Al (initially ca. 50 nM) was monitored as a time series after addition of dead Phaeodacty­
lum tr.comutum diatom particles (1- 10 mg/ l) to seawater at 2'C in the dark. 234Th \rarer. a 
partide-reative element with a hydrolysis speciation (Th(OH)~) similar to dissolved Al (AI(OH)~ , 
Al{OH);) in seawater, was also monitored during the experiments. An increase in the removal 
rate and the percentage of dissolved AI and 23iTh removed from solution was observed with 
increasing particle concentration (Cp ) and hence particle surface area. Good agreement was 
found between Al kinetic data and a simple model which assumes reversible adsorption between 
dissolved Al and particle surfaces. A positive dependence of the model derived forward rate 
constants for Al and 234Th on Cp was observed. A positive relationship between the reciprocal 
of oceanic residence times (liT) of dissolved Al and Cp from a variety of oceanographic regions 
is taken as additional evidence that the removal of dissolved Al occurs at a rate proportional to 
Cp , further suggesting the primary importance of a passive adsorption mechanism in controlling 
the removal of dissolved AI on a global ocean scale. 

References 

Moran S.B. and Moore R.M. (1988a) Temporal variations in dissolved and particulate AI during 
a spring bloom. E./uar. Coast. Shelf Sci. 27, 205-215. 
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Metal Distributions and Transport on the Scotian Shelf 
P.A . Yeah, Bedford In.titut~ of Oceanography, Dartmouth, Nova Scotia 

Metal distributions measured on five sections across the Scotian Shelf in June 1985 are described 
in terms of their relationships to salinity and nutrients. Copper distributions can be described by 
a simple linear relationship with salinity. Manganese concentrations also decrease with increasing 
salinity but in this case the relationship is non-linear and different relationships apply for each 
section . Nickel and cadmium distributions are affected by relationships with both salinity and 
nutrients resulting in maxima in the metal salinity relationships. Lead does not show a dear 
relationship with salinity because of the existence of the highest lead concentrations in the surface 
wa1.ers but often in the oft'shote surface samples. 

Observed metal and nutrient distributions are compared to those predicted by a model that 
uses Sand T characteristics of the samples and k.nown 5, T, nutrient and metal concentrations 
in the source waters for the shelf. Deviations from predided values are discussed in terms of 
biological uptake, inputs from sediments and chemical removal reactions. Metal and nutrient 
transports along and across the shelf are estimated by comparing the alongshore gradients in 
concentration to estimated transport at the shelf break. 

MESOSCALE DYNAMICS AND CLIMATE 
CLIMAT ET LA DYNAMIQUE DE L'ECBELLE MOYENNE 

Mesoscale Vorticity Dynamics in a Weak Oceanic Cyclonic in ERICA 
O. Hertlman, Atmospheric ScienCts Prolram. D~partment of Oceanography, Dalhousie University, Hal­
ifu. N ova Scotia 

In Intensive Operation Period 8 (Feb. 24- 25 , 1989) of ERICA, the Experiment on Rapidly 
Intensifying Cydones over the Atlantir, a rapidly deepening cydone did not occur as predicted . 
Wind , radar and thermodynamic' data from aircraft and dropsondes are analyzed to investigate 
which of the necessary and suffkient conditions for a rapid deepening did not occur as predicted . 

Preliminary analysis indicates that . despitt shang low-level atmospheric barodinicity across 
the north wall of the Gulf Stream. and an almost zeroth order low-level frontal surface, the 
Lagrangian vorticity budget in the frontal region was not positive enough to ensure rapid deep­
ening. Vorticity production by stretching in the low levels, due to strong hOIilontal speed and 
direction convergen<."e, approached 10- 8 s- 2 on scales of"" 50 km. However, the storm was ap­
parently unable to tap into the horizontal vorticity associated with the strong low-level shear of 
the horizontal wind near the front. This. combined with middle and upper level vorticity and 
convergence patterns which were poorly phased with lower level activity, effectively limited the 
strength of the storm. The role played by the very dry air aloft on the warm .ide of the front 
is still under investigation. 

hopacta of Projected Global Warming: A Researcb Proposal for the Maaensie Basin 
S.l. Cohen, Canadian Climate Crntfe, Atmospheric Environment Centrr. Downsview, Ontario 

Recent experiments .... ith atmospheric General Circulation Models (GCM) indicate that if con­
centrations of carbon dioxide and other trace gases continue to increase, the greenhouse efFed 
would strengthen and global climate would experience unprecedented warming. In high latitude 
regions, such as the Macken.ie Basin, projected warming is expected to be double tbe global 
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average temperature ebange during tbe winter season. Tbe Basin would certainly experience a 
number of physieal and eeologieal cbanges, with subsequent impacts on tbe people wbo live there. 
At tbis time, bowever, only a rough qualitative picture of impacts can be provided. 

This discussion includes a possible outline of a r .. earcb program on the impacts of global 
warming scenarios in the Mackenzie Basin. Thest' scenarios would include ouiputs from GeMs, 
such as the new one produced by the Canadian Climate Centre. Hydrology, permafrost and 
other first-order physical impacts would b. investigated. These would be linked to second-order 
biological studies describing impacts on vegetation , fire potential, wildlife, etc. Third-order socio­
economic studies would consider activities of the native and Don-native communities. This effort 
would require several years to complete, and would be multidisciplinary, requiring the expertise 
and cooperation of many government and non ~government entities. If this proposal is approved at 
the federal level, the next step would be to organize an interagency team which would identify 
participants, assign task.s and obtain resources. Any comments or suggestions regarding the 
proposed study would be welcome. 

Finite-Time Thermodynamical Treatment of Water in Atmospheric Circulations 
G.B. L~sins, Department of Oceanography. Dalhousie University, Halifu:, Nova Scotia 

Finite-time thermodynamics is an extension of tht' traditional equilibrium heat engine analysis 
(for example the Carnot cycle) by taking into account sources of irreversibility in transferring 
heat from thermal reservoirs to the working fluid and irreversibility due to the dynamics of the 
fluid itself. Dissipation rates, cycling times, improved estimates of efficitncy and other predictions 
are possible depending on the applied constraints of the problem. This technique has already 
been applied to a simple closed cycle model of the global atmospheric circulation and it predicts 
averagt' dissipation rates in excellent agreement with observations (about 2 W m- 2 ). 

The calculations are being extended to explieitly include the effects of latent heat on the 
atmospheric circulation. Relationships betwttn tht spttd of the atrnosphtric cycle, tvaporation 
rates and the averagt humidit.v of tht atmosphf'ff' art txamintd. lmportant insights into tht rolr 
of tht hydrological ('yelt" can bt" obtained using this thrrrnod,vnamic tt'chniqut which can bE' usrd 
as guidanct" or perhaps even as a constraint in interpreting results from more complete dynamical 
models such as the GeM. The finite-lime model will also be applied to regional circulations such 
as hurricants. mesoscale convtctivf' systems and individual thunde-rstorms. 

A Numerical Study of Rossby Wavebreaking: Where and When? 
J. F:vfe, Atmospheric Sciences Program, Department of OC'tanography. l. nivtrsity of British Columbia. 
Vancouver, Brit'sh Colwnbia 

A stationary Rossby wave, sinusoidal in longitude. is slowly switch<-d on 1 and thf' meridional 
propagation of the resulting wave front through a shtar flow is e-xamine-d. Initially the flow is 
we-sterly everywhere and therefore fref' of criti!'al iaYf'rs. Tht transition from U'vf'rsible to ir­
rtversiblf' behaviour as the wave amplitude is inclf'ased is describe-d. We- first consider purely 
horizontal wave propagation (Fyfe and Held, 1990). It is shown that in an inviscid quasi-linear 
model, a steady state is obtained if and only if the mean flow is deeelerated by less than approx­
imately two·fifth. of its initial value as a result of the passag. of the wavefront. If this passage 
causes a larger mean flow reduction, a pile-up of wave activity in the shear layer culminates 
in the generation of a critical layer. Fully nonlinear calculations show that once the mean flow 
is decelerated by more than two-fifths of its initial value, rapid wave breaking and irreversible 
mixing also occurs but in this case in the absence of any critical layers. Finally, we conclude this 
study by allowing horizontal and vertical wave propagation, as well as1 restoting forces on the­
mean flow. The relevance of the-sf' results to the atmosphere will be questioned in sf'verai ways. 
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Recent Anticyclonic System. in Southeastern United States 
G.L. Plummer, Office of the State Climatologist, University of Georpa, Athens, Geor,ia, U.S.A. 

Droughts, freese-drying weather, late-frosts, and similar events all came this past decade to 
the Southea.st on rare, record-breaking occasions in conjunction with massive atmospheric high­
pressures that recurred frequently. 

Mort was involved than I4ridges" of fair weather. Those ridges were patternistic, cyclic, per­
sistent, and they had ill-defined electromagnetic properties. They were unique drought-inducing 
anticyclonic ·systems'. 

In summertime, anticyclones of 1026 millibars often climbed to 5960 metres. The inductive 
radiation was oppressive, especially in the northeastern quadrant of each massive anticydonic 
system. Droughty weather reappeared in a series of paired periods, 27 to 30 years apart, six 
times or more since the early 1800s. These Were related to cyclic patterns that recurred at 7-
year, 9-year. ll-year and other frequencies. Periodieally these cycles did coincide, synergistically, 
inducing climate droughts. 

In wintertime, freeze-drying anticyclones appeared as so-called 'ardic expresses'. These 
ranged from 1058 millibars upward. They originated ten days or so after the magnetic &8-

index attained a value greater than 50. Several foUowed the fuU moon at apogee; others came 
behind prolonged emissions of M-dass x-rays from solar flares. Also, late frosts came with a 
strange, yet historically unique, set of anticyclones that reappeared every 76 years, precisely. 
Again, frigid weather developed within massive anticyclonic systems, ten days or so after close 
proximity to Earth of Halley's comet. This pattern reappeared on each of four apparitions -
1759, 1835, 1910, 1986. Frigid weather ... as reported in the earliest times; new Jate-frost records 
were set in April on the latter occasions. 

Further, all of the above occurred in conjunction with unique geophysical factors in the 
southeastern Piedmont. In wintertime, most of these southeast~bound anticyclonic systems {ol­
lowed a path generally along the line of zero magnetic declination; the big ones went into 
South America. In summertime, when cloud-bearing weather in the subtropical jetstream passed 
over the local lithosphere, wherein magnetite, iron, aluminum, etc. contribute electro-static and 
magneto-dynamic properties to the environment, the clouds appeared to levitate upward, dissi~ 
pating temporarily, then reforming downwind over a different lithosphere. 

Droughty weather persisted a decade because some &stro-geomagnetic properties which seemed 
to govern them persisted also. Severe droughts came and went during that decade apparently be­
cause the magnetic- properties related to them were modified by other astro-geophysical processes. 
All these interactions form better hypotheses fOI further cause~effect investigations. 

ICE AND ARCTIC OCEANOGRAPHY 

OCEANOGRAPHIE DE LES GLACONS ET DE L'ARCTIQUE 

Acoustic Radiation of Ice Cracking Sound in the Arctic Ocean 
Y. Xie, mstitutt' of Ocean Sciences, Sidn~y, and Department of Oceanography, Univenity of Briti.h 
Columbia, Vancouver I British Columbia 

A few hundred ice cracking events havt" been analYI~d for the central Arctic environment in 
the Spring when the air temperature is dropping. Aside from the fact that most of the events 
generated a dipole shape radiation pattern into the Arctic water, some of them .howed an 
angularly dependent radiation character for different frequency components, i.e. the reftected 
signal from the sea floor carried a base band component of a higher frequency than that from 
the direct path. A simple theory based on plate vibration modes is introduced to offer a plausible 
explanation for this faeinating phenomenon. Generally speaking, due to the mechanical properties 
of an ice cover, sound generated by upper surface failure of sea ict" will produce a dipole radiation 
pattern with an angularly despersive character, and the sound is a relatively narrow band signal. 
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Greenland Sea Ice during 1901-1984 and their Relation to an Interdecadal 
Arctic Climate Cycle 
L.A. Mysak, D.K. Manak, Department of Mdeorolou. McGill University, Montreal, Quebec 
R.F. Marsden. Department of Physics, Royal Roads Military College, Victoria, British Columbia 

Two ice data sets from the Greenland and neighbouring seas have been analyzed to determine 
interannual and decadal timt' scalr sea-ict> t'xtt"nt anomalirs during this cpntury. Sea-ice concen­
tration data on a I' x I' grid for 1953- 1984 revealed the presence of a large positive anomaly 
in the Greenland Sea during the 1960s which coincided with the "Great Salinity Anomaly", a 
low-salinity water mass that travelled cyclonically around the northern North Atlantic during 
1968- 1982. The two anomalies propagated into the Labrador Sea with a typic.al travel time of 
3- 5 y. 

Spring and summer ice-limit data obtained from Danish Meteorological Institute charts for 
1901- 1956 indicated the presence of heavy ice conditions in the Greenland Sea during 1902- 1920 
and in the late 1940s, and generally light Ice conditions during the 1920s and 1930s. Only limited 
evidence of propagation of Greenland Sea ice anomalies into the Labrador Sea was observed. 
howrver , On the other hand. srverallarge ice anomalies in the Greenland Sea occurred 2- 3 y after 
iargt" runoffs from northern Canada into the western Arctic Ocean. Similarly, a larg(, runoff into 
the Arctic preceded the large Greenland Sea ice anomalv of the 1960s. These facts. ",.ether with 
[('cent ('vidence of lclimatic jumps' in the Northern Hemisphere tropospheric circulatlOn. suggest 
the- existence of an interdecadal self-sustained climate cycle in the Arctic whIch IS flescI1Ded In 
terms of a negative feedback loop. In the Greenland Sea this cycle is ch&Iactellzed bv a state 
of large sea-ice extent overlaying a layer of cool iresh water that does not convedivelv overturn. 
which alternates with a state o( small sea-ict' extent and warm saline water that frequentlv 
overturns. 

Plume Lift-oft' under a Complete Sea Ice Cover in Hudson Bay 
R.G. Ingram, L. Veilleux. Department of Meteorology. McGill University. Montreal. Quebec 

Measurements of the temperature and salinity fields immediately offshorE' of thE' SIll at the mouth 
of the Great Whale River show the lift-off POlDt to be 2- 3 times dt'eper under SE'a H"t' than in 
open water for similar discharge. Comparison of field data for th(' undt'r ice case and predictions 
bast'd on recent laboratory and analystkal studies show disagrt'emf"nt . Discussion of the processe~ 
at work ! the importance of sea ice in reducing the level of turbulencE' , intrusions at tht undersidE' 
of the plume and evidence for supercooling under the plume Immediately offshore 01 the lift-otf 
point arf" presented . 

Large Scale Variability of ICt" Cover on Monthly and Seasonal Time Scales 
T, Agnew. Canadian C)imat~ ('entf('. Atmosph~ric Environment Service, Downsview. Ontari() 

Ic~ cover is an important indicator of regional climate variability over weekly and monthly time 
scales because it acts as an integrator of temperature trends. It is also sensitive to temperature 
trends btcausE' of its high surface area-ta-volume ratio. There is a. general consensus amongst 
Global Circulation Models that any dimatt warming, due to the increased concen'tration of 
greenhouse gases, will be amplified in the Arctic about 2.5 times the global average during 
winter. As a result ice cover is an important variable for monitoring long term trends in climate. 

Using Walsh's ice cover database for the northern hemisphere from 1953 to 1986, the distri­
bution of regional ice anomalies around the polar regions is discussed in relation to atmospheric 
circulation anomalies during the EI Nino years of 1982/83 and 1976/ 77. Walsh (1978) and others 
have demonstrated the strong relationship between temperature advection and ice cover and this 
study demonstrates it for two interesting cases. 

The northern hemisphere temperature data from Jones (1982) is used to select anomalously 
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cold and warm hemisphere and arctic years. Dift"erences in ice cover dnring these extreme years 
for eastern Canada, Hudson Bay, and the Beaufort Sea is used to develop analogues of ice cover 
changes which could be expected under a global warming scenario. 

Some Aspects of Spray Icing Modelling of Ships 
E.P. LOIDwski, W.P. Zalalewski, Division of Meteoroiol'. Department of Geography, Uninnity of 
Alberta, Edmonton, Alberta 

A brief review of approaches to the problem of modelling the spray ice growth on ocean-going 
vessels is presented. The complexity of the physical mechanisms of ship icing, which create 
considerable difficulty for the modeller, is described. Some approaches to solving these difficulties 
are outlined, and the anatomy and performance of models, developed recently at the University 
of Alberta, are discussed. 

THE RIMOUSKI EDDY EXPERIMENT 

L'EXPERIENCE DU TOURBILLON DE RIMOUSKI 

The Rimous)d Eddy Experiment 
Y. Gratton, Institut Maurice-Lamontagne, Mont-Joll, Quebec 

The llimouski Eddy Experiment is a three-year multidisciplinary research program with the ob­
jective of studying the coupling between physical and biogeochemical processes in general, and 
in the lower St. Lawrence estuary in particular. Giving the hypothesis that mesoscale perturba­
tions in the physical field have measurable consequences on biological and geochemical processes 
throughout the water column and at the benthic boundary layer, a two-year multidisciplinary, 
multi-ship sampling program was designed. Since all the processes found on the continental 
shelves are also found in the St. Lawrence estuary, we also hope to be able to export our find­
ings regarding the formation, fate and transport of organic carbon to the continental shelf/slope 
region. The physical oceanography sampling program will be presented and preliminary results 
will be discussed. 

Primary Production, New Production and Eddy Circulation in 
the Lower St. Lawrence Estuary 
A.F . Vezina, Departement d'Oceanographie, Universite du Quebec a Rimouski, Quebec 

Primary production is a major source' of the organic matter flux to the deep waters and sedi­
ments of coastal systems. The proportion of the primary production that sinks out of the surface 
layer is termed new production since it must be replaced by new (external) supplies of carbon 
and nutrients to maintain productivity. In the open ocean, vertical exchange between surface 
and deep waters is assumed to supply the new nutrients; however, horizontal transport of nu~ 
trients may be important, especially in the coastal ocean. Furthermore, much of the circulation 
variability in coastal waters is associated with motions in the 3-15 days range of periods, or 
eddy motions. This leads to the hypothesis that the eddy circulation regulates nutrient supply, 
primary production and new production in coastal areas. An area of the lower St. Lawrence 
Estuary known for eddy activity (the rumousIi eddy) was surveyed continuously over 28 days 
to evaluate this hypothesis. A 35 x 70 km grid of 47 stations was visited at six (6) occasions. 
Vertical profiles of fluorescence and nitrate to 30 m were taken at each station concurrf".ntly 
with CTD casts. Light penetration, ammonium concentration, chlorophyU, particulate carbon, 
nitrogen and protein, carbon~14 productivity and incorporation of nitrate and ammonium were 
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measured at selected stations and deptbs. Discussion of tbe r .. Dlts wiJJ focus on tbe impact of 
the eddy circDlation on new production and particDlate flux at a deep-water station occupied for 
geochemical and microbiological studies of Laurentian Trough sediments. 

Spatial and Temporal Patterns in the Vertical Flux of Particulate Matter in 
the Laurentian Trough 
N. Silverbcrs. Institut Maurice- Lamontagne. Mont-loll. Quebec 

Daily measurements of the sedimentation flux at the mid-water suspended particDlate matter 
minimum in the central portion of the- Laurentian Trough, Lower St. Lawrence Estuary were 
obtained using two fret-drifting sediment traps. each of whicb provided subsarnples from four 
1/ 8 m' surface area collecting cylinders. Between June 25 and JDly 14, 1989, the daily mean 
flux of total settling particles and their mean carbon and nitrogen contents appear to have been 
related to the lunar tidal cyde, with the minimal partide flux and the maximal organic matter 
content occurring during spring tides. 

During the 3-week period. the mean carbon content and particulate flux varied by factors 
of 3- 4. almost as much as the annual range previously observed for samples obtained over a 
5-year period. In this deep coastal environment. single-day sample collections during cruises of 
opportunity are thus not likely to reveal tht lru. scale of evenls. The presence of abundant 
chain diatoms and the patterns of pigment concentration and hydrolyzable amino acids In th~ 

trap samples indicated a rapid tranfer of photic zone material to 150-m depths during two- to 
three-day bursts of intense phytoplankton production. Spatial variability was also very much 
present, being more marked during periods of increased total flux . The- 1-2 krn separatlOn 
between the simultaneously deployed drifting traps was enough to occasionally cause radically 
different results for the mean carbon and nitrogen contents, as well as for total flux. indicative­
of the scale of palchiness in zooplankton feeding and fecal aggregate produclion. in splle 01 
the integraling effect of the 3-6 km diameter tidal excursions of the dnfting naps. (auor 01 
2-5 differences in the weight of total collected partides and in the organic matter content werf' 
frequently observed between individual cylinders of the same trap. This suggests the eXlStene-f' 
in the water column of structural elements in the distribution of settling paIllcles on the :icaie 
of metres. 

Short-Term Variations of Geochemical Profiles in Pore Waters of 
Laurentian Trough Sediments 
G.-H. Tremblay. N. Silverberg. 1nstitut Maurice- Lamontagne, Mont-Joll. Quebec 

Box cores were collee-ted daily at a site in the Laurentian Trough to study the chemical responses 
of the sediments to short-term changes in the flux of fresh organic matter. Each of the 18 cores 
was finally subsampled under N, atmosphere and the POrt walers separated and analysed for 
nitrate, ammonium, silicate and phosphate at sea within 12 hours. 

Except for a few cores the concentration profiles over 40 cm depth were very similar from 
day to day. This aHows us to assume that the variations we- observe- in the top 1.5 cm of 
the sediment reflect mainly the response to the most ree-ent sedimentation events. Preliminary 
results indicate that nitrate appears to be most sensitive, the gradients being strong,est during 
the period of highest carbon content in the sedimentalion flux . 

The concentrations of dissolved and particulate Mn were also determined in these cores. In 
addition, from companion cores which were very finely subdivided, dissolved O2 , carbon and Mn 
were also determined. 
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Bacterial Production in Deep-Water Sediments of the Lower St. Lawrence Ilstuary 
during the Ilarly Summer Phytoplankton Bloom 
S.K. J1lIliper. D.part ....... 1 d·o.e....,p.phi •• UIIi.enit' du Qu'bec • Rim ..... ID. Quebec 

Th. response of sediment bacteria to a sudden influx of phytoplankton debris was studied 
during a multidisciplinary investigation of physical and biogeochemical processes in the lower 
St. Lawrence Estuary. Box cores were collected daily at a single station (350-m depth) near the 
centro of a suspected mesoscale eddy over a period of thre. weeks in June/July 1989. Bade­
rial produdivity in the upper 8 mm of sediment was estimated from measures of 3H-thymidine 
incorporation into DNA. Sediment bacterial numbers and cell volumes were determined by epi­
fluorescence microscopy. Photosynthetic pigment, CHN, protein and carbohydrate measurements 
w ... made on all samples to reveal changes in sediment organic matte attributable to the bloom 
.vent. Results suggest a dose short-term coupling between sediment bacterial produdivity, sed· 
imentation of phytoplankton debris and water column events. Sediment bacterial productivity 
increas<d by a factor of 2-3 during the phytoplankton bloom before falling off to intermediate 
I~v('!ls , A similar pattern was noted in parallel studies of bacterial enzymatic activity and pore 
water nutrients in the same boxcores. Previously reported catabolism of exogenous thymidine 
by sedim.nt barteria was prevalent at th. study site. such that activity of the 3H label was 
gre.,t .. t in the RN A fraction of bacterial cell extracts. This catabolic activity varied significantly 
during the study period but showed no clear relationship to nutrtent avatiabilitv or 'he raLe of 
thymidin. incorporation into bacterial DNA. 

OCEANOGRAPHY-l AND INTERNAL WAVES 
OCEANOGRAPHIE- l IlT VAGUES INTERNES 

Observations of Currents in the Northeast Pacific 
H.J . Fredand, P.F. Cummins, Institute of Ocean Sciences, Sidney, British Colwnbia 

The- first ('urrent measurements from the Alaska current were' obtained from a current meter 
mooring deployed in 4000 m of water at 49°34'N and 138°40'W. near Station Papa. The moonng 
was in place from May to October 1989 and carried 5 curren I meters which spanned the depth 
of the water column. The current measurements are described and compared with results from 
a quasi.geostrophic numerical model of the northeast Pacific. 

Th< flow in the upper layers of the water column is highly polarized in the north·south 
dirortion and is characterised by long·period (-100 days) time scales of variabilitv. At abyssal 
depths, the flow displays shorter (-20 days) time scales of variability and without a preferred 
dir .. tion of motion. A modal decomposition shows that over 50% of the eddy kinetic energy 
is in the first internal mode. The model results suggest that the abyssal flows are due to a 
barotropic response to synopti(" storm activity. 

Low Frequency Subsurface Currents of the Northeast Pacific 
D.E. Williams, Department. of Physics, Royal Roads Military Collele. Victoria, British Columbia and 
Canadian Forces Flut School, Halifax, Nova Scotia 
D.P. Kraud, Department of Physics, Royal Roads Military Collele, Victoria, British Columbia 

Twenty-four ARGOS-tracked buoys drogued between 100 and 150 m were deployed east of Ocean 
Weather Station P during the late spring (13 buoys) and fall (11 buoys) of 1987 and tracked for 
approximately one year. Under conditions of shong atmospheric forcing, currents at drogue depth 
are coherent with local geoslrophic winds to the extent that they are valid predictors of the local 
surface winds. Buoys drogued slightly above the permanent pycnocline show more coherence than 
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those with drogues contained within this feature indicating reduced current/atmospherie coupling 
with depth. ~peetral results show that winds and currents art generally more coherent in winter 
when the wind foreing is greater. 

Several buoys beearne entrained in three long-duration mesoseale eddy-like features 550 km 
west of Vancouver Island. One cydonic and two anticyclonic eddies are mapped for up to 
10 months and are observed to rotate at frequencies of 0.1 to 0.05 cpd. Eddy radii are estimated 
to range from 20 to 60 km which is consistent with the internal Rossby radius of deformation, 
and angular speeds are seen to decreast with time. The meridional displacements of the eddy 
eentres of curvature can be explained by conservation of potential vorticity. 

The Nonlinear Critical Layer for Topographically Forced Internal Waves 
J.F. Scinocca, W.R. Peltier, Department of Physics. University of Toronto, Toronto, Ontario 

Nonline&l numerical simulations of stratified flow over two-dimensional topography for upstream 
conditions of uniform horizontal wind (U) and stability (N) have proven useful in the understand­
ing of severe downslope windstorms. The essential result from such analyses is that "'breaking" 
in the primary internal wave field launched by topography is the trigger which causes the subse­
quent evolution of the flow into the .. vere downslope windstorm state (Peltier and Clark. 1919). 
The sole non-dimensional governing parameter in such circumstances is the inverse Froude num­
ber FT = Nh / U (where h IS maximum topographic height) which provides a measure of the 
nonlinearity of the internal waves that are launched by the topography. 

In an effort to clarify and further understand the mtthanism by which this transformatIon 
is nucleated, a critical level has been introduced into the imposed upstream flow. This has 
been achieved by employing a hyperbolic tangent profile of horizontal wind such that the shear 
is localized at some elevation Zc and aysmptotic to some value -U above and li below this 
level. In this modified problem there now occur three non-dimensional governmg paIameters: the 
inverse Froude number FT, the height of the imposed critical level Ze / A, (where A, = 2"U/ N 
is the hydrostatic vertical wavelength of the primary wave field), and the mmimum gradient 
Richardson number Ri(Z = Ze). To date, the long term characteristics of such flows have been 
considered only as a function of the height of the imposed critical level (Clark and Peltier, 1984) 
and of the inverse Froude number FT (Durran, 1988; Bacmeister and Pierrehumbert, 1989). 
Results from the latter two investigations have led the authors to consider one layer hydraulic 
theory (Smith, 1985) to constitute the most viable explanation of the severe windstorm state. 

Through a systematic investigation of the third and final parameter in this problem, we have 
found the temporal evolution of the flow to be strongly dependent on the minimum Ri imposed 
at the critical level in the initial flow. The sense of this dependence is such that. as Ri is 
decreased towards a value of 1/ 4 in the background flow. the transition to the severe windstorm 
state is progressively delayed and can in fact be entirely prevented from occurring. Since the 
imposed value of Ri is crucial to the evolution of the flow into the fully developed storm and 
because such parameter is beyond the scope of hydraulic theory, these results serVe to undermine 
rather than reinforce the validity of the hydraulic view. 

Transition to Turbulence via Kelvin-Helmholtz and Holmboe Instabilities 
W.D. Smyth, W .R. P~lti~r, Department of Physics, University of Toronto, Toronto, Ontario 

The occurrencf" of shear layers containing regions of stable density stratification is common in 
both the atmosphere and the oceans. The evolution of a stratified shear layer for which the bulk 
Richardson number J Ii .. near the value 1/4 is of particular interest for a number of reasons. 
If the depth of the stratified region is comparable to or greater than that of the shear layer, 
then the unstable Kelvin-Helmholtz (KH) mode which exists in conditions of weak stratification 
disappears when J exceeds the value 1/4, at which point the flow becomes stable. If, however, 
the stratification is concentrated in a thin region surrounding the centre of the shear layer I the 
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stability charaderistics '1f the fI'1w are markedly dift'erent. In this ease, when J exeeeds a eedain 
value, whieh is nQt less than 1/4, KH instability is replated by H'1lmb'1e instability, an '1scillat'1ry 
disturbanee having the appearanee Df a standing wave. 

The linear analysis '1f disturbanees t'1 fI'1ws l'1eated near the KH-H'1lmb'1e transiti'1n has re­
vealed that a sufficiently vise'1us stratified shear layer may bifureate direetly int'1 a fI'1w exhibiting 
dependenee up'1n all three spatial e'1Drdinates with'1ut the need f'1r an intervening two-dimensiDnal 
state. This three-dimensi'1nal primary instability is pr'1bably resp'1nsible f'1r the three-dimensi'1nal 
strudures which are observed in laboratory realizations of Holmboe waves. 

The ev'1luti'1n '1f finite-amplitude KH and H'1lmb'1e waves has been examined using a fully 
n'1nlinear, two-dimensi'1nal, time-dependent numerieal m'1del. We have a1s'1 tested the stability 
'1f the resulting nDnlinear waves t'1 three-dimensi'1nal disturbanees, and have f'1und that str'1ng 
see'1ndary instability appears very early in the ev'1luti'1n '1f these waves. The gr'1wth '1f unstable 
mDdes is driven primarily by the shearing def'1rmati'1n whieh is present in the basie states and 
by convective activity due to overturning of the isentropes. As overturning is a more dominant 
feature in KH waves than it is in Holmboe waves, the former are in general more unstable to 
three-dimensiDnal disturbanees than are the latter. The dependenee '1f gr'1wth rates up'1n the 
span wise wavenumber exhibits no sign of a preferred spanwise length scale, but rather reveals a 
tendency for growth rates to increase monotonically with increasing wavenumber. This suggests 
that the instability '1f the n'1nlinear wave states is eapable '1f injeeting energy direetly int'1 the 
smallest scales of motion, i.e. that the two-dimensional waves evolve directly into a turbulent 
state. 

Shelf Wave Seattering by Estuaries and Headlands 
T.F. Stocker, Department of Meteorology, McGill University, Montreal, Quebec 
E.R. Johnson, Department of Mathematics, University College, London, England 

Reeent '1bservati'1ns '1n the Se'1tian shelf (Canada) and in Bass Strait (Australia) have pr'1mpted 
new interest in how coastally trapped waves ale influenced by strong topographic and coastal 
irregularities. A e'1neeptual study addressing the questi'1ns '1f wave seattering is presented. The 
linear barotropic conservation equation of potential vorticity is solved on a straight, infinite shelf 
with exp'1nential depth pr'1file interrupted by a rectangular estuary '1r headland. Negleeting 
the barDtr'1pic Kelvin wave and assuming n'1 flux thr'1ugh the shelf-'1eean b'1undary all'1ws the 
analytic ealeulatiDn Df the dispersiDn relati'1n and the n'1rmal mDdes in the shelf and the estuary 
Dr headland regi'1n, respectively. SDluti'1ns are then '1btained by m'1de matehing. 

Two cases are studied. In the shallow estuary region the cutoff frequency of shelf waves 
is larger than on the shelf. Hence, propagating modes exist in the estuary that are evanescent 
'1n the adjacent shelf. In partieular, at least '1ne trapped m'1de is present independent '1f the 
geometry and topography of the estuary. Wave motion is mainly in the estuary. For narrow 
estuariE's thiS trapped mode is located alound the estuary mouth with a large along-shelf decay 
scale and a frequency slightly larger than the shelf eut'1ft'. L'1ng shelf waves approathing the 
estuary are strongly scattered into a transmitted long wave and a backscattered short wave. At 
particular frequencies either complete transmission or reflection occurs. ]n the latter case the 
incident wave is in resonance, and shelf wave motion is well established in the estuary. 

A headland is a less efficient scatterer. At no frequency does complete reflection occur. For 
large en'1ugh frequendes inddent shelf waves eann'1t pr'1pagate abreast the headland and are 
evanescent there. Nonetheless, a portion of the wave energy always tunnels through this region 
and appears as an attenuated wave on the other side. 

An '1utl'1'1k is given h'1w the results ean be applied t'1 m'1re general ge'1metries. 
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TRlGRlD - An Interaetive Graphical Software Package for Generation and 
Editing of Irregular Triangular Grids 
R.F. Henry, Institute of Ocean Scien<::et, Sidney. British Columbia 
R.A. Wallen, U.S. Geolocical Survey, Tacoma, WuhinPOD, U.S.A. 

This posler describes recent progress in developing a set of portable interacti ... graphics programs 
for design of irregnlar triangular grids. The software was developed on a VAX computer, but has 
been ported recently 10 Sun and Apollo ... orbtations and to personal computers. It is in use at 
several sites for development of grids suitable for finite element shallow ... ater models. Compared 
with manual preparations of grids, this largely automated, interactive approach requires much 
I ... time and e/Fort. It is also far 1 ... prone to bookkeeping errors. 

The package prondes irregular triangular grids .. hich take the following conflicting design 
needs into account: 

(a) accurate fitting of coastlines; 
(b) maintenance of near-equilateral triangle shape so as to ensure accurate interpolation duriDg 

subsequent model calculations; 
(c) maintenance throughout the model domain of nearly uniform spatial sampling per wave­

length, so as to minimize modelling computation time. 

For shallow water models, condition (c) can be restated as a need to make triangle area 
proportional to mean .. ater depth. In fact, the software permits element area to be geared to 
any scalar fundion defined over the model domain. 

An important component of the package is an interactive graphical «rid edilor which fa­
cilitates modification of grids. For instance, extra nodes can be inserted where model results 
indicate more detail is needed, or nodes can be moved or deleted if reqnired. The editor also 
permits visual checking of grid properties through a facility for colouring nodes or triangles ac­
cording to various criteria. Other programs permit subdivision of a large grid into two or more 
small grids suitable for local models or the joining of separate, adjacent grids into a unified grid. 

Relationship between Infrared AVBRR Satellite and Ship Temperature Data 
in the Gulf of St, Lawrence 
D. LeCaivre, Institut Maurice-Lamontagne, Mont-loll, Quebec 
A.R. Condal, M. Lavoie, Departement des Sciences Geodiuques et Teledetection, Universite Laval, 
Quebec. Quebec 
V.G. Koutitouky. wtitut de la Recherche Scientifique-Oceanolope. Rimouski, Quebec 

Sea-surface temperature using infrared AVHRR data from NOAA satellites are becoming of com­
mon use because of their ability 10 provide a synoptic °view of the horisontal structure. Com­
parison with measurements at sea has been made in tbe open ocean. Comparison in coastal 
waters and inland seas remains to investigate in details. Influence of the land air-mesaes over 
the body of water add to the existing difficulty in calibration. The northern part of the Gulf 
of St. Lawrence has been investigated under the COHJAC program (Circulation, Oceanography 
and Hydrography of Jacques Cartier Strait). CTD casts as well as bulk lurface temperature 
data have been gathered in 1896 to 1989 by ,hips' observations. The satellite temperature map 
is compared and merged with in ,it" temperature measurements. Regression between ship data 
temperature and the data nom the 3 thermal channels of tbe satellite will be presented. lnJlu­
ence of atmospheric constituents in the area, mainly water vapour, is already UDder investigation. 
The presentation will focus on the day and night variation of this regression. Also of interest is 
the divergence of the regression coefficients as a function of the time difFerellce between the ship 
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obs.rvation and the satellite m .... ur.m.nt. Tim. scal. of this div.rgeuc. can be related to the 
time scale of oceanograph.ic features in the area. 

An Upper Layer Model for the St. Lawrence Estuary 
J .A. Stronach, Seaconsult Marine Research, Vancouver. British Columbia 
B. Tessier, In.titut Maurice-Lamontagne, Mont-Joll. Quebec 
T.S. Mully, Institute of Ocean Sciences, Sidney. British Colwnhia 
M.I. El-Sabh. Departement d'Oceanologie, Universiti du Quebec a Rimouski, Quebec 

The num.rical model GF4, was d.v.lop.d to d.scrib. the upper layer of the Strait of Georgia. 
Modifications have been made to GF4 in order to apply it to the St. Lawr.nc. Estuary. The 
resulting model has been Iun under various conditions of river, tide and wind forcmg. 

The model results indicated that the lower estuary is capable of accommodating comple" 
cross-channel modes of oscillation whose length scales are in accord with observations. Future im­
provements should include a baroclinic layer and a more rigorous treatment of the open boundary 
conditions. 

The Influence of Fresh Water Forcing on the Low Frequency Dynamic. of 
Coastal Waters 
J.D. Pictuak, P.H. L~Blond, Department of Oceanocraphy, University of British Columbia, Vancouver, 
British Columbia 

Th. analysis of data coDected during the Coastal Ocean Dynamics E"p.rim.nt off Vancouv.r 
Island will be presented. Current meter data from mooring lines oft" Brooks Peninsula, Estevan 
Point and Carmanah Point are compared with simple analytical models, which are used to assess 
the influenC'e of Juan de Fuca Strait on low frequency current fluctuations. Data from the summer 
period (May- September 1980) are analys.d in order to reduce the .ffecls of wind forcing and to 
concentrate on the influence of fresh water forcing from the strait. 

Locally Generated Tsunamis in the Strait of Georgia 
D. Dunbar, Seaconsult Marine Reseuch. Vancouver, British Columbia 

Th. response of tho Strait of Georgia to the local generation of tsunamis has been studied 
with the aid of a modified numerical model of the Georgia-Fuca-Pug.t Sound syst.m. Four 
potential sources have bet"n examined: vertical motion of the sea bottom resulting from a dip­
slip earthquake- along tht" Gulf Islands Faulti generation of a seiche from energy arriving from 
a distant great earthquakt": submarin~ turbidity flows occurring at the heads of Howe Sound 
and J<rvis Inlet: and a larg. turbidity flow originating off Robert's Bank in the Fraser Riv.r 
Dtlta. The latter SOUle. was found to result in the largest water levels. This study has included 
tht dtvelopment of a simple discrete particl. model of turbidity flow that tracks the motion of 
individual mass elements responding to the force of reduced gravity, a quadratic friction law, 
and the local bottom slope. The depth change in each model grid ceD (2 x 2 km) is calculated 
by differencing the contributions nom all mass elements in each cell between successive 20s time 
steps. 

Numerical Modelling and Benthic Boundary Layer 
A.K. Ray, F1md.amental Re~uch m.titute, OUawa, Ontario 

V.ry powerful comput.rs are need.d to .volv. mod.ls of the atmosph.r. that could, for research 
purposes, endeavour to understand atmospheric circulations better. The usefulness of such mod­
els of atmospheric circulations led to the idea of using them to model ocean circulatioDs because 
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the ocean forms 70% of the bottom boundary of atmospheric models. Under simplifying .... ump­
tions, governing equations of motions were initially re-structured and analytic.ally solved with 
do.ed solutions. However, discrepancies with observed values (either at laboratories or fields) 
were later noted and efforts were made to include non-linear terms in a more adequate fashion 
that led to the early numerical models. The present author intends to focus upon numerical 
simulation models based on finite difference. with sophistication in quality (for accuracy in nu­
merical calculations) by the "throw-back" technique of numerical mathematics while investigating 
the structural dynamics of the benthic boundary layer (Z.: Prandtl, Ekman and Geostrophic 
layers) whose characteristic. are still poorly known (Refs. 1,2,3). 

References 
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Canadian Forcel Weather Services - 50 Years and Growing 
D.W. Bancroft, Maritime Forces Pacific Headquarters, Esquimalt, British Columbia 
R.K. Cross. National Defence Headquarters, Ottawa, Ontario 

The Canadian Forces Weather Service. (CFWS) have provided meteorological and oceanographic 
services to the Department of National Defence for over 50 years. Originally formed in 1939, 
the CFWS now employs over 100 meteorologists and other professionals in an operational and 
administrative role. In addition, there are about 300 military meteorological technicians who 
provide administrative, briefing and observing funetions. The CFWS has 17 operational offiees 
across Canada, of which three are major weather centres. In addition there ate two offices abroad 
serving Canada's NATO commitments in Europe. 

A display of the various operational products and services of the CFWS will be presented. 
A. the buIlt of the CFWS resources are aimed at support of aviation activities, much of the 
display will be oriented towards aviation. 

While efforts to support the air and land elements of the Canadian Forces continue to receive 
attention by the CFWS, maritime services are on the upswing. Tactical Environmental Support 
Teams (TEST'.) have been reeently developed; these mobile teams are capable of deploying 
operationally with Canada's Maritime Forces on major exercises. The display will also outline 
the TEST capabilities. 

In honour of a half-century of providing weather and oceanographic services to DND, a 
History of the CFWS has been prepared which include. major highlights of the past 50 year •. 
Copies of this booklet will be available at the display. 

Oceanic Climatological Information from Special Sensor Microwave/Imager Data 
A.F. Davies, I.G. Rubinstein, R.O. Ramseier, Microwave Group, A.E.S./Centre for Research in Earth 
and Space Science, Institute Space and Terrestrial Science, North York. Ontario 

Sea surface and meteorological paramters over the oceans derived from Brightness Temperatures 
provided by the Special Sensor Microwave/Imager have been in use for research and experimental 
operational meteorology purposes for several years. In general the equation. and procedures used 
give values of such parameters as wind speeds at several heights, ram rates, total water vapour 
and atmospheric liquid water at .pacings of 25 km, in 14 swath. per day which are 1400 km wide. 
The values of the derived parameters, while suitable for operational purposes, tend to either ex­
ceed or fall short of the range of values found in conventional ship and buoy data, or as derived 
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from synoptic m.teorological analy .... Ho .... v.r. for climatological pnrposes. aft.r-the-fad pro­
c.ssing of the data using rang. correction procedures. pres.rv.s the high d.nsity of ohservation. 
with the detail.d information it contains. &I .... 11 as confirming to the distributions found in any 
selected calibrating data. illustrations from the north.ast.rn Pacific. the north ..... t.rn Atlantic. 
and the Gulf of M.xico will b. us.d to d.monstrat. these id.as. 

Field Intercomparison of Three Current Meters in an Environment Free from 
High Frequency Motion 
P. Larouche, Institut Maurice-Lamontape l Mont-loll, Quebec 

An intercomparison of three different types of current meter was performed in an Arctie environ­
ment where wave action was absent, permitting the evaluation of the instIuments under natural 
conditions of weak currents and cold water. The instruments were an Aanderaa RCM4S, an Inter 
Ocean S4 and an EG&:G-N.il Brown Smart Acoustic Curr.nt Meter (SACM). Th. S4 and the 
SACM both showed th.ir ability to measure very smull curr.nts as opposed to the RCM4S which 
is limit.d by a m.chanical rotor thr.shold. Th. agr •• ment of the dir.ction was b.tt.r b.tw •• n 
the RCM4S and the SACM than between the RCM4S and the S4. Du. to the misalignm.nt 
of the Aanderaa vane in very weak currents, direction differences between the instruments of 
either pair can. howev.r. reach 180'. The misalignm.nt also shields the Aand.raa rotor l.ading 
to underestimation of current sp.ed. The threshold for a good speed r.ading for the Aand.raa 
can be put conservatively at 5 em s-'. Above this valu •• the RCM4S ov.rr.sponded compar.d 
to both the S4 and the SACM. The source of that probl.m seems to b. relat.d to diff.rent cal­
ibrations of the instruments. Finally a power sp.ctrum analysis sho ... ed that the RCM4S. wh.n 
not influenced by wave action, can produce a measure of energy as good as that of a vector 
averaging instrument. 

The Role of Ice Phase Processes in Cyclonic Storms 
S.R. Macpherson, Department of Geography, University of British Columbia, Vancouver, British Columbia 

Considerable improvement in our understanding of mid-latitude cyclones has taken place over 
the last decade, due in large part to observational and numerical studies of cyclogenetic events. 
The problem of rapidly deepening storms, or "bombs", is of special interest due to their impact 
on man's activities. Added insight into cyclogenetic processes can be gained by studying this 
type of storm. 

Instense cyclogenesis can be viewed as resulting from many physical processes which are 
interacting at a particular location in a manner which supports "self development". Diabatic 
processes such as surface heat fluxes and condensation ar~ re("ognized as being important to storm 
development. Oth.r diabatic .If.cts which have not been fully examin.d are the phase change 
processes related to the ice phase. It is demonstrated that these effects are far from insignificant 
in determining storm structure and development and are a critical factor in explosive deepening 
events. A conc.ptual model of bombs which includes important ice phase elfects is present.d. 
The model is support.d by climatological data as w.ll as individual case studies. 

Thermohaline Structure in the Rimouski Eddy Region: Summer of 1989 
P. Vinet, Departement d'Oceanocraphie, Univenite du Quebec a Rimouski, Quebec 
Y. Gratton, Imtit~t M.aurice-Lamontagne, Mont-Joli, Quebec 

The first half of the physical oc.anography field program of the Rimouski Eddy Exp.riment (see 
sp.cial session: "Th. Rimouski Eddy Exp.riment") was held in the summ.r of 1989. An area 
of the low.r St. Lawr.nce estuary known for eddy activity was surv.yed continuously for ov.r 
28 days (two n.ap-spring tidal cycles). A 35 x 70 km grid of 72 stations were visited on six 
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occasions yielding 398 CTD profiles. Twenty-live current meters distributed among si:J: moorings 
were positioned in the eddy and south shore jet region. Preliminary results on the structure of 
the eddy and the general circulation are presented and discussed. 

Variations Spatio-Temporelles dans I'Aetivite Enzymatique Bacterienne dans 
Ie. Sediments Profonds du Chenal Laurentien 
C. Lavigne. K. Juniper, Departement d'Oceanocraphie. Universite du Quebec a Rimou.k:i, Quebec 

Des variations spatio-temporelles, a petite «helle, dans l'activite bacterienne, Ie nomble de 
bacteries et Ies concentrations en pigment photosynthetiques ont et~ etudiees simultanement a 
un. meme station (350 m), au centre du tourbillon de Rimouski. Afin d'etudier la vanabilite 
temporelle, des carcites ont eie prelevees quotidiennement a l'aide d'uo caroHier a boite, pen­
dent une periode de 21 jours (25 juin au 14 juillet 1989). D'autres carottes ont ete divisees, 
de fa~on aleatoire en sous-caroUes et chaque sous-caroUe a ete divisee en six parties egales. 
Cette methode d'echantillonnage nous a permis d'etudier la variabilite spatiale. a petite echelle. 
a trois niveaux difFerents. L'activite enzymatique bacterienne a ete mesuree en dosant l'activite 
hydrolytique d'une glucosidase et d·une protease a l'aide des substrats ftuorogeniques MUF tels 
que 4-methylumbelliferyl-B-D glucoside et L-leucme-4-methvlcoumarinyl-7-amide HCL. Le rapport 
entre les deux enzymes a ete caJcule. Le nombre de bacteries et la biomasse bacterienne ont ete 
determines par microscopie a epifluorescence. On observe une augmentation du rapport entre 
les deux enzymes pendent la periode echantillonoee ainsi que des changements dans Ie nom bIt' 
total de batteries dans les sediments. Les concentrations en pigments photosynthetiques dans les 
sediments ftuduent en fonction du cycle des marees. 

Utilisation d'lndices Biochimiques dans I'Etude de. Interactions Bentho-Pelagique •• 
Tourbillon de Rimouski (Rimouski Eddy) 
P. Martineau, C. Lavigne, K. Jwri~r, A.F. Velina, D~partement d'Oceanographit', Universitc du Qu~bt'c 
a Rimouski, Quebec 

La sensibilite d'indicateurs biochimiques teis Ies proteines f"t Ies carbohydrates est testee dans 
retude des variations de la produdivite heteotrophe dans Ies sediments sur une echelle spatia­
temporelle en liason avec Ia production primaire en surface. L'echantillonnage de sediments 
vaseux a ete effectue au moyen d 'un carottier 8. bOlte 8. 350 m de fond dans Ie chena! laurentien 
(Quebec) au debut de l'ete 1989, periode recouvrant Ie bloom phytoplanctonique. 

L'extraction et Ie dosage des prot~!:ines et des carbon hydrates sont realises seloD Ies methodes 
respectivement de Lowry (1951), Stein (1973), Dubois (1956), et Liu (1975). adapt';" aux 
sediments par Le Coz (1985). Les variations temporelles de ces parametres biochlmiques sont 
etudiees en relation avec des mesures de chlorophylle, de CHN efFectuees parallelement dans Ies 
sediments et la colonne d'eau. 

Comparison of Two Methods for Studying the Structure and Micro-Disribution of 
a Guild of Deep-Water Benthic Polychaetes in the Laurentian Trough 
(Rimouski Eddy) 
B. Soucy, C. Brusard, G. Desrosiers, K. Juniper, Departement d·Oc~ano~raphie. Univenitc du Quebec 
a Rimouski, Quebec 

The sediment infauna of the Laurentian Trough near the centre of the Rimouski Eddy was studied 
using a 0.25 m' USNEL boxcorer. The fauna is dominated by polychaete worms. The three 
principal species, in order of importance, are Myri«hel. h •• " (O.eniidae), Ampha,..l. aculjfron. 
(Ampharetidae) and N .... ;, "./GgICG (Nereidae). All are surface deposit feeders. The standard 
technique of sieving sediments and identifying and enumerating organisms was compared witb 
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identification and counting of worm tubes and burrows in photographs of the surface of intact 
boxcores prior to sieving. For the three dominant worm species, data yielded by the two methods 
were similar with respect to frequency coefficients. However, in some case., absolute abundances 
were lower in the photos than for .ieved samples of the same sediments. This is in part a result 
of disturbance of the core surface during sampling which obscured surface openings of tubes 
and burrows, and in part due to lighting deficiencies in photographs which were later corrected. 
It appears that th ... two techniques are complimentary. The first (sieving) permits correct 
identification of species and their respective tubes and burrows. The photographic method, 
based on the visual recognition of In b.. and burrows, allows determination of the structure 
of the annelid population in less than 10% of the time required for sieving and sorting, thus 
permitting the treatment of a greater number of samples. In addition, the small-scale spatial 
distribution of the infauna can be determined more rapidly and with greater precision in digitised 
photographs than through sieving and sorting. This will be of particular interest to modelling 
studies of the efreets of bioturbation and bioirrigation on sediment geochemical processes. 

Premieres Observations Photographiques de la Megafaune et de la Bioturbation 
dans Ie Chenal Laurentien (Zone Tourbillon de Rimouski) 
A. Mauviel, C. Brassard, Departement d'Oceanosraphie. Univcrsite du Quebec a Rimouski, Quebec 

En juillet 1989, 240 photographi .. du fond ont ete prises dans la zone Tourbillon de Rimouski, 
(profondeur = 350 m). Ces photographies representent une surface totale de 275 m'. La 
megafaun~ peu diversifiee est domine~ par nne ophiure epibenthique (OphivN ,arli, densite = 
9.2 individus/m') et par un polychete dela famille des Aphroditidae (densit. = 5.3 individus/m'). 
La bioturbation est liee a l'activite fouisseuse des echinodermes, d'une profondeur maximale de 
5 em dans Ies sediments. Les traces dominantes sont trois types de terriers. Un de ces terriers 
(densite moyenne = 3.2 terriers/m') est construit par un decapode et peut atteindre un diamehe 
de 4 em et une profondear de 25 em, pertubant intensivement Ies sediments. La distribution 
spatiale de 1& mega.faune et des traces animales est heterogene a I'interieur de la lone etudi« 
(30 km 2

) et doit eLre essentiellement influencee par les apports verticaux. 

Model Simulations of the Drift and Spread of the Exxon-Valdez Oil Spill 
S. Venkatesh, Atmospheric Environment Service, Downsview, Ontario 

In this paper the drift and spread of the Exxon-Valdez oil spill that occurred on March 24, 1989 
al(, simulated using a modified veIsion of the Canadian Atmospheric Environment Service oil 
spill behaviour model. The mod.l simulations show that the movement of the oil out of Prince 
William Sound and beyond is sensitive to the wind/ocean current combination. The net drift of 
the oil with wind and ocean currents taken into account is three to fOUl times that with either 
wind or ocean currents only. While 12-day drift of the spill containing the higher concentrations 
of oil parcels is in very good agreement with observations, model simulations show the presence 
of oil farther to the south, albeit in lower concentrations. The lateral spread of the oil is also 
very weU simulated by the model. 

Recent Developments in the Chemical Analysis of Marine Toxins 
R. Pocklington, Bedford Institute of Oceanography, Dartmouth, Nova Scotia 
M.A. Quilliam, Atlantic Research Laboratory, NRC, Halifax. Nova Scotia 

The standard method for detecting marine toxins in seafood is the mouse bioaasay. Although ad­
equate for protection of public health, this method gives little information on toxin composi~ion. 
Instrumental method. of chemical analysis have the advantage of greater sensitivity and selec­
tivity. This paper will review the recent application of high performance liquid chromatography 
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to the determination of amnesic .hellii.h toxins (domoic acid and related compounds) and para­
lytic shellfish toxin. (aaxitoxin and related cOIIIPounds). Detection by a variety of "hyphenated" 
techniques (UV-DAD, FD-FMOC, and lon-Spray MS) will be compared. 

FISHERIES OCEANOGRAPHY-S 
OCEANOGRAPHIE DE LA PECHE-3 

Dominance of Biological Factors in Determining the Abundance and Distribution of 
Fish Stocks 
T. Laevastu, Aluka Fisheries Science Center. NMFS, Seattle, Washinston. U.S.A. 

Past fisheries research has been St"8Iching predominantlv "'singl~-factor correlations" between envi­
ronmental processes and anomalies on ODe hand and recruitment to and abundance of exploitable 
parts of fish stocks on the other hand. However, Ihe fish ecosystem is affected concurrently by 
many environmental as well as biological factors and conditions, the influences of which varv 
in space and time. The influence of several biological rather than environmental factors usualh' 
dominate within the ecosystem. 

It is shown that resoul<"~ assessments can bE'. dDO orten aft> . . rront>ous lnG. :')nSfOQUemJ" 
ft'Cfultment vanatlons are misinterpreted, e.g. by not consldermp: tht' d lan2es m nsnmll ;)auerns 
over time which affect the apparent age composItIon of C'xplOitable stocks. it IS also shown 
that recruitment at higher latitudes is largely controlled by predator and prey density-dependent 
predation. The effects of environmental anomalies on recruitment (such as the effects of wind· 
induced current anomalies in transport of larvae and chanR;mg predator·prev overJap of eifeC't of 
temperature anomalies on delay of spawning) are very diffkult, if not Impossible, to demonstrate 
and verify and would have very little if any influence on recruitment variations if the latter is 
greatly affected bv densltv-dependent predation. 

The distnbutlOn of environmental parameters and anomalies cannot affect fish distnbuuon 
" by choice" (i .e. fish searching for some -optimum environmental conditions" ) as 1S often as­
sumed, as fish do not have any a prior: knowledge of t,he distlIbutIons of environmental vanaOles. 
(nor does it have an oceanographic svnoptic reporting and anaiysls "!i,'<tt"m at hand, which even 
large nations seem to be Imable to organize). HowE-ver. most fish are In constant mov"'llf'nt 'n 
search for food and / or their migrations are affected bv innate seasonal and 11fe-cyrie ' -'"aUlr~ 

ments. Migration speed is affE-cted by water temperature Iphvsiolo'tical effects), abundance ) 1 

food on migration rout~ (feeding behavioral asp~(' tsl . ac; w" ~ 1 ~s nv it>nth k omplex mteractlons 
with diurnal vertical migrations and presence of bottom. e"· . fh~ nt "raC' Hon hptwPfon ,sn mI­

gration and migration-affecting environmental factors ("an atft'ct the ' I i s trl DUUOn f :"D t",,!es ana 
even determine the plausible locations of fish aggre~atlOns . f hls IS .tf'monstrattd wan : U!1lt"tICa J 

simulation. in which it is shown that most known mlgratlon-atfeC'tmlZ factors and orocessf'S 'TIll).t 

be included in such simulatIOns to represent realistiC' conditIons 

The Importance of Oceanographie Conditions in the Dynamics of Chum and Coho 
Salmon Populations of a Small Vancouver Island Stream 
L.B. Holtby, J.C. Scrivener. D.l. Blackburn . B.C. Andersen. Pacific Biological Station. Nanaimo, British 
Columbia 

After 1-5 yr in the oc:ean Pacific salmon return, with great precISion, to their natal streams to 
spawn. This characteristic: permits researchers to accurately measure survival and growth rates 
in the ocean by coun~ing and sampling the fish entering the ocean and the survivors on their 
return. We have collected such data for two speeies of Pacific salmon as part of a 19-yr multi­
disciplinary study of the impacts of logging on a small salmon stream in a coastal rainforest. 
For both species, more than 50% of the total inter-annual variability in numbers can be ascribed 
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to variat.ion in marine survivals, wit.h the remainder ascribable t.o variation in stream conditions. 
Correlative models are pre.ented which relate survival and growth to biological characteristics of 
the young fish entering the ocean and various oceanographic variables. For coho salmon, marine 
survivals .. ere positively correlated with early ocean growth rates, which were in turn positi.,ely 
correlated with summertime sea-surface salinities 01T the northwest coast of Vancouver Island. 
Variation in the biological characteristics of coho salmon smolts had no detectable elTects on 
marint" survival or growth. The marine survival of chum salmon was also positively correlated 
with sea-surface salinities. Chum salmon survivals were also correlated ",ith their numbers (+), 
size (+) and timing of peak emigration (early migration led to higher mortality). For both 
species, we suggest that interannual variability in survival was being driven primarily by changing 
ocean conditions alTecting early ocean growth rates and consequently predation losses. 

The Lake Ontario Salmon Fi.hery: Here to Stay? Gone Tomorrow? 
F . Boyc~. National Wat~r Research Institute, Burlin,ton, Ontario 
W. Flint, Great Lakes Program, St.t~ University of New York at BuHalo, N~w York, U.S.A. 

Pacific Salmon are among several exotic species introduced into the Great Lakes in the past 
century; they are now the mainstay of a basin-wide sport fishing industry valued at $2.6 billion 
annually. In the main body of the lake, thanks to both physical and biochemical attributes of 
the system, salmon are able to flourish. Salmon stocks are, however, maintained by a hatchery 
program; very few natural spawning tributaries that supported landlocked Atlantic Salmon in 
the last century remain suitable for salmon today. Parallel to the increase in Pacific Salmon, the 
phosphorus input to the Great Lakes has been reduced (mainly through secondary treatment of 
domestic sewage) in order to reverse a perceived trend to unacceptable eutrophication. Today it is 
thought that the productivity of fish in Lake Ontario is at an all time historic level but it is also 
thought by some investigators that the relatively low levels of primary productivity achieved by 
phosphorus control may not be sufficient to maintain the Pacific Salmon fishery. Other students 
of the Lake Ontario system argue for continued reductions in nutrient input in order to reestablish 
the earlier and presumably stable food web crowned by a naturally reproducing population of 
lake trout. Debates of this kind will be common if the concept of sustainable development is 
to be implemented. In addition to the debate concerning the stability of a put-and-take salmon 
fishery and a self-sustaining but possibly less productive lake trout fishery, there are widespread 
concerns with persistent contaminants in Great Lakes waters. It seems clear that contaminants 
are harming the fish-eating components of the non-human food web, including long-lived fish. 
Tht"rt" is little evidence from data averaged over the whole human population that contaminants 
in Lake Ontario water pose a threat to human health, but when the data is restricted to the 
subgroup that regularly consumes Great Lakes fish (salmon in particular), another story may be 
e-me-Igmg. 

Relative Contributions of Interannual Change and Seasonality to Variations of 
Reproduction in Some California Current Region Pelagic, Meso-Pelagic and 
Demer.al Fishes 
P.E. Smith, H.G. Moser, Southwest Fisheri~s CeDtu, National Marine Fisheries Servi.ce, La Jolla, 
California, U.S.A . 

The long-term (century) changes seen in scale deposition rates of pelagic fishes in varved sediment 
deposits can now be related to direct measurements of population parameters in the presence of 
significant oceanographic changes. In the intermediate term (decade), monthly records of seasonal 
reproductive output can be analyzed during an EI Niiio period for several species of pelagic, meso­
pelagic and demersal fishes. In the short term (annual), many phases of the life cycle of the 
northern anchovy and Pacific sardine have been quantified and interannual variability in life table 
parameters have been monitored. Even though day 1ensth, temperature, and primary production 
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rates folio .. strong seasonal cycles, interannual and not seasonal changes dominate small plankton 
volume and the spawning of most fishes. The seasonal cycle of larval abundance accounts for 
less than 30% of the time series changes at the latitudes of 25 to 35°N and .everal fish .. appear 
to have no seasonality at all. In contrast, demersal fishes of the continental slope at 1000 meters 
have strong seasonal reproductive cycles at depth with larval development in mid water (Dover 
sole) and at the surface (Sablefish). Monitoring of biomass and recruitment will reqnire the 
implementation of new extensive programs to manage in the presence of environmental variability. 

DISPERSION OF POLLUTANTS AND OIL SLICKS 
DISPERSION DES POLLUANTS ET DEVERSEMENT D'BYDROCARBURES 

Passive Scalar Transport in ~-Plane Turbulence 
P. Bartello, Recherche en pre'YuioD numerique, Service de l'environnement atmOlpherique, Donal, 
Quebec 
G. Holloway, Institute of Ocean Sciences, Sidney, British Columbia 

Evaluation of spechal closure theory and direct numeriea.l simulation is used to examine the 
eddy transport of a passive scalar in barotropic ,8-plane ftow. When a large-scale gradient of 
scalat cODcentratioD is imposed, the implied scale separation between fixed baclr.ground gradient 
and eddies supports the concept of ' eddy diffusion'. The results can therefore be cast in terms 
of an eddy diffusion tensor K, whose behaviour as a function of mean vorticity gradient ~ is 
examined. Earlier theoretical worlr. by Honoway and Kristmannsson (1984) is extended to include 
cases where strong vorticity-scalar correlations are observed, and corrected. in order to restore 
random Galilean invariance. 

The anisotropy of eddy energy and the direct influence of Rossby wave propagatioll con­
tribute to the overall anisotropy of K. The resulting suppression of meridional diffusivity K", 
and enhancement of zonal diffusivity Kztrl with increased /3 is examined. The variation in sim­
ulation Kyy is closely reproduced in the closure equations. However, the increased Kn is the 
result of zonal jets whose persistence is not accounted for in the statistical theory. 

Modelling the Behaviour of Oil Spill. in Ice-Infested Waters 
s. Venkateah, Atmospheric Envirorunent Service, Downriew, Ontario 
H. EI· Tahan, G. Comfort, R. Abd.lnour, Fle.t Tecbaology Limited, Kanata, Ontario 

This paper describes methodologies developed for predicting tho drift and spread of oil spills in 
ice-infested waters. Particular emphasis is placed on oil spills in medium and high ice concen­
trations. For ice concentrations greater than about 30%, th~ oil is found to drift with the ice. 
Empirical methods are used to determine the spread of oil in ire of different concentrations. The 
study showed that the equilibrium oil thickness in slush or brash ice is nearly four times that 
on cold water which is itself very different from that on warm water. Comparisons with limited 
available data show good agreement. 

Dispersion of Pollutants in the Southeastern Sea of Korea 
Chang S. Kim, Tee Sung Jung, Jone Chan Lee, S.W. Kang, Ocean Environmental Engineering 
Laboratory, Korea Ocean Research and Development Institutf, Ansan, Korea 

A prognostic model has been developed to predict the concentration of ponutants in coastal water 
off Korea. The study area covers the southeastern Sea of Korea where the TSllshima Current 
ftows in through the western channel of the Korea Strait. 

To understand the physical processes and variability, extensive field measurements were con-
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ducted. The CTD surveys and current meter moorings at various transects were carried out 
in two typical seasons, summer and winter. The July survey shows sirong gradienu in water 
prop.rties on the isobaric smac. in the upper 50 m. B.low the shallow.r isopycnal, Ihe lurfac. 
wilh tr, values between 24.0 and 26.5 sloped st.eply downward from the coastline toward open 
sea, indicating a signal of strong geostrophic currtnt flowing northeastward. Tht currentl mea­
sured from the moored arrays show the presenre of thost oceanic currents with velocity ranging 
from 10 em/s to 40 cm/s. Strong signals of currtnt fluctuations with p.riods of 2-4 days ...... 
observed due to the local wind effects. The current regimes in the area were changing in speed 
and direction with season with major forcings of tides, geostrophic pressure gradient as well as 
local winds. 

To study the advection-diffusion of poUutants r.l.ased at a coastal site in l.ngth and tim. 
scales longer than those of major tidal periods, a tw()-lay.r 'slab' model was applied. Th. 
obs.rv.d hydrographic data w.r. us.d to d.fin. the thickn.ss of layers at each grid point. The 
('urrents at open boundaries were used for the flow boundary conditions. Using the Galerkin­
based finite element methods, the flow field lin.arly combined with tidal, oceanic and wind-driven 
currents was simulated. Th. disp.rsion of poUutants was simulated with temporal and spatial 
evolut.ion of concentration patterns under several cases of episodic wind conditions. 

The Local Meteorology of a Severe Air Pollution Episode in the Lower Fraser Valley, 
B.C. 
D.G. Sttyn, A. Roberge, C. Jackson, Atmospheric Science Prolramme, Department of Geography, 
University of British Colwnbia, Vancouver, Briti.h Columbia 

Th. Lower Fraser VaDey, B.C. is afflict.d by s.asonally poor air quality in the form of phot()­
chemical smog episodes. The episodes come about as a result of precursor emissions (largely 
from automobiles) in the city of Vancouv.r and its satellite communities. Th. photochemical 
transformations occur under atmospheric conditions characterised by slack synoptic pressure gra­
dients and strong solar loading that occur during the anticyclonic situation that dominates Ihe 
summE'r climatology of the B.C. coast. This synoptic condition also favours the development of a 
sea/ land-br .... circulation and relatively depressed mix.d-layer depths in the coastal lone. Th. 
spatial and temporal charactE'ristics of the episodes are powerfully influenced by a combination 
of lo('.al meteorology and t.opography of thE' region . 

This st.udy ('on('e-ntratf'S on tht lo("al meteorology of a particuJarly st>vere recent episode that 
o('('urrffl on a weekend Berause of the gene-rally lower automobile emissions during weekends, it 
is to bE' E'xpf'('tf'd that the meteorological ('onditions during this episode will be representative of 
the conditions for worst-CRSE' episode~ . 

The study explores the temporal and spatial dimensions of the episode through network 
data on ambient ozonE" concentratIOns. and examines local fields of wind speed, direction and 
tempE'ratnre. Aconsti(' sounder data provide a picture' of the diurnal evolution of the mixed-layer 
depth, and spiral profiles from an instrumented aircraft probE' the vertical structure of olone 
concentrations. 

OCEAN SURFACE WAVES- l AND PROCESSES 

VAGUES- l ET PROCESSUS 

Ocean Waves and Climate Forecasting 
F. Dobson, Btdford Institute of Oceanolraphy. Dartmouth, Nova Scotia 

It has long been supposed that ocean waves are the intermediary whereby momentum is passed 
from tht winds to the sea, ending up in the global ocean circulation. Th. d.tails of the passing 
havt betn ignored, perforce, since the processes by which waves are generated, grow and dissipate 
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are at best poorly understood. And for most purposes, (e.g. operational wave forecasting) our 
ignorance has had little etrect on skill at predicting oceanographic pro.esses from meteorological 
forcing. 

The advent of the perception that climate may be predictable has changed the rules of the 
game. The coupling process by which momentum is transferred from air to sea must be more 
completely understood, if we are to make etrective use of the global data sets otrered by satellite­
borne radars in our coupled o.eanjatmosphere global climat. models. Firstly, the radars sense 
the short-wavelength waves at the sea surface, which playa poorly-understood role in ocean wave 
development (What fraction of the momentum they receive goes into the wave field, or directly 
into currents?)i secondly, the coupling constants in the climate models are themselves shong 
functions of the state of development of the wave field (How will such hitherto unaccounted-for 
couplings atrect the (already strongly coupled) air-sea interchange equations?). 

An Extremes Wind and Wave Climatology off the East Coad of Canada 
V.R. Swai). Atmospheric EDl'ironment Service, Downsview. Ontario 
V.J. Cardone, Oceanweather Inc., Cos Cob, COlUlecticut, U.S.A. 
B. Eid. MacLaren Plannarch Ltd., Halifax. Nova Scotia 

A method is described and results are presented of a wind and wave hindcast carried out for 
three areas otr the east coast of Canada: the Grand Banks of Newfoundland, the Scotian shelf 
and Georges Bank. 

In each area the 30 most severe wave-producing storms in the past 30 years were identified 
through objective and subjective storm selection procedures. These storID selection procedures 
differ somewhat from the procedures used in site-specific hindcast studies, since they cover a 
finite area. The storm selection procedures are considerably more complex and difficult than 
those where a continuous observational, or hindcast, record of waves (or winds) is available. In 
the present study, historical records of wind and wave observations Cram ships, drill rigs, land 
stations, previous hindcasts, previous studies and historical accounts were searched to produce a 
master list of all significant storms in east coast waters for the past 30 years. This amounted 
to more than 530 storms. This list was reduced in several stages, both objective and subjective. 
to final lists of the 30 most severe wave-producing storms in each of the three target areas. In 
addition, a separate population of tropical storms was identified for Georges Bank. 

Once the storm population was identified , deep-water wind and wavehindcasts were carried 
out using conventional hindcast proct-dures, including isobaric analysis of historical storms, pro­
d uetion of planetary boundary layer model winds, kinematic analysis of storm wind speeds and 
a first-generation spectral wave model. Modelling was carried out on a coarse-mesh grid 1.250 of 
latitude by 2.50 of longitude, with a nested fine-mesh grid at half that resolution . 

Extremal analysis, using tht> Gumbel distribution , was performed on the hind cast wind speed , 
wave height and crest height values at a large number of locations to produce statistics required 
for the design of offshore structures, for example the 0.01 exceedance probability values for each 
parameter . 

Analyses produced include geographical maps of the design (i.e. IOO-year return period) 
values for significant wave height, and associated parameters such as the surface wind speed, 
maximum wave height and peak period. This illustrates the spatial variability of the wind and 
wave climate on the east coast of Canada. The temporal variability of east coast storms will 
also be addressed. 
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A Further Look at Parameterisation or Wind-Wave Spectra 
P.C. Liu, NOAA/ Great Lake. Environmental Research Laboratory, Ann Arbor, MichiCan, U.S.A. 
N.E. Huang, NASA/ Goddard Space Flicht Center, Greenbelt, Maryland, U.S.A. 

The proper correlation for the equilibrium range constant Q, used in developing spectral represen­
tations for wind waves, is presently still uncertain. Neither conventional approaches to correlating 
0' with non-dimE>Dsional wind speed nor trying to readjust equilibrium range exponent have been 
fruitful. In this paper we established analytically a weU-defined correlation of Q in terms of 
the significant wave slope, spectral shape function, and the ratio of peak wave phase speed to 
friction velocity. This generalized Q correlation has been empirically substantiated by over 2000 
weU-developed wave spectra recorded in the Great Lakes. With this approach spectral formula­
tions using different equilibrium range exponents all led to sufficiently weU-defined correlations. 
This suggests that the equilibrium range exponent is not unique and that a range of exponents 
('an be- used to providf' satisfactory results. Thus the- validity and choict of tquilibrium rugf' 
expont"nts cannot bf' readily confirmed by Q correlations. Further applications of this approach 
also revealed that the shape function used in the JONSWAP formulation was inconsistent with 
gtDttal data. By making ancillary modifications to thf' form of the shape function, we were able 
to s("cure sufficiently consistent results. 

Open Ocean Bubble Sise Distributions from Multifrequency Acoustic Baclcseatter 
S. V&&l~. Ins'itut~ of Oc~an Sd~nc~!I. Sidn~y. and D~p&rtmC'nt of Physics and Attronom)" UDi¥usit)' of 
Victoria, Victoria. British Columbia 

Gas bubbles OCCUl in large numbers immediately below the- sea surface, where they are produced 
b:v the" breaking of waves, and playa major rol(' in studies of air-sea interaction processes. In 
addition to tht influence on sound propagation, rec('nt studies indicate that the bubbles play 
a major role in gas exchange through tht air-sea interface and can also b(' used as tracers to 
study the flow field in the upper ocean. In studies of the influence of bubbles on the physical 
prOf'essf'S in the upper ocean it is of fundamental importance to measure the size distribution 
of the bubbles in the water column. Here a multifrequency backscatter method for this purpose 
will be discusst'd and initial results from the SWAPP expe-riment, where six acoustic frequencies 
were used, will bf' presented. The acoustic method's ability to resolve bubble sizes down to a 
radius of 8 microns shows the presence- of larg(' numbers of the smaller bubbles as compared to 
pre-vious optical measurements. The variability in the bubble size distributions is found to be 
<oherent with time and depth giving valuable insight into the structure of the flow field in the 
uppf'r ocean. 

LARGE-SCALE OCEAN CIRCULATION- l 
CIRCULATION OCEANIQUE A GRANDE ECBELLE 

Oceanic Circulation from a Global Eddy-Resolving Model 
A.J. S~mtn~r, Jr., Naval Postgraduate School. Monteny. California. U.S.A. 
R.M. Chenin. National Center for Atmosph~ric Res~arch. Bould~r. Colorado, U.S.A. 

A global ocean model with ~ . horizontal grid spacing and 20 vertical levels has been integrated 
for a simulation timE' of thirty years, with seasonally varying forcing applied oVer the last seven 
years. Results of the simulation are presented. 

A broad assortment of currents are weU-represented in the model. In mid- and high-latitudes, 
these include the known unstable western boundary (urrents of the northern and southern hemi­
spheres and the Antarctic Circumpolar Current. In the tropics, then' are seasonally varying 
midocean flows such as the equatorial cunents, countercurrents, and undercurrents. Seasonally 
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varying boundary currents in low- and mid-latitudes include the Somali Current, the North Brasil 
Current, tht California Current, and tht Leeuwin Current. 

Most of the strong currents of the model are rich in instabilities. The nature of these 
instabilities is examined. Also, an analysis of the regional exchanges between different parts of 
th~ world ocean is conducted to give a picture of the general circulation, including aspects of 
heat transport. 

Progress in Canadian WOCE Plans 
P.R. LeBlond, Department of Oceanography, Univtnity of British Colwnbia, VanCOUft>I, British Colwnbia 

An update of progress towards the implementation of the WOCE program will be presented. 
Special emphasis will be placed on those sub-programs involving Canadian participation. Cana­
dian plans and funding progress at government and university laboratories will also be reviewed . 
The WOCE mastodon is creaking into action! Come one and all and hear of its ponderous 
progress. 

On the Importance of Vertical Resolution in Certain Ocean 
General Circulation Models 
A.J . Weaver, Department of Meteorology, McGill University, Montreal, Quebec-

In centred difference models of thf' ocean circulation I two grid point computational modes can 
be excited if grid Reynolds and Pecl<t numbers ar. gr.ater than two. The Bryan-Cox General 
Circulation Model (GCM) is used to show the dramatic effect that this instability has on the 
equatorial thermohaline circulation. In many r~cent numerical calculations researchers have used 
12 vertical levels. It is shown that this resolution produces an artificial cell at the equator when 
typical values of the vertical diffusivity and viscosity param~ters are used. This artificial ceU 
rotat~s counter to the primary cell driven by deep water formation at high latitudes. is driven 
by downwelling at th. eastern boundary near th. equator and is 40% the strength of the primary 
cell for the param~ters us("d in the present study. When vertical resolution is increased the cell 
vanishes. It is suggested therefore that higher vertical resolution should be used in Bryan~Cox 
Ge M deep ocean modelling studies when current values of the vertical dift"usivity and viscosity 
parameters are used . 

The Assimilation of Sea Surface Temperature Data into Numerical Ocean Models 
A.T. Weaver. W.W. Hsieh, Department of Oceanography. University of British Columbia, Vancouver, 
British Columbi.a 

The ability of sea surface temperature (SST) data to improve thE' circulation in numerical ocean 
models is determined through a series of idealized numerical experiments, conducted using the 
GFDL Bryan-Cox primitive-equation OGCM set up as an eddy resolving, flat bottomed channel. 
The basic experiment consists of a control Run R representing the ""real" world . The model is 
initially spun up diagnostically aft .. which a small random perturbation is introduced into all 
fields of data and the model is allowed to evolve prognostically into a fully eddy active circulation. 
An additional model Run B is performed which is identical to Run R except for the introduction 
of a slightly different perturbation . Run B represents an imperfect numerical model trying to 
simulate the "real" ocean described by Run R. "Observed" SST data, taken as the temperature 
at the top level of model Run R, are then assimilated into Run B using a simple "nudging" 
scheme based on a surface heat flux Q, given by Q = C(SST - T IB ), is the temperature at the 
top level of Run B. The rate of data injection is controlled by adjusting the constant C to an 
optimal value. Tests are underway to determine if the velocity fields in Run B can be brought 
closer to those in Run R by this method . 
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ICE AND SNOW RESEARCH- 2 

RECHERCHE DE LA GLACE ET DE LA NEIGE--2 

Small-scale Melt Processes at the Ice-Water Interface of Annual Sea Ice 
E. Humer, Depart~ment d'Oceanologic, Universite du Quebec, Rimouski, Quebec 
R.G. Ingram, Depart.ment of Meteorology. McGill University, Montreal, Quebec 

During the period of active melting, temperature, salinity and nutrient distribution bave been 
sampled in the surface boundary layer of annual sea-ice. This has shown that melting occurred at 
both the und.rside of the ice with production of melt .... ater and inside the ice sheet with rejeetion 
of brine. Melting at tbe interface bas been correlated to solar radiation lux variation. and to 
the eddy diffusivity in the surface layer. Moreover, the upward flux of salt has been shown to 
be the more restrictive variable for melt rate. These results combined with the spatial variability 
of pressu[(' keel distribution suggests a spatial heterogeneity in the melt rate characteristics. 
In addition, our findings confirm that the ice-water interface dynamics is dominated by the 
fortnightly tidal variations. During neap tid., the development of a viscous sublayer combined 
with the production of fresh melt water creates conditions for the development of a stratified 
buoyant boundary layer. During spring tide, the vertical eddy diffusion increase creates an 
upward flux of salt and nutrients which erases the neap tide structure. 

Feasibility of Predicting Climate Change; Impact on East Coast Ice Severity I: 
Scope of Problem and Evaluation of Impacts on Iceberg Calving Rate. 
J .R. Marko, Arctic Sciences Ltd., Sidney, British Colwnbia 
D.B. Fissel. Arctic Sciences Ltd" Dartmouth, Nova Scotia 
P.A. Wadhams and J.A. Dowdn:weU. Scott Polar Research hutit-ute, University of Cambriqe, Cam­
brid,e, England 

In .. sponse to a federal PERD (Panel on Energy Research &; Development) requirement, multidis­
ciplinary evaluation was carried out for the feasibility of predicting the impact of global-.... arming 
on ic~berg and sea ice conditions off Eastern Canada. Primary focus was given to cbanges 
in i«berg severity. The work required assessment of the likely changes and a<companying un­
certaintif's, which might occur in key atmospheric and oceanographic parameters together with 
estimation of present and attainable capabilities for quantitatively describing the effects of such 
changes on sea ice and icebergs. 

Because of the current state of flux and controversy regarding the extent of the anticipated 
warming. our primary efforts were given to ascertaining the degree to which pr~nt knowledge 
of the sea ice/ iceberg environment would be sufficient for the translation of various atmospheric 
and oc.eanographic warming scenarios into altered ice severities. 

Th(' first step in the proc.ess required a review of present understandings of berg production 
(calving). Assuming that warming occurs over a period of decades and a.Uowing maintenance of 
quasi-equilibrium conditions, flux balance calculations were carried out to assess the likely extent 
of calving rate changes in the best documented West Greenland berg source, the Jakobhavns 
lsbrae. This approach yielded calculated calving rates in excellent agreement with recent field 
estimates. When the calculation was amended to allow for a universal 10% precipitation increase 
and higher coastal precipitation rates adjacent to oceanic areas cleared of sea ic~, significant 
change in calving l: .. te was only obtained for the most drastic tested warming scenario, equivalent 
to a 1000 m elevation of the equilibrium line. In the latter case a 30 to 40% decrease was 
obtained in the calving rates. Although relatively brief and local surges in iceberg production 
cannot be excluded as possible responses of the Greenland ice sheet and outlet g1acie .. , it was 
concluded that the overall impact of warming would be to either leave calving rates approximately 
at theil present value 01 to produce a modest reduction in iceberg output. 
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Feasibility of Predieting Climate Change; Impaet on East Coast lee Severity D: 
Present Meehanism. and Controlling Fador. for leeberg Transport and Deterioration 
J .R. Marko, Ardie Sciene .. Ltd., Sidney, British Colomb;' 
D.B. Filsel, Arctic Sciences Ltd., Dartmouth, Nova Scotia 

Review and analysis of existing iceberg, sea iet' and oceanographic data wert carried. out to 
clarify the prOCe5Sf'S wherf"by bergs either move from their sources to impact areas south of 
48°N or dissipatt" en route. Data support the proposition that, at most, a few percent of the 
originally calved total berg mass .ver reaches the Labrador Sea north of the primary Grand Banks 
impact area. The loss of berg mass was attributable to a combination of the high probability 
of grounding and long term entrapment by sea ice on the shallow continental shelves of Baffin 
Bay and Davis Strait and to deterioration and melt during open water passages. The spatial 
and temporal characteristics of the observed berg ftow were used to explain the "pulse" of bergs 
which is observed to appear in Davis Strait beginning, typically, in January. 

A previous noted (Marko, Fissel and Birch, 1986) correspondenc. between the January Davis 
Strait ice extent and the numbers of bergs found south of 48'N in the foUowing "iceberg season" 
was now found to be fuUy consistent with 28 years of ic. and iceberg data. The meehanism 
whert"bv mid-winter Davis Strait ice determines subsequent downstream berg numbers was de-­
duced from the- close correspondence between the' extent of this ice and later downstream ice' 
extents. The ice pack of the Labrador Sea was found to be the key factor in determining the 
rate of mass loss for icebergs moving toward 48°N in thf spring and summer months. Open 
water berg mass loss data and theoretical results for wavf-induced erosion of berg mass wert 
used to estimate minimum sizes required for tht survival of Labrador bergs to tht 480 N line as 
a function of seasonal ice extent. These results suggested that Labrador Sea itt extent controls 
the iceberg season severity by, in effect, setting a minimum limit for the size of an iceberg which 
could complete the journey to the Grand Banks. 

Two noted deviations from the success of the Davis Strait ice extent "indicator71
, in 1975 

and 1981, were shown to be consistent with this controlling mechanism and the effectiveness of 
easterly springtime wind components in reducing the spatial extent of the Labrador pack.. Con­
sistency of the mechanism with oceanographic data on the Grand Banks was also demonstrated. 
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Feasibility of Predicting Climate Change: Impact on East Coast Ice Severity III: 
Obstacles to Climate Change Impact Foreeasting and Feasibility of Solution 
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Results obtained in assessing present knowledge relevant to predicting the impact of climate 
change' in iceberg and sea ic~ st'verity wert evaluated. The k~y conclusions from the extension 
of present knowledge of the sea ice and iceberg environments into tht 50 to 100 year warming 
period of interest were: 

a) the berg supply at the sources will either remain relatively unchanged or decrease by a few 
tens of percent; and 

b) the likely changes in the numbers and masses of bergs reaching the impact areas ean be 
deduced by determining, in turn, the effects of global/regional warming on upstream, mid­
winter sea ice conditions. 
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Consequently, .hile further information is needed on almost all aspects of the problem, 
including overall global warming models and basic data on berg calving and deterio~ation rat .. 
and grounding/reflotation probabilities, further data and understanding pertinent to the present 
and future behaviour of the Baffin Bay and Davis Strait ice cover appear to be critical elements of 
any scheme to assess climate change impact. The requirements for a research program capable 
of achieving th~ understandings were identified and related to present and future technical 
capabilities. 

THE UPPER ATMOSPHERE RESEARCH SATELLITE PROGRAM 

PROGRAMME DES SATELLITES DE RECHERCHE DANS 
L'ATMOSPHERE SUPERIEURE 

The Upper Atmosphere Research Satellite (UARS) 
C.A. Reber, Lahoratory for Atmospher~s, NASA/Goddard Space Flight Center, Greenbelt, Maryland, 
U.S.A. 
J.R. Holton, Department of Meteorology, University of Washington, Seattle, Washington, U.S.A. 

The Upper Atmosphere Research Satellite (UARS), to be launched in late 1991 , will provide a 
detailed look at the physical and chemical processes controlling olone in the Earth's upper atmo­
sphere. It will produce comprehensive state-of-the-art measurements of olone and key members 
of the nitrogen, hydrogen, and chlorine chemical families, as well as energy inputs, temperature, 
and wind fields in the stratosphere, mesosphere, and lowe, thermosphere. The seientific payload 
includes one microwave and two infrared emission limb sounders for determining vertical profiles 
of tra('t species and temperature, an infrared solar occultation sensor for minor species, two high 
resolution interferometers for Doppler wind measurements, two full-disk solar spectrometers, and 
a high energy particle monitor. The U ARS Science Team is composed of the nine investigator 
groups responsible for instruments, plus ten investigator groups providing additional capability 
in the areas of data analysis and interpretation. A dedicated distributed data system provides 
a powerful capability for data processing. storage, scientific analysis, and communictions. An 
extensive effort to utilize correlative measurements, both for instrument data validation and for 
complementary scientific studies. is expected to foster wide-spread cooperative efforts in the use 
and analysis of U ARS data. 

The High Resolution Doppler Imager 
V.J. Abr~u, Department of Atmospheric. Oceanic and Space Science. University of Mic:hi&an, Ann 
Arbor, Michigan, U.S.A. 

The High Resolution Doppler Imager (HRDI) is a tripl. etalon Fabry-Perot interferometer de­
signed to measure Doppler shifts of absorption and emission lines in the stratosphere and upper 
atmosphere. HRDI will b. flown on board the Upper Atmosphere Research satellite in 1991. 
The vector winds will be determined in the stratosphere (10- 40 km) and upper atmosphere (80-
120 Ir.m) during the day and the upper atmosphere at night to an accuracy of 5 m/sec. The 
wind measurement concept and the operator scenario will be discussed. 

The Cryogenic Limb Array Spectrometer 
A.E. Roche, Lockh.ed Palo Alto R ..... ch Laboratory, Palo Alto, California, U.S.A. 

Significant attention is focussed on the study of the upper atmosphere and potential dFects of 
changes in the climate, weather, and protection provided by the o..,ne layer. The UARS will 
provide a global, continuous and comprehensive look at the upper atmosphere over an 18 month 
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period with the scheduled launch in the fall of 1991. The Cryogenic Limb Array Spedrometer 
(CLAES) will derive stratospheric temperatures and constituent number densities from th.e mea­
surement of infrared spectral emissions. Overviews of the CLAES experiment and hardware will 
be given. The CLAES instrument is a solid CO. and neon cooled Fabry-Perot infrared lpec­
borneter with the objective of obtaining measurements of a series of stratospheric minor species 
which are of significant interest to the photochemistry of the stratosphere and ozone layer. 

Remote Sensing of Atmospheric Structure and Composition by Pressure Modulator 
Radiometry from Space: The ISAMS Experiment on UARS 
F.W. Taylor, Department of Atmospheric, Oceanic and Planetary Physics, Oxford University, Oxford, 
England 

This paper describes the Improved Stratospheric and Mesospheric Sounder experiment on the 
Upper Atmosphere Research Satellite. ISAMS uses a technique called pressure modulator ra­
diometry, which permits the measurement of seleded atmospheric parameters with high preci­
sion and selectivity. Marriage of this technique with the objectives of the U ARS programme is 
aimed at producing a radical improvement in current knowledge of the middle atmosphere. In 
particular, it is hoped to make significant progress in understanding the coupled behaviour of 
radiation, dynamics and photochemistry in the siratosphere and mesosphere. 

The scientific objectives are discussed first, in the context of current knowledge of the middle 
atmosphere and of known problems which result from shortcomings in this knowledge. This is 
followed by 8. discussion of the instrument concept, its design, and its performance as calculated 
and measured in the laboratory. Finally, the implications of the instrumental capabilities and 
mission parameters for the achievement of specific objectives are discussed. 

OCEAN SURFACE WAVES-2/VAGUES- 2 

Air-Sea Fluxes by the Dissipation Method during the Ocean Storms Project 
B.A. Proctor. Department of Physics, Royal Roads Military College. Victoria. British Columbia 
G.A. McBean. Department of Geography, University oC British Columbia, Vancouver. British Columbia 
R.F. Marsden. Department oC Physics, Royal Roads Military Collc-&c- t Victoria. British Colwnbia 

High frequency measurements of wind velocity and temperature fluctuations were made from the 
C.S.S. Parizeau in the fall of 1987. The dissipation method was applied on the resulting time 
series in order to determine friction velocities, u. and characteristic temperature length scales, 
t .. The time series of the- u. and t. werE" then analysed using regression techniques to determinE" 
relationships for the drag coefficicent, Cd, and the Stanton number I Ch. 

Least squares minimization on the u. data yielded the following relation for the momentum 
flux: Cd ~ 1.17 X 10- 3 for 4.0 < U" •• < 10.0 ms- ' and Cd '" 1.12 X 10- 3 + 5.06 x 10- '· U" •• 
for windspeeds over the range 10.0 :S U" •• :s 18.1 m s-'. This result is similar to that given by 
Large and Pond (l981), and Smith (1980). However, at high wind speeds, the regression relation 
gives lower values of Cd than the results given by Large and Pond and Smith. The deviation is 
attributed to low data quality and a sparseness of high wind speed measurements. 

The results of the Stanton number, Ch were not as consistent as those for Cd. Because of 
data quality problems, the relationship obtained under neutral or positive static stability was not 
significant. Under conditions of negative static stability, Ch was found to be 2.17 x 10- 3 • This 
compares to Large and Pond's (l982) result of 1.13x10-3 and 1.l0xlO- 3 found by Smith (1980). 



Frequency and Directional Evaluation of the ODGP Wave Speetra at Hibernia 
B.·A. Ju •• ko, JUI.ko Scientific Services. Victoria, British Columbia 
R. Graham. Defence Research Establishment Atla.ntic, Dartmouth, Nova Scotia 

An evaluation of the ODGP (Offshore Data Gathering Program) hindcast winds and deep water 
wavt'. spectra was performed. A coherenc~ analysis between the "man·maehine" mixed model 
winds and local winds, obtained from an offshore mobile drilling platform, showed &eceptable 
inner coherences for frequencies below 0.75 cycles per day (cpd), and improvement over a purely 
geostrophic wind estimate whieh has a cut-off around 0.5 cpd. There was generally good agree­
ment between the model and field spedral wave properties, particularly during storms_ A co­
herence analysis using average wave spectral energy vectors, given by the significant wave height 
and vector mean direction, showed results similar to the winds. Qualitative assessment of the 
frequency dependent behaviour of the model, indicated generally good agreement between mid 
and high frequency portions of the wave spectra, a tendency for the model seas to develop faster 
than observed and no consistent agreement between observed and modelled swells. Coherence 
analysis results, using spectral energy vectors calculated over the selected frequency ranges l sup­
ported these observations with the low frequency swell being incoherent at all time scales while 
mid and high frequencies had acceptable coherence levels between 0.75 and 1.0 cpd. 

Fetch Relations for Wind-Generated Waves as a Function of Wind Stress Sealing 
W . Perrie, B. Toulany, Scotia-Fundy Relion, Bedford Institute of Oceanocraphy, D.,tmoutla, Noya 
Scotia 

w~ present the variation that results when fetch relations in wind-generated wave spectra are 
scaled by the friction velocity component in the dominant wave direction rather than the magni­
tude of the friction velocity, using the data collected during the Canadian Atlantic Storms Pro­
gram (CASP). The effects of three possible drag coefficients are considered: the usual constant 
drag coefficient, the open ocean long fetch drag coefficient, and finally, the wave age dependent 
drag coefficient for growing waves recently measured by Smith and Anderson (1989) in HEXOS. 

Contributions to the correlation coefficient for dimensionless variables due to both the scal­
ing variables and the dimensional variables are computed. We find that the friction velocity 
component in the dominant wave direction rather than the friction velocity magnitude should be 
used as th~ scaling variable. The self-correlation introduced to the correlation coefficient is then 
less than that resulting from the friction velocity magnitude. 

Balance relations among physical f('tch relations support this conclusion and imply that the 
wave ag(' dependent drag coeft'cient for growing waves is the appropriate drag coefficient to use 
in scaling variables. We generali .. Snyder et al. (1981)'s parameterization of the wind input 
energy and deriv~ a functional form for Phillips equilibrium range Q function . 

Evidence of Temporal Changes in the North European Shelf Wave Climate 
M. Reistad. J. Guddal. Tht Norwtgian Meteorological Institute, Berlen, Norway 

Temporal changes in the North European Shelf wave climate are indicated by analysing a con­
tinuous 35 year hindcast wave data base, residing at the Norwegian Institute. These changes are 
demonstrated both in terms of normal statistics, and in terms of extreme estimates based on 
limited sutrseries within the 35 year series. The basic 35 year wave data series, generated by a 
discrete type spectral wave model, covers the NE Atlantic and adjacent waters, with a 75 km 
spatial resolution, 6 hourly intervals, from 1955 through 1989. The data base is partly YaJidated 
against measurement data, and it has recently been used in storm selection procedures for the 
North European Shelf Study, NESS. The present study has relevance to sucb problems concern­
ing extreme estimations, seasonal breakdown, storm threshold criteria and requested range of 
basic time series. In particular, we shall consider th~ statistical character of the ~warm decad~' 
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of the 1980's. 

Long-Term Wave Variability along the Southwest Coast of India 
N ,P. Kurian, Centre for Earth Scienct Studies, Regional Centre, Cochin. India 

The climate of India is dominated by the monsoons. The enatic behavioul of the monsoons 
leads to significant year to year variation in thE" climat~. Thf' long-term variation in the wave 
climate along the Indian coast has not been the subject of a study so fal. This papel aUempts to 
study the long-telm valiability in the wave climate along the southwest indian coast in ,elation 
to the climatological factols . Th. wave climat. along this coast shows considelable year to 
year variations. Recorded wave data from four locations along this coast shows that the lowest 
and highest wave intensity in the decade 1980- 1989 occuned in 1982 and 1981 respettively. 
Correlation of the wave valiability with winds along this coast and the influence of the long­
travelled swells in bringing about year to year variations in the climate are studied. The lowest 
wave intensity during the decade corresponds to the strongest EI Nino with an event intensity of 
4, and the yeal of highest wave intensity preceded this. Th. obselved long-term variability in the 
wave climate is discussed with lefelence to the global climatological events dUling this peliod. 

LARGE-SCALE OCEAN CIRCULATION-2 
CIRCULATION OCEANIQUE A GRANDE ECHELLE-2 

Data Assimilation in Oceanography 
P. Malanotte-Rinoli, Department of Earth, Atmospheric aJl.d Plandary Sciences, Massachu&cth Institute 
of TechnololY, Cambridge, Massachusetts, U.S.A. 

The forthcoming decade promises to be a most exciting one for oceanographers as for the first 
time measurements of dynamic variables will be available with global coverage. First and forE-­
most, synoptic measurements of sea surface height will be provided by the TOPEX / POSEIDON 
mission and, hopefully, also the major surface forcing function of the ocean. the wind stress field, 
will be available through scatterometlY. These datasets will be complemented by more traditional 
oceanographic measurements such as the classical hydrographic program with basin-wide sections 
of WOCE and some intensive field programs in localized basins and dynamically active regions. 

This dataset of unprecedented size and quality has made the problem of data assimilation 
timely and important for oceanographers . Data assimilation was originated in the atmospheric 
sciences by the meteorological need of forecasting. The oceanographic problem of data assimila­
tion however is motivated bv the necessity of blending model-evaluated and actually measured 
variables through techniques of smoothing. filtering , dynamical interpolation and extrapolation so 
as to achieve a consistent rationalization and interpretation of all the available information. Thus, 
even though the existing literature already provides powerful methodologies for data assimilation, 
these must be interpreted and adapted to the oceanographic need and motivation. 

A short review will first be given of the differences between the two fluids, atmosphere and 
ocean, and of the relative type of datasets. with their implications for oceanography. Important 
assimilation approaches will be described and their feasibility and practical use by existing nu­
merical models of the ocean circulation will be discussed. Specific examples will be shown fOI the 
two categolies of i.) simple models and sophisticated data assimilation techniques; ii.) complex 
models and simple techniques. important physical questions will be addressed in the context 
of specific techniques such as how models can dynamically extrapolate the surface information 
provided by a1timetlY and hopefully reconstluct the abyssal circulation; whethel localirsed arrays 
providing sparse clusters of measurement.s can still be effective and used especially in regional 
models and process studies. 



Unprejudiced Ocean 'Circulation 
G. Holloway, wtitute of Ocean Sciences, Sidn~y. British Columbia 

Least biased ('unprejudiced') ocean circulation is calculated over the global domain. Follow­
ing information theory/statistical mechanics, one maximizes entropy H = - J d(+)p(+)In[p(+)] 
where + is a state vector describing the ocean and p(+)d+ is the probability for the ocean 
to o<cur in region d+ about any state +. Describing circulations on scales larger than first 
deformation ladius by a quasigeostrophic sheamfundion 'IJf I the variation of H is carried out un­
der constraints that advection conserves global integrals of energy f dA~IVIJ12 and of en.trophy 

J dA~ (V'>II + /(1 + h»' where / is the Coriolis parameter and h is the elevation of bottom 
relief as a fraction of reference ('mean') depth. This yields an expected s\reamfunction given by 
(-nh, - V') < >II 2: /(1 h), where 71 and '1', are Lagrange multipliers due to the energy and 
enstrophy constraints. In the equation for < IJ >, only the ratio '1'lh, (with dimensions L-') 
occurs. 

Maps of the flow field given by < >II > already include a wealth of detailed current structure 
(due only to the relief of ocean basins), much of which appears to be quite realistic. However, 
calculation of < q. > takes no account of the mean forcing fields (wind, sun, rain, etc.). Work 
in progress addressf's ways that the statistical rn~chanical < '" > can be combined with more 
conventional numerical models and/or data assimilation methods in Older to realize some of the 
effects of ocean eddies without the computational burden of explicitly resolving eddies. 

NPAL, an Upper-Ocean Model of the North Padfic: Model Design 
and Initial Experiments 
J. Cherniewsky, G. Holloway, Institute of Ocean Sciences, Sidney, British Columbia 

NPAL (North Pacific Active Layers) model was designed for process studies and for octan climate 
sensitivity experimenh on seasonal to decadal time-scales. It is a primitive-equations model, 
which presently consists of two active variable-depth layers: a Niiler and Kraus (1977) type 
mixed layer and a pycnocline layer over a semi-passive deep ocean. The model domain extends 
from equator to 62'N and from 123'E to 80'W. Horizontal resolution is I' latitude by 1.5' 
longitude. The mixed layer is driven with Hellerman and Rosenstein (1983) monthly wind-stress 
and with heat and fresh-water fluxes derived from climatological surface monthly temperatures 
and seasonal salinities. The model is also driven from below with heat and fresh-waler fluxes 
that are derived using climatological temperatures and salinities below its lower surface. We 
examine- the sensitivity of the modt'l-implied air-sea fluxes of heat and freshwater with respect to 
varying (a) surface and bottom boundary conditions, (b) southern (open) boundary conditions 
and (c) hori.ontal viscosity/diffusion. 

THE CANADIAN WINDU PROGRAM- l 

LE PROGRAMME CANADIEN WINDII-l 

WIND Imaging Interferometer (WINDII) for the Upper Atmosphere 
Satellite Mission 
G.G. Shepherd, Institute for Space and Terrestrial Sciences. York University, North York, Ontario 

The WINDII instrument uses digital phase shifting interferometry to measure the shifts and 
widths of airglow emission lines. The use of a field-widened Michelson interferometer allows 
wind and temperature image. to be obtained, using a CCD detector. By viewing different airglow 
emission wavelengths at the earth's limb, the altitude range 80 to 300 km can be covered, both 
in the daytime, and at night. The concept is described, and some pre-flight results presented. 



Measuring the Mesopause Temperature with WINDn 
R.P. Low~, K.L. Gilbert, Institute for Space and Terrestrial Science, Department of Phy.ic., Uninrsity 
of Western Ontario, London, Ontario 

The hydroxyl airglow is emitted by a narrow region about 8 km thick centred near the mesopause. 
Two of the filters on WINDII isolate spectral features from the (8-3) band of this emission. In 
addition to providing information on the wind and the altitude profile of the emission, the 
measurements of the hydroxyl layer provided by these filters will allow a determination of the 
temperature in the emitting layer. The technique for determiaing the temperature will be outlined 
along with a discussion of the expected precision of the measurement and the requirements for 
ground truthing. 

Oxygen in the Middle Atmosphere 
E.J. Llewellyn, Institute of Space and Atmospheric Studies. University of Saskatchewan, Sasb.toon. 
Saskatchewan 

WINDII observations of airglow emISSions that originate in the upper mesosphere can provide 
many parameters in addition to the wind and temperature profiles. The measured airglow emis· 
sions are in fact the result of a complex chain of atmospheric chemistry. In recent years our 
understanding of these processes has improved so that we can now use the observations to de-­
termine atmospheric constituent concentrations, The most notable among these is atomic oxygen 
which is formed through the solar dissociation of molecular oxygen in the thermosphere. In this 
paper some aspects of this atmosphere chemistry are described. It is also shown that photo­
metric measurements with WINDII can provide significant information on some of the transport 
processes that control minor constituent concentrations in the middle atmosphere. 

The WIl\IDn Instrument and its Calibration 
W.A. Gault, York University, North York, Ontario 

The WINDII instrument consists of a CCD camera which views the horizon through a field­
widened Michelson interferometer, two telescopes and a set of interference filters. One of the 
telescopes combines two orthogonal views into one, which appear simultaneously side by side on 
the CCD. Images of phase and visibility of the Michelson fringes (corresponding to wind and 
temperature) are produced in software by combining four CCD pictur .. taken at different phase 
steps . The phase steps are produced piezoelectricaHy by the motion of one- of the interferometer's 
mirrors. This paper discusses optical, mechanical and thermal aspects of the instrument and 
methods used to characterize it . 

WIND ANALYSIS AND MEASUREMENT 
ANALYSE ET MESURE DES VENTS 

Satellite Measurement of Surface Winds in the Northeastern Pacific 
N. Bepple, p, Austin, Prolramme in Atmospheric Science, Department of Geolraphy, University of 
British Columbia, Vancouver, British Columbia 

The determination of wind speed and direction from the human interpretation of satellite images 
has become a standard operational procedure in forecast centres. Automating this process has 
proved more difficult, however. The assignment of doud motion vectors to a specific height, the 
recognition of orographic, {rontal, or other organized cloud systems, and the lalge amount of 
computer time needed to compute the cloud motion ve('tors has prevented, to a large degree, 



the implementation of a eomputer-baaed doud tracking seheme at the operational level. 
We have designed and are testing a doud tracking seheme for boundary layer clouds in 

the Northeastern Pacifie. The seheme is based on the Sequential Similarity Detection Algorithm 
developed by Atkinson and Wilson (Swadley, 1988). This algorithm traeks douds by identif'yiug 
a template in an initial geostationary (GOES West) salellile image, and Ihen searehing for strong 
correlations between this template and portions of a subsequent image tak.en 30 to 60 minutes 
laler. Initial lests for 9 days in Deeember, 1989 show Ihat the teehnique has skill al estimating 
boundary layer winds using low-level eumulus and slratoeumulus douds 011' the British Colnmbia 
eoast, and ean operate at aeceptable speed on a desk-top workstation. 

W. have adapted a boundary layer model developed by Brown and Liu (1982) to relate 
the doud motion vedors at the boundary layer lop to the surfate buoy winds. The model 
inC'orporates the effects of surface roughness, stratification, and thermal wind on the boundary 
layer wind profile. Wind data areavailable for six buoys loeated within the region of interest; 
we arf' currently comparing the surface wind estimates derived using the satellite cloud motion 
vectors and the boundary layer model with the buoy reports for eaeh of the December cases. We 
plan to extend this study to marine boundary layers with a range of stabilities, and to implement 
measures of cloud texture to help in the identification of low-level stratocumuJus and cumulus 
clouds be-st suited for automated tracking. 
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Multiple Windbreaks: An Aeolian Ensemble 
K.J. MeAne-ney, M.J. Judd. Ministry of Apiculture k. Fisheries. Kcrikeri Horticultural Research Station, 
Kcrikeri. New Zealand 

Near-neutral measurements of the turbulent wind field within and above a sequeuee of 15 parallel 
windbreaks on a ftat pastoral site are presented. The windbreak fences eaeh had a porosity of 
60% and were equally-spaced at 6 times their height (h = 2 mI. The foUowing eondusions seem 
justified for wind directions within 100 of the normal to the array: 

(1) Above the windbreaks (2h), mean windspeeds first decreased and then inereased asymp­
totically to a value' in equilibrium with the new surface roughness. At O.Sh, windspeeds 
exhibited a slow increast" down the entire array. 

(2) R.ftecting the dill'erenc.es in approach ftows, the drag on the initial fence was almost twice 
that on barriers farther downstream. This reduction in momentum extraction per windbreak 
was associated with an eJ(':vation in the zero-plane displacement to a level equal to O.Sh. 

(3) At positions well-removed from the initial fences, mean windspeeds were reduced throughout 
the entire region below shelter height. In this region , the flow became increasingly dominated 
by downward moving air with velocities much greater than the loeal average. The lone of 
reduced turbulenee was small, extending only 2h downstream of a barrier at a height of 
O.25h. This eorresponded with the region excluded from smoke trails released Ilt the top of 
wind breaks. 

(4) An approximate TKE budget mid-way between windbreaks 7 and 8 suggests that .hear 
and wake production peak near z = h and that production is balanced by dissipation and 
vertical transport components. Advective and inertial interaction terms are negligible at this 
midway position but are likely to b. major sources of TKE doser to the windbreak. Loeal 
equilibrium is attained above z = J.5h implying ~h •• xistent< of a eonstant-s~ress layer. 
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The measurements ahow the practical difficulty of simultaneously reducing both mean wiadapeeds 
and turbulence levels with repeated windbreaks at conventional spacings for horticultural appli­
cations. 

A Preliminary Study of Organioed Motion in Windbreak Flow 
Y. Zhuang. J. Wibon. Department of Geography, University of AlMrta, Edmonton, Alberta 

An experimental study of turbulence in the lee of a windbreak will be described. Recorded time 
series of velocity components have been analysed using spectral analysis, conditional sampling 
and the so-called orthogonal decomposition method to search for organioed or coherent struc­
tures. The study provides some qualitative information on the role of coherent strudures in 
the transport of mass and momentum in the disturbed flow. The implications of this stady for 
models currently used to simulate turbulent flow are briefly discussed. 

Wind Profiler Networks - The Next Major Advance in Observing the Upper Winds 
E. Hudson, Uni.ys Corporation, Great Neck, New York. U.S.A. 
J. Steranka, General Sciences Corporation, Laurel, Maryland. U.S.A. 

The National Oceanic and Atmospheric Administration of the U.S. Department of Commerce is 
in the process of establishing a 30·station Wind Profiler Demonstration Network in the central 
region of the United States. The network will cover an area of approximately 1500 x 1500 
kilometres. Scheduled for completion in early 1991, this array will be used to assess the impact 
of wind profiler data in weather analysis and forecasting, and provide a foundation for planning 
a nationwide network for the 1990s. 

The Wind Profiler is an unattended, highly sensitive Doppler radar that is designed to 
detect and process returns from the clear air. It makes an accurate, vertical profile of the speed 
and diIection of the wind in increments of 250 metres from near the surCace to an altitude of 
approximately 16 kilometres. It completes a wind profil. e ... y six minutes. The system also 
computes hourly consensus averages. 

The data Crom each system in the network will be transmitted via satellite to a central 
processing facility in Boulder, Colorado. There, the data from the individual sensors will be 
integratE'd into hourly reports for dissemination to the U.S. National Weather Service and other 
meteorological users. 

Where observations by rawinsonde stations and weather satellites are made only twice a 
day, Wind Profilers will monitor the upper winds on an almost continuous basis. This high 
sampling ratt promises to allow a marked improvement in analyzing and predicting the winds 
aloft and in turn make weather forecasting more accurate. Other related benefits, such as making 
aviation operations safer and more economical, and making air pollution monitoring and control 
procedures more effective, are also expected to be realized. 

THE LAGRANGIAN OCEAN- l 
L'OCEAN LAGRANGIEN- l 

Currents and Horizontal Diffusion on Georges Bank as Measured by Drifting Buoys 
K. Drinkwater, J. Loder, F. Page, Bedford Institute of Oceanolraphy, Dartmouth, Nova Scotia 

Near-surface current measurements obtained with LORAN-C and ARGOS satellite-tracked buoys 
in the vicinity of a tidal front in the northeast corner of Georges Bank are described. Seventeen 
releases consisting of clusters of 2 to 13 buoys each were tracked for periods ranging from 1 to 
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6 d between June and October, 1988, and during July, 1989. The spatial variability of the mean 
and tidal flows are described . Time series of the divergence, vorticity, shearing deformation rate 
and stretching deformation rate are used to investigate the kinemati< and dynamic properties 
of the flow. Of particular interest is the possibility of convergence lones near the front. The 
drift buoy measurements are compared to current meter data coUected in the region during the 
time of the drifter deployments. Initial results from models of the Lagrangian flow will also be 
discussed. 

Analysis of Deep-drogued Satellite-tracked Drifter Measurements in 
the Northeast Pacific 
R.E. Thomson, Institute of Ocean Sciences, Sidney, British Columbia 
P. LeBlond, Department of Oceanopapby, Univrrsity of British Columbia Vancouver, British Columbia 
W. Emery, Colorado Center for Astrodynamics Research, University of Colorado, Boulder, Colorado, 
U.S.A . 

We analyze the trajectories of 24 deep (!20 m) drogued satellite-tracked drifters launched in 
the northeast Pacific during June and October 1987. Three aspects of the resulting Lagrangian 
velocity field are presented: (!) The spatial structure of the mean and variance fields; (2) The 
dispersion and eddy diffusion characteristics of the fluctuating motions; and (3) The properties of 
selected mesoscale eddies. The Lagrangian integral time scales of about 4 days for the motions 
are similar to tho .. for the North Atlantic while the integral length scales are half those for the 
Atlantic. The observed dispersion is generally consistent with Taylor'S (1921) theory for single­
particle dispersion in homogeneous isotropic turbulence although many of the drifter track. also 
indicate extensive periods for which the fractal dimension of the buoy dispersion is significantly 
less than that for random motions. The eddy diffusion for regions is estimated to have a .teady 
state value of around 4 x 10' cm'/s. Subsurface meanders and eddies were especially prevalent 
in the bifurcation region of the mean flow with mean rotation periods of 15 days and mean 
azimuthal speeds of 13 cm/s. Mesoscale eddies are predominantly clockwise rotary and propogate 
to the west at roughly 1.5 emls counter to the direction of the prevailing wind and background 
flow . 

Estimation of Eddy-Diffusivities, Integral Length and Time Scales from 
I'k-actal Oceanic Drifter Trajectories 
B. Sanderson, Department of Physics. Memorial University of Newfoundland, St. lohn's . Newfoundland 

Recent work (Osborne et ai., 1989; Sand<rson, 1990) indicates that single particle and two parti­
elf' oceanic motion may be fradal . A fractional Brownian moiion model seems most appropriate, 
although there is some e-vidence of multifractality. For such motion estimates of integral time, 
space scales and eddy-diffusivities become- as much a function of the way in which the measur­
ments are made as the- phenomenon being measured. This dependence upon the measurement 
process is investigated within a fractal frame-work . Comparisons are made with estimates of 
eddy-diffusivities and integral scales obtained using conventional approaches. 
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The Flow of a Coastal Current past a Blunt Headland 
H.J. Freeland, Institute of Ocean Sciences, Sidney, British Colwnbia 

The effect of an abrupt headland on a barotropic o<eanic boundary current with variable boUom 
topography i. investigated. This study arose from a desi,. to understand how a coas~ current 
system might interact with a severe obstacle like Brooks Peninsula off the north-west coast of 
Vancouver Island. It has been observed that squirts and jets are generated just to the south of 
Brooks Peninsula during the summer months only. Thes ... ents are generated by the advection of 
some kind of tracer material, perhaps cold upwelled water, or high concentrations of chlorophyll, 
by a background current velocity field. It will be shown that the seasonal dependence of the 
large scale current field produces a strikingly different mode of response depending on whether 
the modelled forcing is appropriate to the summer or to the winter. The background flow is from 
the north in summer, and from the south in winter. In the former case the background flow 
field can support a train of topographic Rossby lee-waves. In the latter case no such waves are 
generated and this assymehy produces a dramatic assymetry in the response. Particles seeded 
in the velocity field appropriate to the lee wave case generate events strongly reminiscent of the 
squirts and jets observed in the field . No such jets are generated in the case that fits winter 
circulation conditions. 

Particle Dispersion due to Tidal Flow over Topography 
K.R. Thompson, Y. Shen, Department of Oceanor;raphy, Dalhousie University. HaliCu:, Nova Scotia 

It is well-known that partide trajectories in simple, time-dependent Eulerian flow fields can be 
surprisingly complex. In fact, even without genuine turbulence, particles can apparently disperse 
and this has led to the term "Lagrangian chaos' (e.g. Zimmerman, J., Netherlands Journal of 
Sea Research, 20, pp. 133-154, 1986). 

We aamine particle trajectories associated with tidal flow over an isolated topographic 
feature: a (one with the top removed. Our goal is to parameterize the particle dispersion in 
terms of non-dimensional numbers such as tidal excursion to topographic length scale and the 
Rossby number. Our approach is to use simple analytical models wherever possible and then 
check the results with a fully non-linear, depth-integrated numerical model of the flow over the 
frustrum. 

Although our study is highly·idealized, we note that it may be useful in classifying banks as 
"retentive" or "dispersive" given just their size and the strength of the background tidal flow . 

ICE AND WAVES/GLACE ET VAGUES 

Airborne SAR Observations of Waves in Ice during LIMEX '89 
P .W. Vachon, Canada Centr~ for Remote Sensing, Ottawa, Ontario 
A.S. BhogaJ. lntera Technologies Ltd., Ottawa. Ontario 

The Canada Centre for Remot. Sensing (CCRS) CV-580 aircraft, with its C- and X-band syn­
thetic aperature radar (SAR) systems. colleded imagery of the marginal ice zone off NeWfound­
land during the Labrador Ice Margin Experiment (LIMEX) in March, 1989. One component of 
the LIMEX t89 program was the observation, by SAR and other sensors, of ocean waves pene­
trating the marginal ice zone. These observations are being used to address two main reseaJ'ch 
objectives: 

1. to work towards a better understanding of the SAR imaging physics for ocean waves by 
studying the greatly simplified case of waves in ice; 

2. to provide synoptic-scale information for the study of OCE'an wave evolution (attenuation and 
dispersion) in the marginal ice zone. 



In this paper we review the L1MEX '89 SAR data coDected for the o<ea.n waves program, 
and provide some image spectra] analysis results. We make observations concerning the role of 
the aircraft height-t<>-velocity ratio and the wave aspect angle, as weD as temporal and spatial 
spectral evolution. At this stage, aU observations are based upon the SAR imagery alone, and are 
referenced to velocity bunching and tilt cross-section modulation, the known dominant imaging 
mechanisms for waves in ice. 

Wave-Induced Drift Foree on lee Floes 
D. Masson, Institute of Ocean Sciences, Sidney, British Colwnbia 

Wind waves are commonly ignored when modelling the ice motion in the marginal ice lone. In 
order to estimate the importance of the wave forcing, an expression for the second order wave~ 
induced drift {olef' on a floe exposed to a full directional wave spectrum is obtained in terms of 
a quadratic transfer function. For a given floe shape, the transfer function generally augments 
with the incident wave frequency, with a sharp increase near the resonant frequency of the pitch 
motion. The short wave limit of this function is determined by the shape of the horizontal 
contour of the floe. The value corresponding to the truncated cylindrical floe used here is 2/3 of 
the value obtained by the two dimensional approximation. The total drift force is computed for 
two situations: an off· ice wind over a large polynya, and an on-ice wind at the extreme ice edge. 
In the first case, the drift force induced by the short fetch waves represents a significant {raction 
of the direct wind forcing and may be partly responsible for the formation of ice edge bands as 
previously suggested by Wadhams (I983 ). In the second case , the very large drift force on a floe 
exposed to the high frequency components of the open water spectrum rapidly decreases (in the 
first few hundred metres) as these short waves are efficiently attenuated by the ice. This rapid 
decrease of the force generates a large compressive stress which is important in compacting the 
ace at the extreme ice edge . 

Field Data Collection Programs and their Importance to Ship Icing Modelling 
W.P. Zakrzewski, E.P. Lozowski, Division of Meteorolgy, Department of Geography, University of Al­
berta. Edmonton, Alberta 

The structure of a modern ship icing model is discussed and an algorithm for model calibration 
is pr.sented. Available data sets on (1) ship spray parameters, (2) ship icing-related parameters 
are critically reviewed . 

The University of Alberta winter field surveys of 1987 and 1988 in the Labrador Sea are 
discussed along with the Cold Regions Research Engineering Laboratory icing survey of 1990 to 
the Bering Sea. The proposed objectives of a comprehensive winter ship field survey for collecting 
icing-related data are presented. The potential for international collaboration is assessed in the 
light of the need for involvement of specific types of vessels. 

Th. need for specific and reliable ship icing data is demonstrated and model results based 
on currently available data are presented . 

OCEANOGRAPHY - 2/0CEANOGRAPHIE-2 

Prediction of Currents in the Waters of Northern British Columbia 
W.R. CrawCord, K.S. Lee, Institute oC Ocean Sciences, Sidnf'Y, British Columbia 

It is the goal of the Canadian Hydrographic Service to predict the currents iu coastal waters, 
for navigation, fisheries, and pollution control. These- predictions are difficult for the scientist, 
because the dynamics of the currents change from one region to the next. We will present a 
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sui~ of colour movies of observed CUrleDts in tht waters or northern British Columbia, with 
thE' semi-diurnal and diurnal tidal currents, wind-driven} and averagt flow presented in separate 
segments. By presenting the flow in this manner. the overall complexily of the currents is 
reduced. the public can undersland the currents more easily. and the sdenlist can evaluale Ihe 
type of model required for each rogion and Ihe degree of sureess expected from numerical models. 
In some regions such as Hecate Stralt in winter, a barotropic wind-driven model can simulate tht 
non-tidal cuntnts. In Dixon Entran(,t, tht" two iargt" gyrt"s whiC'h fill this basin art not always 
prtstnt. and it is difficult to prtdiC't thtir prt"st'n('f' and disapptaranC't" . 

A Three-Dimensional Model. GF8 for the Georgia-Fuca System 
1.A. Stronach. Seoaconsult Marint R~s~arch Ltd .. Vancounr. British Columbia 
T.S. Murty. Institutt of Ocean Scienc~s. Sidn~y. British Columbia 

A thrt"f'-dimtnsional hydrodynamic-al numerical model for tht systtrn consisting of tht wattr 
bodies of the Strait of Georgia. Juan d. Fuca Strait. and Puget Sound has been developed. The 
modtl has a horizontal resolution of 2 km and ust's eight levels in tht vt"rtical diredion. Tht" 
model tquations art" numerically integratt'd using a semi-implicit sC'he-mf' e-mploying SUCCe5S1Vt 
oVt"r-rt"laxation. 

The vertical eddy viscosity is dependent upon the Richardson numbtr for tht barodinir 
calculations. and upon tht vutiC'al shear for the ba.rotropic computations. Barotropic tidal sim~ 

ulations agree well with observations. Prognostically calC'ulattd density from the baroclinic also 
agree weD with the observed density field. 

Analysis of Long-Term Sealevel Records from the Georgia.Fuca.Puget Sound System 
D. Dunbar. SC'aconsult Muint' ResC'atch Ltd .. Vancouver. British Columbia 

Hourly timt'-se-rits of surfact" dt"vatiom. wtrt' obtaine-d from thret tide gauges: Sf'attlt (1900-
1988). Victoria (1939- 1988). and Point Atkinson (1963- 1988). Initial harmonic analysis of the 
data rtvealtd that the calculated alllplitudt"~ (If thE> vt"rv low frequency tidal constitutnts (e.g .. SA 
and SSA) art" parti('ularl.,,· sensitive to the prt'~en('t' of nUlluJal M~IHt.ls in the' data ((".g .. storm 
surges). A simple ite-rativt" procedure was dtve-Iopt'd (or cal('ulating tht alternatIng portion o( 
the tidal signal to within an estimatt"d 1 ('m of its true valut'. Th(" value- of ffitan sealevt'l was 
tht'n calculatt"d by fitting a smooth ('urvf' to a graph o( yt"ariv mean water levtls. This graph 
suggtsts that the mean watN It"\'d has been increasing frol1l I to :2 mm per ytar during this 
I.'t"ntury. Difft'ring ratf'S of ineresst" bttwf't"n the stations indie-ate- that at least part of this has 
been dut' to vertical crU50Ut) mOVeOltnts. In addition . sE>veral local ~ealt'vel maxima ('orrespond 
closelv to known EI Nino tvents. 

Tht" results of tht itt"rativt" harmonic analysb \' ,tkuhtions wert' ('(Hubined with tht' fitted 
st'alt'vei curve to calculatt the hourly tidal elevations for t'ach slatiOIi . 111.· .. 1 · Wf'fe tht"n subtraC'tt"d 
from the- original time--serits to yield tht" residual dtvations. Substqut"lIt analysb h(l~ ' ''\' )I\tt'd 
all major storm surge- events that have occurred in this ctntury, An interC'omparison bttwten 
storm surges at each of t.ht thrtt stations suggests a strong (,ontlation bttwe-e-D waltr levt'ls at 
tht three- sitt's. 

Is the Leeuwin Current Driven by Pacific Heating and Winds? 
A.J. Weanr. Depar'm~nt of M~leorolo&y. McGill University. Montreal, Quebec 
1.S. Godfr~y. CSIRO Division of Oc~anography, Hobart, Tasmania. Australia 

Watm west. Pacific water can flow through the Indonesian channels to create a basin-scalt 
buoyancy-driven circulation in tht Indian Ocean) even in the- absence of winds. The driving 
forct for this circulation is tht gf'neration of meridional sterie height gradients (a.nd associattd 



zonal geostrophic flo ... ) by the cooling of Pacific inflow water towards the Iatitude-depeDdent 
Haney equilibrium temperature. Eastern and western boundary currents must develop to feed 
this lonal flo .. ; in particular, a Leeuwin Current-like ftow develops at the eastern boundary. 

To illustrate these ideas, we have run a numerical model of a rectangular "Indian Ocean''. 
connected via a near .. equatorial channel to the "Pacific" - which is treated simply as a reser­
voir of water with fixed vertical profiles of temperature and salinity.. No wind stress curl is 
applied, so no Sverdrup circulation is produced; the ftow is almost purely thermally-driven. The 
total mass flux from the Pacific to the Indian Ocean is identically .ero in our model, but up 
to 9.6 X 106 m3 s- 1 flow in each direction between the basins. When our "Pacific" temperature 
and salinity profiles are as observed in the Indonesian region, cooling to the Haney equilibrium 
temperature produces a strong eastwud flow at midlatitudes, fed by a western boundary current 
which is in turn fed by inflow from the Pacific. At the eastern boundary a Leeuwin Current 
develops, with deep mixed layers near Cape Leeuwin; the mixed water feeds a Leeuwin Under­
current which eventually ftows back to the "Pacific" through the western boundary current. The 
depth-integrated mass transport of the Current-Undercurrent system near Western Australia is 
near zero, as observed in the Leeuwin Current system. This pattern is hardly affected by the 
imposition of equatorward winds like those found off Western Australia. 

When the "Indonesian" temperature profiles are replaced (in our model Pacific) by the 
much colder ones observed in the eastern equatorial Pacific, with no other change, none of these 
phenomena occur. Instead, & typical eastern boundary flow regime is obtained, with equatorward 
surface lIow, upwelling and shallow surface mixed layers. A shallow layer is heated at low 
latitudes, but this effect does not penetrate deep enough to generate significant zona.! flows in 
midlatitudes; the heated water mostly returns to the "Pacific" via the western boundary current 
and a zonal jet , The difference between the two flow regimes is due to Haney-induced convective 
overturning in the first case, and its absence in the second. 

Quantitatively, the large difference between the specific volume anomaly profiles of the east­
ern and western equatorial Pacific Ocean can be explained (in a double depth-integrated sense) 
by the action of zonal winds, which cause a large gradient of pressure (and hence of specific vol­
ume anomaly and temperature) along the equatorial Pacific. Thus these winds may be the cause 
of thf' largf' difl'erencf> between the Leeuwin Current flow regime and other eastern boundary 
flows - and of the large heat losses to the atmosphere in much of the Indian Ocean. 

Centrifugal Upwelling of Cold Saline Water at the End. of Long Causeways in 
the Shallow Beaufort Sea 
P. GreismMl, Soliton Services, Vancouver, British Columbia 

It is thought that the presence of anomalously cold and saline water may affect certain fish 
species' coastwise migration in the very shallow « 5 m) , highly stratified (AS > 10 psu), 
nearshorE' region of the Beaufort Sea. Patches of cold. saline water have been observed near 
long (ca. 5 km) causeways which have been constructed generally perpendicular to the trend of 
the shoreline. Previous attempts have been made to attribute these patches to Ek.man upwelling 
driven by easterly winds. 

An alternative explanation is presented in which Coriolis effects are negligiblt compared with 
acceleration due to local flow curvature and friction. 

"Centrifugal upwelling" may be present where a long. thin impermeable feature, such as a 
causeway, intercepts long~shore transport and concentratt:s the flow around its end. The wind 
component perpendicular to the causeway drives a downwind (in shallow water) transport against 
the causeway, balanced by a local downwind pressure gradient at the causeway. A landward 
pressure gradient is established against th~ shor~ and along the causeway which drives a jet 
seaward. At the end of the causeway and the termination of the downwind barrier, the flow 
rounds the structure and assumes the curvature of the artificial shoreline. Centrifugal acceleration 
is balanced by a radial pressur~ gradient, the interface- rises near the structure and cold, saline 
water is brought to the surface. 
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Centrifugal upwelling tan octur in response to winds from any direction which have a sig­
nifiC'ant component perpendiC'ular to tht cauSf'way. 

HYDROLOGY-l/HYDROLOGIE- l 

Hydrology in the Context of Climatic Change 
V. Klemd. International Association of Hydrological Sciences, c /o Centre for Earth and Ocean R~earch. 

tJninrsity of Victoria. Victoria. British Columbia 

The talk will emphasize the n .. d for the understanding of the underlying physical processes 
and mtchanisms of their interadions befort the f'fff'('t of a diOlati(' change on hydrology can be 
asstssed . Examples will bt giVt'D of possibly e-rrODf'OUS intf'rprf'tations of the fluctuations observt"d 
in hydrologic and climatic records if they art' not based on sound physi('s. 

Nonstationarity will be discusstd as tht thtorf'tical framework for climatic (han~t and ('on· 
se-qut"ncts from this drawn for tht the-or:v as well as the pra('ti~e. Distindion will be drawn 
between the hydrological and wa\E'r resource managemt-nt aspeds of climate changE' impact. 

Th. problem of the use of the current generation of conceptual hydrolgical models for 
climatE'-change impact assessment will be discussed in relation to their stru('turE' and perfor~ 

manct' critf'ria. 
New trends in hydrology, triggered by climate-change and other global-change issues will be 

outlined and the related activiti .. of the International Association of Hydrological Sciences will 
be briefly described. 

Some Aspect. of Modelled Soil Moisture for the Monitoring of Drought/Floods in 
the Canadian Prairies 
L.O . Mapanao, Canadian C'limatf' C'f'ntrf', Atmosphf'ric Environment Sf'rvicf' . Oownsvif'w . Ontario 

The Atmospht'ric Environmt'nt St"fvice runs a simplE' watE'f budgE't modd in nt"ar real-timE' for 
climate monitoring. ThE' mode-l provjdf'~ a nUmbE'f of dE'rived ('ompont'nts rdated to tht> soil 
mOisture status of a location. In this study. model-generatC"d soil mOisture> ttm!;' sE'ries wt"re 
analyzed to bring out patterns, structurE'S and relationships whirh ma.," bt' u!,E'ful for drought / flood 
monitoring and asses!'ment. 

Certain aspt'ci!' of tht' hydrolo~ical cydt" and cumulath't' distribution fun('tions of Illode-llt'd 
soil moisture at six C'anadian locations are discussed . 

A Compari$on of Operational EstimatE"s of Open-Water Evaporation~ 
and 1990 91 Field Study Plans 
C.S . Strong . National Hydrology Rtstarch ('tntrt. AUllos. Em·ir. Str .. Saskatoon. Saskatchewan 
G.Z. F~ng. D~partm~nt of Hydraulic En~in~~ring. Northw~sttrn Agricultural Univ~rsity. Yangling, 
Shaanxi. China 

Wattr is the most critical reSOUfre on the Canadian Prairies, and evaporation of wattr is the 
most important variablf' in tht' hydrologir ('.velf'. Summer-time evaporative' losses from opt"n 
water on tht Prairies exceed rainfall by fartors of 2- 6. Dtspitt- its importanct, evaporation from 
open water surfaces cannot M measured directly. while tht absolutt uncertainties of optrationaJ 
estimates using physically-based or semi-empirical techniques range from 25 200%. depending on 
tht- time and spare scales of interest. This paper discusses thest unctrtainties using comparative 
rf-sults of evaporation estimates from st-veral operational technique'S. 

The National Hydrology Research Centre (NHRC') plan. to implement several field exper-



iments to study various aspects of evaporation on the Prairies. The first of these, a Regional 
Evaporation Study to be initiated during 1990, will investigate regional and diurnal obanges 
in the moisture balance due to local evaporation, over areas ranging from 500 km down to 
25 km horizontal scale. Other field experiments to follow will examine smaller-scale aspects of 
open-water evaporation and of evapotranspiration at horizontal scaJes of 1-50 km. These exper­
iments are part of a larger Prairie Evaporation Study, which eventually will require controlled 
water-balance studies over lined reservoirs in order to develop measurement standards suitable 
to evaluate and improve operational techniques for estimating evaporation. 

The field plans and rationale for NHRC evaporation studies are presented, with emphasis 
on the initial Regional Evaporation Study. Several other cooperative meteorological experiments 
with other agencies, to be coordinated with 1990- 91 filed plans, will also be discussed. These 
include studies involving radar-rainfall calibrations, convective forecast tests , ground-truthing of 
remote sensing techniques, and field tests of new meteorological data systems. 

Recent Droughts in Southwestern Manitoba: A Moisture Deficit 
R .A. McGinn, Brandon ninrsity, Brandon. Manitoba 
B.T. Tolton, Uninrsity of Toronto. Toronto, Ontarlo 

Agricultural drought and dry spells are extended periods of abnormally dry weather which re­
sult in severe moisture deficiencies. Southwestern Manitoba has experienced many agricultural 
droughts. During these drought periods, .sever~ moisture deficiences have resulted in low crop 
yields and crop failures. The Palmer Moisture lndex was used to identify seven severe agricul­
tural droughts that have occurred in and around Brandon, Manitoba during the last thirty years. 
Weekly Climatological Water Balances were derived for each drought year and the magnitude 
and temporal nature of each specific moisture deficit examined. 

Cumulative mass moisture deficit plots during the growing season indicate that droughts are 
associated with abnormally large moisture deficits and/or temporal shifts in the deficit period. 
A non-dimensional analysis supports these observations and provides an objective classification 
of prairie droughts and dry spells. 

FISHERIES OCEANOGRAPHY- 4 
OCEANOGRAPHIE DE LA PECHE-4 

The Probability Distribution Cor the Abundance oC Fish, and its Pattern in Space 
G. Evans, S. Akenhe-ad, J. Rice, Departme-nt of Fisheries and Oceans, Newfoundland Region. St. John 's, 
N ~wfoundland 

Fish abundance at a given location is better described as a probability distribution than as a 
single number. The probability distribution has a changing pattern over space, which can be 
mapped. (Mapping the actual pattern of abundance at an instant is neither possible nor useful.) 
We describe some non-parametric techniques for estimating the probability distribution, discuss 
some of their properties and problems, and illustrate their use with catch data from a trawl 
survey. 

This is a progress report. We have reached a plateau from which we can produce some 
interesting maps and numbelS. People who respond now have a good chance of gettiDg us to 
move in directions they can use. 



CODAR Remote Sensing of Ocean Currents off Vancouver Island in 
the 1988 MASS Program 
D.O. Hodgins. Seaconsult Marine Research Ltd., Vancouvcr , British Columbia 

Ocean (orIents are notably variable in span> and time: a few moorings of conventional current 
me'lers cannot provide enough resolution to describe surfaC'(' current features that may influence 
fish distribution over tht> continental shelf. We describE> two major observational programs un­
dertaken in 1988 as part of the Marine Survival of Salmon study to measure surface currents off 
the mouth of Barkley Sound and OV'l Swiftsur. Bank using HF ground wave radar (CODAR). 
The- results reveal. for the first time. th.e intricacies of tht currents and their response to tide 
and wind forcing. Such surface features as convergence along fronts, areas of divergence. and 
eddies ale' dearly visibJe. Tht" surface featurt"s over Swiftsure Bank. for example. show areAS of 
upwelling and advection onto the bank during part of each tidal <vele. The implied supply of 
nutrients could be- related to food abundance and ultimatelv to salmon aggregation in this area. 
in addition to hypotheses related to favourable energetics . 

The bask principles of surface current measurement bv HF radar are briefly discussed. and 
the 1988 observation program is described. The presentation focusses on current observations 
that seem particularly relevant to fish distribution, notably on Swiftsure Bank. Progress on the 
development of second~generation CODAR systems are discussed. along with applications to more 
extensive shelf circulation studies and their potential for fisheries research. 

Interannual Variability of Satellite-Derived Surface Pigment Concentration 
in the California Current 
P.T. Strub, C. James, A.C . T homas. Collt&t of Oceanography. Ortgon Statt mnrslty, Corvallis, 
O,.,on. U.S.A. 

Monthly composites of , atellit.-derived (CZCS) surface pigment concentrations from the newlv 
processed global data se-t over the California Current System (CeS) art" uSf'd to examme in­
terannual variability of surface pigment concentrations. Data coverage is best for tnt" pt"rio<1 
November 1978 to th. end of 1983, providing 4 years of data prior to the 1982- 83 El Nino and 
a good look at the anomalous vear. More sporadic data are available after that until June 1986. 
Spatial resolution of the composites is approximately 20 km. Errors caused bv the nt"w atmo­
sphere algorithm used In the global processing ate less severe than in the previous West Coast 
Time Series, hut still produce suspiciously high values in winter (November-February) north of 
approximately 40oN. For the March- October period, we find the mean seasonal cycle and re­
rnon it to form the non-seasonal monthly anomalies. Similar fields are formed for anomaJous 
atongshort' wind stress, mixing power of the wind (proportional to the cu be of the wind speed) 
and wind stress curL T he interannual variability of the fields is examined using EOF analysis 
and the relation between the wind and pigment is found using Canonical Correlation Analysis. 

Time Scales of Pattern Evolution from Cross-Spectrum Analysis of 
AVBRR and CZCS Imagery 
K.L. Denman, Institute of Ocean Scienc~s, Sidney, British Columbia 
M.R. Abbott, College of Oceanography, Oregon State University, Corvallis, Ort:«on, U.S.A. 

We have selected square subareas (110 km on a side) from Coastal Zone Color Scanner (CZCS) 
and Advanced Very High Resolution (AVHRR) images for 1981 in the California Current region 
off northern California for which we could identify sequences of cloud free data over periods of 
days to weeks. We applied a two-dimensional Fast Fourier Thansform to images after median 
filtering, (z, y) plane removal and cosine tapering. We formed autospectra and coherence spectra 
as functions of a scalar wavenumber. Coherence estimates between pairs of images were plotted 
agaiDst time separation between images for several wide wavenumber bands to provide a "spec-



hal lagged correlation coefficient". The temporal rate of loss of correlation in surface patterns 
provides a measurt' of the rate of pattern change or evolution as a function of spatial dimension. 
We. found that pallerns evolved (or lost correlation) approximately twice as rapidly in upwelling 
jets as in th~ "quieter" regions between jets. The rapid evolution of pigment patterns (lifetime 
about 1 week or less for scales of 50- 100 km) ought to hinder biomass transfer to zooplankton 
predators compared with phytoplankton patches that persist for longer times. 

W. found no significant differences between the statistics of CZCS and AVHRR images (spec­
tral shape or rat. of decorrelation). In addition, the peak correlation between AVHRR and CZCS 
images from the same area occurred at zero lag, indicating that the patterns evolved simulta­
neously, although high pigment would be expected to lag low temperatures (and high nutrients) 
in recently upwelled water. We thus conclude that in such dynamic areas the phytoplankton 
cells (identified by pigment color patterns) behave as passive scalars at the mesoscale, and that 
growth, death and .inking of pigment. collectively play an insignificant role in determining the 
spectral statisitics of the pigment patterns. 

Relationships between Water Masses and Groundfish Distributions on the Scotian 
Shelf: An Investigation of Interannual Variability 
R.l. Perry, R.J. Losier, Biological Station, S1. Andrt-ws. New Brunswick 

Characteristic water masses on tht' Scotian Shelf during spring and summer can be identified by 
their temperature and salinity properties. In this presentation, seasonal research vessel survey 
catches of ground fish are compared with these characteristic water masses to determine if a 
small number of water masses account for the largest catches. Results suggest that large catches 
for several species occur in only a few water masses which are species-specific, and consistent 
between seasons. This technique provides a method of relating intra- and interannual changes 
in groundfish distribution and migration patterns to those oceanographic processes which alter 
water mass characteristics. 

ATMOSPHERIC DYNAMICS- 2 

DYN AMIQUES ATMOSPHERIQUES- 2 

The Hamiltonian Structure of Geophysical Fluid Dynamics 
T.G. Shepherd, Department of Physics, Uninrsity of Toronto. Toronto, Ontario 

It has only rt'(:~ntly been realized that most of th~ fluid dynamical systems used in meteorology 
and oceanography are, at least in their inviSC'id form, examples or non-canonical Hamiltonian 
systems. Casting thf equations into abstract form allows the application of general methods of 
analysis! and leads to a unified understanding of certain fundamental properties of the equations. 
Important examples includf conservation laws, which are either linked to continuous symme­
tries of the governing equations by Noether's theorem, or are examples of 'lCasimir invariants"; 
and the conc~pt of wave activity, with its implications for Arnold-type stability theorems. Fur­
thermore, tht- Hamiltonian formalism provides a very convenient and, surprising though it may 
sound, phY6ically tnhttlve way of approximating systems of equations. This enables one to find 
the common threads linking different fluid dynamical systems, and identify their most essential 
differences. 

The concepts mentioned above will be elucidated by considering the following geophysical 
systems: the meteorological primitive equations; incompressible stratified flow; the shallow-water 
equationsj and baroclinic quasi-geostrophic flow. 
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Improving the Efficiency of a Finite-Element Regional Model by the Use of 
a Two-Time-Level Pseudo-Staggered Semi-Lagrangian Scheme 
S. Gravel, J . Cot~. A. Staniforth, Rccherch~ en prevision numerique. Service de l'enruonncment atmo­
spherique, Dorval, Quebec 

It is known that straighforward finite-difference and finile--element discretizations of the shallow­
water equations, in their primitiv(" (u-t)) form. can Ie-ad to energy propagation in th~ wrong 
direction for the small scales. Two solutions to this problem havf' been proposed in the past. 
The first of these' is to define the dependent variables on grids which arE" staggered WIth respect 
to one another. and the second is to use' the governing equations in their differentiated (vorticity­
divergence) form. 

We propose a Dew scheme that works with the primitive form of tht: equations. uses an 
unstaggered grid, but doesn't propagate small-scale energy in the wrong direction . and is compu­
tationally efficient as staggered formulations using the primitive form of th~ equations. We refer 
to this approach as puudo-staggenng. sinc~ it achieves thE' benefits of a staggered formulation 
without a staggered placement of v&Iiables. 

The proposed method has been tested using a regional finite-element barotropic model. We 
ran series of forecasts with different values of ~t . Their accuracy was measured bv computing 
the r.m .s. differences (in the height and wind fields) from a control forecast run. 

The new scheme yields acceptable accuracy with timesteps as long as three hours: the 
r .m .s. differences are smaller than or comparable to those of the scheme of Tempelton and 
Staniforth (1987) as well as to those of the semi-implicit Eulerian scheme with a much smaller 
timestep . 

A Semi-Implicit Semi-Lagrangian Fully Compressible Model 
M. Tanguay, Recherche en prevision numerique, AES. Dorval, Quebec: 
A. Robert, R. Laprise, Departement de Physique, Universite du Quebec a Montreal. Quebec 

The semi-implicit algorithm. originaHy developed for an efficient integration of the hydrostatic 
primitive equations, has been generalized to incorporate non-hydrostatic etrects present In com­
pressible atmospheres. It will be shown that a fully compressible model can thus be integrated 
at synoptic scales without any computational penalty over a similar integration of a hydrostatic 
model. With this important realization , it now seems feasible to d~velop a unique numerical 
model for simulating atmospheric phenomena taking plaC't" on a widt" range of scales. 

Un Modele Colonne des Ondes Internes dans l'AtmospherE" 
1\. Bou&yad. R. Laprise, Departeme.nt de Physique, Uninrsit; du Qutbec a Montrtal, Quebec 

V ne version colonnE' et lineaire qui a servi de prototype pour l'i-tude de Tanguay, Robert et 
Laprise (voir 8. ce congres) a ete utilisee pour etudier la propagation verticatE" des andes internes 
dans une atmosphere OU les inhomogeneites peuvent Hre importantes . Cette i-tude produit des 
r~sultats interessants qui peuvent avoil des implications sur les parametrages du transport de 
momentum dii au ressac des ondes de relief ( ~gra.vity wave drag" ) dans les modeles de prevision 
a grande echelle et les modeles de circulation generale. 

Recent Progress in the Development of a Variable-Resolution Global Model 
J . Cote, A. Staniforth, Recherche en prevision numerique, Service de l'environnement atmospheriqu(, 
Dorval, Quebec 

As we go to higher resolution the cost of the spectral method, which has been the workhorse 
of global forecast models in recent years, becomes less competitive with respect to grid-point 
or finite-element methods because of the absence of a fast Legendre transform for the spectral 
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method. Furthermore the development of the semi-Lagrangian technique for advection has given 
rise to a new way o( circumventing th. so-call.d pole problem, which has plagued earlier grid­
point models. 

Wf.' will present the recent progress in tht" df'velopment of a two-time-ltvel semi-Lagrangian 
model that uses a new unstaggered finite'-elemf'nt formulation for the horizontal discretization of 
the shallow-water equations in their primitivt" form . Tht" USf' of an unstaggered grid allows us to 
havt" variablE" resolution . This modf'1 SE'ems wdl suited for thf' design of a forecast system wherE' 
th. global (with "duced resolution in th. southrrn hemisphrre) and the regional (with highly 
focused resolution) forecasts would bt produced using the same model, but running it in two 
different configurations. 

The uniform resolution version of the model has bet'D integrated successfully to 5 days 
with a timeste-p of 2 hours 1 producing forecasts that surpass the quality standards used in the 
development of our spectral Eulerian and semi-Lagrangian models. 

SEDIMENT CHEMISTRY /CHEMIE DES SEDIMENTS 

Modelling pH-Gradients Near O,-H,S Interfaces in Sediments 
B.P. Boudreau. Department of Oceanolraphy. Dalhousie University. Halifax. Nova Scotia 

Tht' concentration of hydrogen ion is a determining variable in establishing the relative extent of 
the association / dissociation of common weak acids and bases (e.g. H,eO., H,S, NH.) and the 
saturation state of porewaters with respect to carbonate, phosphate and sulfide minerals. The 
hydrogen ion concentration is itself influenced by the releas~ of protolyic species from organic 
matter decay and various redox reactions, all of which leads to strong nonlinear couplings between 
thesf specit's. Particularly strong gradients in hydrogf'n ion (i.e. pH) occur in the vicinity of O2-

H'ZS interfaces because of the readion: 

(1) 

This papf'r prtsents a diffusion-reaction (diagenetic ) model for the dissolved species system 
O,-H,S-HS - -CO,-HCO; -CO~-OH - -H+ that can predict hydrogen ion distributions near o"ygen­
sulfidt intefact's w herf' reaction (1) is the dominant sink. for oxygen. 

The model is applied to describe the pH data collected in algal mats (i.e. Begg.atoa ssp. and 
Th.ovulum ssp.) from lagoons in Denmark and the Baja Peninsula, and the model results display 
rf'markable agref'ment with thE' observations. Thf' results also show that the calcite saturation 
state- may fall dramatically in surh mats, which can significantly influence the preservation of 
CaC03 in thf'se sediments. 

Evaluating the Utility of Complex Diagenetic Models: 
The Silica/Opal System as an Example 
B.P. Boudreau. Department of Oceanolraphy, Dalhousie University. Halifax. No,:"a Scotia 

Thf' past two decades have seen a dramatic rise in thf' USf' of mathematical models to answer 
questions in the fields of sedimentary geochemistry and diagenesis. The increased usage of thesf' 
models has been matched by a marked increast" in their sophistication. While the increased 
realism that acco~panies these more complicated formulations may be laudable, there may be 
only a marginal increase in th~ aceuracy of the solutions as compared to simpler forms. 

As an example, early diagenesis in the coupled dissolved silica-opal system may be explained 
by one of three possible models of increasing mathematical complexity. i.e. the simple, but unused 
constant-opal model (abbreviat.d C.O.), the Schink .t al. (1975 ) model (abbreviated SG&F) (or 
which Wong and Grosch (1978) have supplied an analytical solution (designated as W&G), and 
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the "improved" but much mor~ sop!'isticat, d model proposed by Schink and Guinasso (1980) 
thai must be solved numerically \abbreviated as S&G). Scaling analysis and computational com­
parisons show that the C.O. model and the SG&F models, as calculated via the W&G solution, 
are asymptotically valid forms of more complete S&G model for the limits of "large" and "small" 
opal concentrations, respectively. It is also found that opal diagenesis in bioturbated shelf-like 
sediments appears to be accurately described by the C.O. model alone. Even in deep-sea-like 
sediments. the C.O. model, coupled where necessary to thE' W&G solution, constitutes an attrac­
tive alternative to the S&:G model because relatively simple analytical methods of solution may 
be employed rather than advanced numerical techniques. 

Contaminant Metal Accumulation in Sediments of Halifax Harbour and Implications 
for Future Remobilization 
D.E. Buckl~y, Atlantic G~oscience C~ntr~. Dartmouth. Nova Scotia 
B.D. Petrie, J.N. Smith. P.A. Yeats. Bedford Institute of Oceanography. Dartmouth. Nova Scotia 

Chemical contaminants have been deposited in the sediments of Halifax Harbour for at least 
100 years from untreated sewage outfalls and other waste dumping. The result of this practice 
has been the accumulation of high concentrations of organIC matter and metals such as Cu. Zn. 
Pb, Hg, Cd , and Cr in the upp" 15 to 100 em of sediment on the sea floor. Because of the high 
content of organic matter in the surface sediments (mean 4.2% organic carbon with manmum 
values to 12.5%) there is limited oxygen penetration into the sediment column. Oxygen uptake 
is more than 200 Ilg O2 • g -1 . h - 1 in surface sediments from the inner harbour. These conditions 
result in sharp redox gradients within the top ] em in some areas. Core profiles show that 
sulfate reduction occurs within the top ]0 em, with total depletion at 60 em in some cores. 
These sedlments retain up to 800 ppm Pb , 3.3 ppm Hg and Cd, 700 ppm Zn . 200 ppm Cu, 
and 120 ppm Cr. According to information from 2lOPb dating techniques. the peak flux of Pb , 
and Hg contamination appears to have been reached in the 1960·s. The accumulated reservoir of 
contaminant metals in the harbour sediments is estimated to be 600 tonnes for Pb, 5 tonnes for 
Hg. 500 tonnes for Zn, and 200 tonnes for Cu. Some of these contaminants may be remobilized 
under improved oxygenation conditions that could occur after establishment of sewage treatment 
facilities for the metropolitan area. Using a physical oceanographic box model and an assumed 
rate of remobilization of 1 % per year from sediments, it has been estimated that concentrations 
of Pb. Hg, and Cd in the water ('olumn could rise by more than an order of magnitude. as 
compared to present concentrations . 

THE CANADIAN WINDII PROGRAM- 2 

LE PROGRAMME CANADIEN WINDII- 2 

Derivation of WINDII Geophysical Parameters 
B. Solheim. Institute for Space and Terrestrial Science, York University, North York. Ontario 

The Upp" Atmosphere Research Satellite (UARS) provides near global coverage of both strato­
spheric and mesospheric regions. WINDII monitors the top side of the UARS altitude range 
providing temperature and wind between 80 and 300 km. These geophysical parameters are 
derived from intensity profiles of atmospheric airglow emissions. WINDII is an imaging instru­
ment which views the limb of the atmosphere and provides images with a horizontal resolution of 
25 km and a vertical resolution of less than 2 km. A single fringe of the interferogram is scanned 
for each emission line. From the phase of the fringe the wind speed is obtained and from the 
visibility of the fringe the temperature is obtained. The algorithms required to derive the wind 
and temperature data products are described. Results from simulations are also presented. 
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Monitoring Effects of Auroral Oval Energy Input on Global Wind Patterns with 
WINDU 
R.t. Gatiin,er, Hersber, Institute of Altrophysics, National Re.euch Council, Ottawa, Ontario 
L.L. Con", Department of Physics, Uniy .. ,ity of C&ll"'y, C&lg&ry, AI""rt. 

Canadian Sps('.e Scientists have d~veloped considerable expertise in evaluating the energy inputs 
into the auroral oval using ground-based and satellite-borne instrumentation. The WIND Imaging 
Interferometer on UARS will provid. a unique capability for monitoring global wind patterns 
at auroral altitudes. This will provide an excellent framework for investigating the coupling 
between the atmosphere and the aurora. Current mesosphere-thermosphere global circulation 
models require inputs of this ty~ to verify their accuracy. 

Validation and Ground Truthing for WINDII/UARS 
W.F.J. Evans, Ccnin for Research in Earth and Space Science. York University, North York, Ontario 
R.P. Lowe, Institute for Space and Terrestrial Science, University of Western Ontario, London, Onimo 

As part of the validation process of satellite remotely sensed data, correlative measurements 
and ground truthing measurements are required . The measurements which will be conducted 
in Canada as part of the WlNDII/UARS project are described. Airglow emission profiles will 
be compared with rocket experiments and with measurements from other satellite instruments. 
Temperatures will be compared with LIDAR and Michelson ground based remote sensing mea­
surements. Winds will be compared with meteorological rocket winds from Cold Lake Primrose 
range. Balloon-borne constituent profiles will be conducted from Saskatoon and Churchill for 
CLAES, HALOE and other instruments on UARS. 

Measurements of Pollution in the Troposphere (MOPITT) 
J .R. Drununond, Department of Physics, University of Toronto, Toronto, Ontario 
J .C. McConnell, Department of Earth and Atmospheric Science, York University, North York, Ontario 
G .P. Brassew, J .C. Gille, National Center for Atmospheric Research, Boulder, Colorado, U.S.A. 

MOPITT is a candidate instrument for the Earth Observing System Polar Orbiting Platforms to 
be flown by NASA at the end of this decade and ""yond. The objective of the instrument is to 
measure carbon monoxide (CO) on a global scale with a resolution of ahout 22 km spatially and 
4 km verticall;\'. Measurements of carbon monoxide (CO) concentration in the lower aimosphere 
have been recognist"d as being important to our understanding of tropospheric chemistry as 
CO is involvt>d in many natural and artificial chemical processes including biomass burning and 
hydroxyl reactions. The instrument is based on a new gas correlation technique known as a 
Length-Modulated Radiometer (LMR) and operates by sensing the upwelling infra-red radiation 
from the atmosphere in several wavelength regions. An overall description of the project will 
be- given with specific discussion of the instrumentation and some of the anticipated scientific 
results. 

Chemistry and Dynamics of the Troposphere 
J.C. McConnell, G . Klaassen, Department of Euth and Atmosphuic Science, York Uninrsity. North 
York, Ontario 
H.-R. Cho. 1. Dnmmond, Department of Physics. University of Toronto, Toronto, Ontario 

A joint UT-York group has been funded for a 3-D modelling study of chemistry aud dynamics in 
th. troposphere. In addition, there will also be studies of inversion methods to be applied for IR 
sounding methods. The studies will concentrate on global, regional, and small scale modelling. 
The talk will outline the status of the current projects and plaus for the future . 

90 



OCEANOGRAPHY -3/0CEANOGRAPHIE-3 

Experiments with a Thermocline Model for the North Pacific 
M.G.G. Foreman, Institute of Ocean Sciences, Sidney, British Colwnbia 
A.F. Bennett, Oregon Statf' Uninlsity, Corvallis Oegon. U.S.A. 

A three dimensional model has been developed to simulate the circulation of heat and salt in 
the North Pacific Ocean. Although this model incorporates real bathymetry, real coastlines, and 
has a high resolution in the vertical, the horizontal resolution is coarse and the model physics 
have been simplified in order to facilitate data assimilation. A discussion of the model attributes 
and some experimental results will be presented. 

On the Modelling of the North Atlantic Interannual Variability using COADS 
for the Period 1950-79 
R. Michaud, C.A. Lin, Deputment of Meteorology, McGill University. Montreal, Quebec 

The COADS data (merchant ship) for the period 1950-79 are used to reconstruct the interannual 
variability of the North Atlantic surface forcing fields. The latter are the availahle solar heat dux, 
the net long-wave heat flux, the sensible and latent heat fluxes and the zonal and meridional 
wind stresses. These forcing fields are used to drive a two-and-a-half layers primitive equation 
basin scale upper ocean model. We examine the interannual variability of the North Atlantic 
forcing fields and their impact on the various simulated fields of the model. In addition, the 
interannual variability of the model is compared to available oceanographic measurements. 

The Georges Bank li-ontal Study 
K. Drinkwater, E. Home. J. Loder, N. Oakey, Bedford Inst. of Oceanography, Dartmouth, Nova Scotia 

A physical oceanographic study of vertical and horizontal exchange processes in the vicinity 
of a tidal front on the northeastern side of Georges Bank is described. The field component 
was undertaken during June-October of 1988 with additional current information gathered in 
July of 1989. Eulerian observations included moored current meters at siz sites in 1988 and 
one site in 1989. In 1989 velocity profiles were obtained from a ship-mounted acoustic Doppler 
current profiler. Lagrangian currents were measured by the repeated release and recovery of 
satellite-tracked surface buoys and LORAN-C drifters drogued at 10 m. Hydrographic data were 
collected from 6 CTD surveys, moored temperature chains, and detailed sections with the towed 
Batfish. Velocity and temperature microstructure measurements were taken at hourly intervals 
over the tidal cycle at the six current meter mooring sites. Some results from the field study 
will be presented. Of particular note was the identification of a tidally-forced internal hydraulic 
jump at the northern edge of the Bank. Enhanced turbulence levels and vertical miring were 
measured within the hydraulic jump. The possible role of the internal waves in cross-bank 
exchange processes will be discussed. 

Parksville Bay - An Investigation of Erosion 
B.J. Holden, Water Manacement Branch, Ministry of Environment, Victoria, British Columbia 

Parksville Bay bas an extensive flat foreshore, of very fine sand, which is a very important 
tourist resource for the City. Over the past few years, the city of Parksville has noticed an 
apparent erosion of the sandy beach area of Parksville Bay. It was also noticed that oft'shore 
bars, composed of gravel and cobble, were forming oft' the mouth of Parksville Bay. 

The city of Parksville brought their concerns to the ailention of the Ministry of Crown Lands 
and Miaistry of Environment, aud requested an investigation. Subsequent to this request, the 
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Ministry of Environment's coastal engineer made a presentation to the city of Parksville, describ­
ing the natural wave forces and beach processes which can be expected in the Parksville area. 
Following this presentation, the city of Parksville requested that the Ministry of Environment's 
coastal engineer catty out a more detailed study of the erosion question. 

The study includes available data on geomorphology, ocean water levels and the wind and 
wave climate in th< area off Parksville. The study also includes a description of the coastal 
proe-esses along this coast and a discussion of some' of the changes which have occurred over 
the last 40 years, with conclusions and recommendations. It was found that the natural sources 
of beach material for Parksville Bay are still available and that there are no structures on the 
coast near Parksville that disrupt the coastal processes. It is concluded that any changes, which 
may have occurred in recent years on the Parksville Bay beach, are probably natural processes, 
which occur from time to time. It is recommended that a detailed cross-sectional survey of 
the Parksville beach and foreshore be carried out, and that the City bylaws be amended with 
appropriate coastal setbacks. 

ATMOSPHERIC DYNAMICS- 3 

DYNAMIQUES ATMOSPHERIQUES- 3 

A Convenient Vertical Coordinate System for Integrating the Euler Equations 
B. Dugas, R. Laprise, Department of Physics, University of Quebec at Montreal, Quebec 

A novel vertical coordinate transformation has been developed that has some advantages for the 
numerical integration of a model based on the Euler field equations. Unlike the ubiquitous scaled 
height coordinate employed in non-hydrostatic models to date, the new ~mass coordinate" has 
the advantage to revert exactly onto pressure when non-hydrostatic effects become negligible. 
Preliminary results obtained with the application of this coordinate system in a global spectral 
model of the atmosphere will be reported. 

Vertical Wave Propagation in the GFDL "SKYHI" Model 
K. Hamilton. Geophysical Fluid Dynamics Lab./NOAA, Princeton Univ., Princeton, New Jersey, U.S.A. 

Both observations and numerical simulations show that the total wave activity flux decays rapidly 
with height in the middle atmosphere. This suggests that vertically-propagating waves are 
strongly dissipat<d in the stratosphere and mesosphere . The complexity of the spectrum of 
vertically-propagating waves makes a diagnostic determination of how the wave dissipation oc­
curs very difficult, even in a general circulation model. In the present work a monochromatic 
equatorial Kelvin wave was introduced (via an arbitrary heat source) into the" 40-level GFDL 
"SKYHI" grid point model. A number of experiments have been conducted in which the ampli­
tude and phase speed of the imposed wave have been varied. The details of wave propagation 
and dissipation can be fairly readily diagnosed for the imposed simple monochromatic wave. The 
results suggest that a small-amplitude planetary-scale Kelvin wa .. can be described quite well by 
conventional linear theory, if the effective mechanical dissipation due to the presence of a broad 
speC'trum of breaking waves is included. The finite-amplitude effects of the imposed wave on the 
zonal mean flow will also be discussed. 

The Distribution of the Time (Till) Surface Contact for a Fluid Element Observed 
(Released) in the Convective Boundary-Layer 
J.D. Wilson, Department of Geocraphy, University of Alberta, Edmonton, Al~rt.a 
G.E. Swaters, Department of Mathematics Univenity of Alberta, Edmonton, Alberta 

If an observation is made at height h in the convective boundary-layer it may be of interest to 

92 



estimate the distribution of tho time (and upstream distance) since the parcels observed last made 
contact with the ,surface (e.g. , from the point of view of determining the source area contributing 
to a measured flux); by symmetry this equals the distribution of the time till surface contact 
for release from a source at h. 

We will present analytica1 solutions for the distribution of time since contact by treating the 
CBL as consisting of two layers: an outer homogeneous layer with appropriate'. eddy difFusivity K o 
and a surface layer which may be homogeneous (with arbitrary constant K f ) or inhomogeneous 
with K, <X Z, where z is distance from the surface. It is found (not surprisingly) that the 
predicted distributions are very sensitive to the assumed eddy diffusivity at the most resistant 
part of the diffusional pathway, i.e., to the minimum value of K,. If we pick K, = const = K(2 IL Il 
(where K(2 ILI) is the "real world" eddy diffusivity at a height of twice the magnitude of the 
Monin-Obukhov length) we obtain an underestimate of the time since contact; even so, for a 
parcel tagged at h = 100 m in a CBL characterised by height 6 = 2 km, surface friction velocity 
U •• = 0.3 mj s, and Monin-Obukhov length L = - 12 m, we find a 20% probability that the most 
recent contact with the surface occurred more than two hours ago. 

Some Aspects of Eddy.lnduced Mean Meridional Circulation in the Atmosphere 
T.G. Shepherd, Department of Physics, University of Toronto, Toronto, Ontario 

As shown originally by Eliassen (1951), the instantaneous response of the zonal-averaged atmo­
sphere to eddy forcing consists partly of a balanced tendency in the zonal wind and temperature 
fields, and partly of an eddy-induced mean meridional circulation. However, an effect that has 
been neglected in all studies from Eliassen onwards is the net meridional mass flux which is 
associated with a non-vanishing surface-pressure tendency, and which is an integral part of the 
response in the atmospheric angular momentum to an imposed torque. This "surface-pressure" 
effect will be elucidated through idealized examples; it turns out to be of major importance for 
planetary scales of motion. 

The mean-flow response to eddy fluxes in a baroclinic life·cycle, calculated using the primitive 
equations on the sphere, will be described within the context of the above theory. The same 
picture will also be presented in terms of the "Eliassen-Palm" flux, and an explanation will be 
offered for Pfeffer's (1987) discovery that the horizontal momentum flux convergence seems, after 
all, to be a better predictor of zonal-wind acceleration in the troposphere than is the mternal 
E-P flux convergence. Implications for transient-eddy parameterization (or "Rossby-wave drag") 
schemes will be discussed within this framework. 

In the steady problem, a very simple constraint exists between the eddy forcing and the so­
called "diabatic circulation". the latter being the best approximation to the tracer-bearing, mean 
Lagrangian circulation. It is argued that the strength of this circulation at any level is controlled 
by wave-breaking (and associated irreversible eddy fluxes) above that level, and that this fact 
has important diagnostic implications. The transition from the instantaneous response, which is 
elliptic in character, to the downward-controlled steady state, which is hyperbolic, is investigated 
through a study of the linearized initial-value problem in a radiatively-damped atmosphere. 

Development Equations for Hydrostatic Meteorological Systems of All Scales 
P. Zwack, M. Desgagne, Departement de Physique, Universite du Quebec a Montreal, Quebec 
P. Smith, Department of Earth and Atmospheric Sciences, Purdue University, West Lafayette, Indiana, 
U.S.A. 

The causes of the development rates of meteorological systems is currently a subject of widespread 
research, especially explosive development rates. Quasi-geostrophic development equations such as 
Petterssen's (1956) and Zwack and Okossi's (1986) provide a theoretical basis for understanding 
and diagnosing development rates having Rossby numbers of the order of 0.1. Unfortunately, 
observations and model simulations suggest that explosive developing systems are associated with 
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larger Rossby numbers. Tsou et aI. (1987) attempted to diagnose the rapid development of an 
intense system using an "extended" (higher Rossby number) version of the height tendency 
equation found in Hollon (1979). Their results suggest that the extended set of equations were 
appropriate- for the system and diagnosed development rates of the right size. However, the 
causes of the- intensE' development could not be- dire('tiy deduced. 

In order to oven'orne thest" problems, a dt"vt"iopmt"nt equation (in isobaric' coordinates) has 
bE-en derived that is valid for hydrostatic systems for all Rossby numbers. It combines the­
standard primitiyf' equations (motion . ('ontinuity. hydrostatic, energy. and ideal gas) into onE' 
equation and makes use of thf' fact that the vertical motion goes to zero near the top of the 
atmosphere. The derivation of this genoral equation will be presented along with appropriately 
scaled vesions for various Rossby numbers between 1 and 0.1 which includes development equa­
tions <orresponding to Krishnamurti's (1968) "balanced omega" equation and Tsou .t al. 's (l987) 
"extended" tendency equation. 

MARlNE CHEMISTRY- 2 

CHEMIE OCEANOGRAPHIQUE- 2 

Dissolved Indium in Seawater - an Analogue for Aluminum and Gallium 
I\.J. Orians, Department of Oceanography, University of British Colwnbia. Vancouver, British Colwnbia 

A preliminary look at the marine geochemistry of dissolved indium shows features similar to 
thosf' found for dissolved aluminum, with a surface maximum and lower concentrations in the 
deep waters. Dissolved gallium, in contrast, shows low values in the surface waters, a subsurface 
maximum, and concentrations increasing from a minimum in the intermediate waters to a mu­
imum at depth. DifFerences in th(' distributions of indium, gallium and aluminum, in the same 
column of th(' periodic table, are indications or the biogeochemical controls on bace elements 
in seawate-r. Aluminum and gallium have- an eolian surface source, a deep (pore water?) source 
and rapid rt'moval from tht' watt'r column via adsorption onto particlt' surfaces ("scavenging"). 
The gallium distribution indicatt's a Jongtr rt'sidtm:e time- (Jess particle-reactive), a more involved 
intt'rnal cyde of uptake, rtgent'ration. and rt'-scavenging in the upper water column - creating 
it subsurface maximum, and a mort' pronounced dt't'p water source. Tht' relative reactivity of 
AI and Ga is proposed to be controllt'd primarily by the hydrolysis speciation, with the ao­
ionic Ga(OH)4 - species being less rt'active with anionic particle surfaces than the predominantly 
neutral AI(OH)3 sped .. (Orians & Bruland , 1988a). 

Indium, prt'dicted to txist as the neutral In(OH)3 sptcies, is t'xpe('tC"d to be more like 
aluminum in its seawater reactivity than gallium. consistt'ot with the data presented here. In 
addition. the anomalous subsurfacE' maximum observed for gallium indicatf's that certain biogeo­
cht'mical cycles are affecting dissolved gallium which do not have a significant effed on aluminum 
and indium. aoovt" and below gallium in the periodic tablt'. Dissolved gallium may have a greater 
involvement in biological cycling, due to the similar charge and radius of Fe(II1) and Ga(III). 
Gallium may be inadvertently taken up into soft tissue in thE' surface waters and regenerated 
at shallow depth along with iron and other nutrients. Gallium wouJd then be scavenged onto 
particle surfaces at depth, departing from nutrient-type behavior and returning to the behavior 
typical of th. group three elements, exemplified by Al and In . 

Meromictic Lakes in British Columbia 
K.A. Perry, T .F. Pedersen. Department of Oceano&raphy, Uninrsity of British Columbia, Vancouver, 
British Colwnbia 

Powell and Sakinaw lakes are stably stratified ex-fjords, which be<ame isolated from the Strait 
of Georgia approximately 12,000 yoars ago by emerged sills due to post-glacial isostatic rebound. 

94 



Although both lakes contain highly sulphidic relict seawater (PL 3.0 mM; SL 5.5 mM), they 
have distinct chemical differences, which may in part be' due to SL receiving occasional inputs of 
seawater over the barely-emerged sill when strong onshore winds are coincident with spring tides. 
PL, now 50 m above sea level, has not had seawater input since the sill originally emerged. SL 
has a very sharp chemodine located just below th~ oxic/ anoxic interface, whereas in PL, the 
interlace is spread out over 200 m of the water column. One- of the- more startling differences 
between the lakes is seen in their nutrient chemistry. Both lakes tend to serve as nutrient traps as 
the stratification prevents upward mixing of nutrients released at depth from remineralization of 
organic matter. Ammonia concentrations are 4 mM and nearly 8 mM in PL and SL respectively. 
Silicate is also present at very high levels (PL 300 I'M, SL 1000 I'M). However, although a 
large amount of dissolved phosphate is released at depth in SL (300 I'M), concentrations never 
get above 0.7 I'M in PL, resulting in inorganic dissolved NI P ratios of> 7000, over 400 times 
thai predicted by the Redfield ratio. This is in spite of both lakes having relatively similar 
particulate organic NIP ratios in the upper oxic waters, which vary from the Redfield ratio by 
a factor of 8 at the most. Hence, some mechanism for phosphorus removal is present in PL , 
although geochemical conditions are not conducive to phosphorus mineral precipitation. 

Geochemical Behaviour of a Buried Marine Mine Tailings Deposit, 
Howe Sound, British Columbia 
K. Drysdale, T.F. Pedersen, Department of Oceanography, University of British Columbia, Vancouver, 
British Columbia 

The Anaconda Mine at Britannia Beach, B.C. operated for 75 years, dumping a tailings slurry 
enriched in copper, zinc, and lead into the restricted inner basin of nearby Howe Sound. A 
study began in 1987 to determine the extent of metal contamination still evident in the surface 
sediments of the sound (despite roughly 15 years of dilution by natural sediments) and the 
current reactivity of those tailings. Analysis of 150 surface and core samples from throughout 
the sound show that copper, zinc and lead are still enriched in sediments near the original mine 
outfall, though metal levels are considerably diluted relative to concentrations found shortly 
after the mine shut down. With distance from the mine site, metal levels rapidly decrease in 
surface sediments in both basins, approaching normal background levels for the area. Porewater 
analysis of two cores was undertaken to determine the redox conditions within the sediments, 
which in turn can detemine the reactivity, or mobility. of trace metals. The inner basin, which 
has periodic hypoxia events due to restricted deep water circulation, has a compressed redox 
profile, becoming anoxic very close to the sediment/ seawater inteface. This, plus the absence 
of dissolved sulphides in porewaters, presumably due to pyrite precipitation suggests that the 
metals of interest are largely contained within insoluble sulphides, and therefore are effectively 
prevented from diffusing into the overlying water. 

OCEAN ACOUSTICS AND REMOTE SENSING 

ACOUSTIQUE OCEANIQUE ET TELEDETECTION 

Remote Monitoring of Thermal Structure and Growth of Labrador Shelf Ice 
1. Peterson, S.D. Smith, S. Prinsenberg, Bedford Institute of Oceanography, Dartmouth, Nova Scotia 
R.H. Orton, MetOcean Data Systems, Dartmouth, Nova Scotia 

A prototype Ice Monitoring Platform, designed to measure air temperature and the temperature 
profile of sea ice and to transmit the data via satellite, was deployed in shore-fast ice along 
the Labrador coast, giving information on ice thickness and growth through the 1988 ice season 
(January- May). The rate of release of heat offusion due to growth of new ice at the lower surface 
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was found to be neariy equal to Ihe upward conductive heat flux through Ihe ice, indicating 
that the oceanic heat flux was negligible. Ice growth rates are compared to those predicted by 
"free.ing degree day· formul .... 

Assimilation of Satellite Sensed Wave Data into an Operational Wave Model 
- An Evaluation based on Selected Canadian Atlantic Storms 
R. Lalbtharry, M.L. Khandekar, Atmospheric Environment Service, Downsview. Ontario 

With the expected availability of wind and wave dala in real time from the European Space 
Agency ERS-1 satellile scheduled to be launched in lale 1990, there is a growing interest in the 
problem of data assimilation in cxean wave prt'didion models . The assimilation of wind and 
wave data in wave models is expected to create more accurate initial sea states, which may lead 
to improved wave nowcasting and forecasting. 

This paper examines the impact of integrating wave data in the specification of the initial 
wave energy for an operational wave model. The wave model grid covets the northwest Atlantic 
and is driven by winds produced by Ihe weather prediction model of the Canadian Meteorological 
Centre (CMC) at Montreal. The integration of wave data is made over two storm periods selected 
from the Canadian Atlantic Storms Program (CASP) field project conducted from January to 
March 1986. The hindcast initial wave field is considered to be the first guess field which is 
then modified using Ihe G EOSAT satellite and buoy wave data and the Cressman successive 
correction method. 

The incorporation of wave data to initialise a spechal ocean wave model provides a definite 
improvement of the wave forecast t in particular, the nowcast and the Uday-one" forecast. The 
two storms examined in deep waters in the Canadian Atlantic suggest the potential impact of a 
wave data assimilation system for wave prediction in coastal and deep waters. 

The Hori.ontal Interpolation of Sound Speed using Density Surfaees 
K.L. Jones, S.R. Waddell, Department of Phsyics, Royal Roads Military College, Victoria, British 
Columbia 

An interpolation algorithm to ddermine sound speed from limited CTD measurements has been 
developed. Tht algorithm constructs linear density surfaces, using observed CTD data from two 
or thret' stations, at various depths throughout the water column. Temperature and salinity 
art calculated at an intermediate position using linear interpolation along these density surfaces. 
Sound spt'ed profiles at the intermediate position are then construc-ted. The interpolated profiles 
art' testf'd by comparison with measured profiles at the same location. Initial test results indkate 
that this method produces reliable sound speed profiles for possibl. use in range dependent 
propagation stud its. 

The Sound Field Disturbance Caused by a Mediterranean Salt Lens 
S.l . Nt'wton, S.R. Waddell, Department of Physics, Royal Roads Military Colle«e, Victoria, British 
Columbia 

Sub-mesoscale coherent vortices of Mediterranean water called meddies can be found in the main 
sound channel of the Canary Basin. Their positive temperature and salinity anomalies create a 
+16 m S-I sound speed aberration at 30oN. The meddy splits the sound channel into a thermal 
sound channel and a deeper hydrostatic channel. Examinalion of historical data reveals that the 
sound speed anomaly caused by the meddy is never large enough to exceed the limiting sound 
speed of the background maiD channel. 

The sound field generated by sources at 1000 HI and 4H. were examined for seasonal and 
geometric variation in both non-perturbed (meddy absent), and perturbed environments. The 
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presence of a meddy had negligible effect on a shallow source in summer and only weak effect 
in winter. Sound fields generated by sources at 500, 1000 and 2500 m experienced large (up 
to 12 dB) variations in transmission loss. It was found that the meddy removed energy from 
the convergence zones and redistributed it into the shadow zones within the SOFAR channel. 
Strong modal coupling caused by large horizontal sound speed gradients at the meddy edge for 
frequencies above 6 Hz caused by ray path instability created a complex arrival pattern. 

Acoustic Propagation and its Angle-of-Arrival Distribiution in a Turbulent Boundary 
Layer 
D. Dilorio, Institute of Ocean Sciences, Sidney and Department of Physics, Uninrsity of Victoria, 
Victoria, British Columbia 

Measurements of acoustit.' propagation at a frequency of 67.6 kHz have been obtained over a 
wholly refracted path of length 0.7 km in a shallow tidal channel (Cordova Channel) whert 
the water is actively mixing due to the presence of a bottom boundary layer that has spread 
throughout the water column. The use of a 2-dimensional transducer array and the availability of 
a signal-to--noise ratio sufficient to resolve phase ambiguity, permit calculation of both horizontal 
and vertical components of the angle-of-arrival distribution. The properties of this distribution 
depend on the soundspeed fluctuations (evident both in the acoustic propagation direction and 
in the vertical plane), current flow, and the anisotropy of the refractive index variability of the 
intervening medium. 

THE LAGRANGIAN OCEAN- 2 
L'OCEAN LAGRANGIEN-2 

Computerized Radar Tracking of Surface Drifters in Barkley Sound 
J .R. Buckley, D~tment of Physics, RoyaJ. Roads Milit.ary College, Victoria, British Colwnbia 

The practice of estimating surface circulation through the successive positioning of surface-keyed 
drifting buoys using standard marine radar is well established. A major practical problem of the 
technique has been that recording techniques of radar data (either photographic or manual) have 
required that target position determination and identification take place after the field work has 
been completed. 

To alleviate this problem, an inexpensive and portable system has been design~d in which a 
small marine radar is directly connected to an MS-DOS computer. Software provides automatic 
digital recording and display or radar data, semi-automatic target identification and tracking, 
and real-time data processing. The result is a system which simplifies the operation of a surface 
current measurement study and reduces the post-field phase of data processing to negligible 
amounts. 

The system was successfully tested in Barkley Sound on tht west coast of Vancouver Island 
as part of the Marine Survival of Salmon (MASS) field program in the summer of 1988. Twelve 
days of useful data were collected in late May and early June from a small vessel at anchor . 
These data provided a time-dependent picture of surface circulation within a two mile radius of 
the measurement site and showed that flow through the archipelagos thai divide the Sound into 
three regions was driven more by tide than by wind. 
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Lagrangian Drifter Tracks in a Wind-Driven Barotropic Model of 
Queen Charlotte Sound and Hecate Strait 
C.G. Hannah, P.H. LeBlond, Depa:rtment of Oceanography, Uninrsity of British Columbia, Vancouver, 
British Colwnbia 
W.P. Budgell, W.R. Crawford, Institute of Ocean Sciences, Sidney, British Colwnbia 

Knowledge of the exchange processes between the Pacifi<- Ocean and the coastal waters be­
tween the Queen Charlotte Islands and the mainland is important for fisheries management and 
petroleum exploration. A barotropic model of Queen Charlotte Sound and Hecate Strait was de­
veloped to provide preliminary information on this exchange. When fOI!:ed by idealized summer 
winds, the model simulates many of the features of the summer currents evident in current me­
ter observations. Drifter tracIs were computed for two scenarios: a summer storm and a period 
of relatively light winds. These simulated tracks will be used to determine the placement and 
expected trajectories of surface drifters during a two-month observation program in the summer 
of 1990. 

Comparison of Modeled and Observed Drifter Trajectories in Western Lake Erie 
D.J. Schwab, NOAA Great Lakes Environment Research Laboratory, Ann Arbor, Michigan. U.S.A. 
G.S. Miller, R.C. Murthy, National Water Research Institute, Burlington, Ontario 

Th. western basin of Lake Erie is a shallow (8 m average depth) semi-enclosed area separated 
from the main body of the Lake by a chain of islands. A largo tributary (Detroit River, average 
flow 5700 cubic metres per second) flows into the northwestern part of the basin. Because the sue 
of the basin (2900 square km), circulation patterns are sometimes dominated by the hydraulic 
flow and sometimes dominated by wind-induced currents. The shallow depths in the basin make 
a measurement program from fixed moorings impractical. Therefore in 1986, three deployments of 
eight satellite-tracked Lagrangian drifters were carried out to investigate the relative importanc~ 
of wind-induced versus hydraulically-induced currents and to determine mean flow patterns. Each 
deployment lasted about two weeks. Drifter trajectories reveal a tendency of the hydraulic flow 
to cling to the north shore, but on some occassions the flow is more uniformly distributed 
throughout the basin. Two-dimensional and three-dimensional lake circulation models are used to 
simulate currents in the western basin during the deployments. A particle trajectory model with 
a variable windage parameter is used to simulate observed drifter trajectories. Optimal values 
of the windage parameter for each of the deployments are compared and differences between 
modeled and observed trajectories are discussed. 

Particle Drift in the Surface Layer off Southwest Nova Scotia: Evaluation of a Model 
P.C. Smith, Bedford Institute of Oceanography, Dartmouth, Nova Scotia 
F.H. Page, Department of Oceanography. Dalhousie University, Halifax, Nova Scotia 

A two-dimensional, nonlinear barotropic model, driven by quasi-steady wind and M2 tide, is 
used to investigate particle dispersion in the surface layer off southwest Nova Scotia. Particle 
trajectories ar. influenced by 1) tidal phase at the time of release and 2) the relative strengths 
of the residual current components driven by mean surface wind stress and by tidal rectification. 
Low-frequency periodic winds have little effect on the net particle displacements. Comparisons 
between modelled and observed trajectories of satellite-tracked drogues indicate that the model 
consistently underestimates the magnitudes of the observed displacements and occasionally gives 
the wrong direction as well. These discrepancies are probably related to a) unmodelled baroclinic 
components of the circulation, and/ or b) poor model resolution of strong topograpbic gradients 
resulting in weak model currents. A sensitivity analysis explores the influence of residual current 
strength on model displacements. 
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PUBLIC LECTURE/LECTURE PUBLIQUE 

Climate Change: Can the Forest Sector Respond! 
D.F.W. PoUard, Pacific Forestry Centre, Forestry Canada, Victoria. British Columbia 

Foresters art caught in a dilemma: they implement plans for OUt future forests that are quite 
irreversible, but they must do so amid many uncertainties. Along with a predicted shortfall in 
timber supply, emerging competition offshore, and a rapidly developing public involvement in 
decision making, the forester must now cope with the threat of disturbance in the most critical 
faclor of all, climate. At the heart of the issue is the possibility that forest ecosystems, both 
natural and managed, old and new, will gradually become less adapted to prevailing conditions 
as climatic regions shift position during the CO~IISt of a single life cycle of the dominant trees. 
Some technological solutions will undoubtedly ensue, but the impacl of a mismatch between 
forests and climate will ultimately depend on the resilience in the genetic composition of key 
species. In worst case senarios, forests will become stressed by soil moisture deficits induced by 
climate change, and rendered increasingly vulnerable to pests that may in tUln be favoured by 
the same changes. Offsetting such calamitous prospects is the possibility that forest growth will 
be enhanced by warmer longer seasons and by an assured increase in available carbon dioxide; 
the latter offers the intriguing potential for improved efficiency in the use of water, even under 
drought. In the meantime, forests are being perceived as instruments for conserving carbon. 
The concept of forests as sinks for excess carbon has been promulgated by local residents and 
international agencies alike. Great care must be exercised in drawing upon the forest resource 
for this task, for only certain strategies can be effective, and even these must be on a massive 
scale. There is potential for ineffective action that could seriously compromise options open to 
forest managers. It is conceivable that forest nations will be called upon in the future to assist 
in slowing the greenhouse effect. But the ultimate solution must lie in curbing emissions, not 
absorbing them. 

PLENARY- 2/SEANCE PLENIERE- 2 

Macroseale Hydrologic Models 
l.C. Schu.1te, National Weather Service. Offict of Hydrology, Silver Spring. Maryland, U.S.A. 

One of the most important research areas to improve our understanding of the climate changes 
that might oecur from increases in Greenhouse gases in the atmosphere is the hydrologic cycle 
of the earth. The ICS / WMO World Climate Research Program is planning a Global Water 
and Energy Cycle Experiment (GEWEX) to contribute to this research need. 

Hydrologic models that would be appropriate to use at the scale of a Global Climate Model 
(GeM) grid squa .. (e.g. 10' km') and that could accept atmospheric model data as input are 
"macroscale" hydrologic models. During the past three decades, hydrologists developed a large 
number of hydrologic models ranging in sophistication and complexity. Essentially all this work 
applies to geographical areas smaller than the area represented by a typical GCM grid square, 
although some basin-scale hydrologic models have been applied to areas as large as 10' km'. 

Preparing macroscale hydrological models for G EWEX is a major undertaking that will 
require a cooperative effort of hydrologists and other geoscientists throughout the world. The 
challenge is to extend existing knowledge of hydrologic processes, as they occur at a point location 
and on the scale of small basins or catchments, to the macroscale. Macroscale hydrologic models 
for GEWEX must be able to exchange information with atmospheric models. Proe ..... that 
occur at subgrid scale must be accounted for internally in the hydrologic models. Ultimately, it 
must be possible to apply the model globally. Sufficient data do not exist to calibrate macroscale 
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hydrologic models in the same way that hydrologists usually calibrate catchment models. There­
fore, the required macroscale models must account for th~ water balance of "ungaged areas", and 
model parameters must be estimated a PMOri using limited climate, soils and vegetation data. 

To help define the work to be done and to stimulate some of the required collaboration, 
a joint working group on GEWEX was formed by JAHS and WMO. It was agreed at the first 
meeting of the lAHSj WMO Working Group for GEWEX at Baltimore, U.S.A., 15 May, 1989 
that a "Pilot study of large-scale hydrological modelling" b. undertahn . This project would 
support the broad objective of development, validation and use of large-scale hydrological models 
spanning a hierarchy of scales, possibly coupled with GCM 's, and making uo. of data from space 
observing systems. The working group established an ad hoc steering group to develop a detailed 
proposal. 

A proposal was developed by the steering group and presented to the second meeting of the 
lAHSjWMO Working Group for GEWEX at St. Moritz, 12 December, 1989. It was proposed 
the project should draw on Lht" expertise of several national groups already involved in this area. 
The JAHSj WMO Working Group requested the steering group to identify specific groups and 
contributions they are prepared to make during the interim period of GEWEX. 

At the second planning meeting of the Scientific Steering Group for GEWEX, at Paris, 
January, 1990, it was agreed to undertake a Continental Scale Hydrological Pilot Study. Because 
enough historical data should be readily available for the Mississippi River Basin, it was decided 
to focus the pilot study on that basin. The study is proposed to begin immediately and continue 
for 5 years. 

Several areas of work are needed to prepare macroseale hydrologic models for use in GEWEX. 
These are: 

(i) Develop alternative macroscale hydrologic models. 

(ii) Intercompare and evaluate alternative models through lalge seale hydrologic experiments. 

(ill) Assess data requirements. 

(iv) Develop data assimilation system and databases. 

(v) Estimate model parameters on a global scale. 

(vi) Incorporate macroscale hydrologic models in GCM 's and evaluate results. 

This paper presents a brief description of these areas of work. 

Influence of Glacial Melting Rates on Ocean Circulation and Atmospheric Chemistry 
over the Past 17,000 Years 
R,G. Fairbanks. Lamont-Doherty Geololical Observatory of Colwnbia Univ .. PaliHdes. New York, 
U.S.A. 

Coral reefs drilled offshore Barbados provide the first continuous and detailed .. cord of sea level 
change- during the last deglaciation. The sea level curve- is not monotonic; rathel , it is marked by 
two pulses of rapid rise centered at 12, 000±200 and 9, 500±200 radiocarbon years before present 
(BP) which ate separated by an inttrval of relatively slow sea level rise centered at 11,000 yrs. 
BP. The rates of sea level rise reached levels as high as 40 and 25 millimetres per year during 
these two pulses. 

The- oxygen isotopic composition of melting glacial ict" is extremely low (approIimately 
_ 42%06180) compared to sea water . The rapid injection of low 6180 melt water (primarily 
into the North Atlantic) can be radiocarbon dated and traced thToughout the world's oceans 
via 6180 measurements of deep sea cores. The 618 0 spikes are also propagated through the 
atmosphere via evaporation of North Atlantic surface waters low in 6180 and can be measured 
in precipitation records preserved in Greenland ice cores. This natural tracer experiment docu­
ments the rapid reorganilation of the ocean circulation and the ocean and atmospheric chemistry 
during the deglaciation. In addition, the 61&0 spikes allow stratigraphic correlation of well dated 
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def"p sea cores and poorly dated ice cores, thertby permitting comparison of atmospherie gas 
chemistry preserved in Greenland ier- cores and deep sea circulation reconstructions. 

Varying glacial discharge rates dramatically affected North Atlantic Deep Water (NADW ) 
production. NADW production rrached minimum flow during the two melt water pulses, mark· 
ing two periods when Norwegian ice sheets briefly readvan('ed to the North Sea. Coincident with 
the melt water pulse at 12,000 vears BP, North Atlanti(' intermtdiatf' water ceased production 
and was replaced by high pCO, Anta.ctic Intermediate Wate. which flooded the North Atlantic 
and possibly other oceans for the first time siner the last interglacial period . This interval is 
coincident with the rapid increase in atmospheric CO2 measured in the Dye III ice core from 
south Greenland. These results suggest that efforts to understand the causes of the lower atmo-­
spheric CO2 concentration during the glacial period might be redirected from current emphasis 
on the polar sink region to studies of the tropical source region. 

PLENARY- 3/SEANCE PLENIERE- S 

Global Sea Level Rise: An Oceanographic Indicator of Global Change 
W.R. Peltier, Departm~nt of Physics, University of Toronto, Toronto, Ontario 

Modern tide gauge records of secular sea level change are strongly contaminated by the onsoing 
influence of glacial isostatic adjustment. An accurate high resolution model h.as been developed 
that may be employed to filter this signal from the raw data. however. and this has been employed 
to reduce the time series of monthly mean heights from over 500 tide gauge records from which 
data are available over time spans longer than 10 years. These records are all contained in 
the archive of the Permanent Service for Mean Sea Level (PSMSL) at Bidston in the United 
Kingdom. Prior to removal of the isostatic adjustment contamination from these records the 
secular sea level signal is seen to exhibit both rising and falling levels depending upon geographic 
location , with regions of falling level corresponding to those that were ic.e covered during the last 
glaciation event of the present ice age. After filtering, the geographic heterogeneity in rates is 
considerably reduced, so much so that a globally coherent component consisting of a rise of sea 
levd at a .ate of 2.4±O.9mmyr- 1 is revealed . This could conceivably be driven by the enhanced 
"greenhOUSE> effE>C't" although no particular mechanism has been unambiguously identified by our 
anal~·sis. \\'e investigate the impart of a number of different variants of the analysis procedures 
upon the inferred global signal and find it to be sensitive to such variations. 

Recent Advances in Understanding and Prediction of Ocean Storms 
R. J . Reed , Department of Atmospheric Sciences, University of Washington. Seattle. Washington. U.S.A . 

OC'ean storms have bt't'n the object of much attention sinC'E" Sanders and Gyakum in 1980 raised 
thE> question of the cause of explosive marine cyclogenesis and speculated on the reason for the 
poor performance of t he operational numerical models of that day in predicting storm intensifi· 
cation. In the intervening years a number of field programs have beE"'D carried out to study ocean 
slo.ms: The Storm 'Transfe. a nd Response Experiment (STREX), the Genesis of Atlantic Lows 
Expe.iment (GALE) and its com panion project the Canadian Atlantic StOJm Program (CASP). 
the Alaskan and O«an Storms P.og.ams of NOAA. and the Experiment on Rapid Intensifica­
tion of Cyclones m the Atlantic (ERICA). At the same time mesoscale regional models have 
r een used increasmgly to examine the physical mechanisms involved in notable cases of marine 
cyclogenesis and to investigate the cause of forecast failures . Ironically, the forecast performance 
of operation models has vastly improved in the past few yeats with many spectacular successes 
now on record. Although this achievement has red u('ed the urgency of research in rapid cyclo-­
genesis , it has provided an unparalleled opportunity for diagnostic studies aimed at enhaDced 
understanding of cyclone development . This talk will highlight some of Ihe important findings 
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that havf' rnlf'r~f'<I fronl rrrrnt obsf'rvationaJ and nlodf'llin~ sludif's, 
On tht l,h~f'n-atit,lnal sidt', thf' main findinlot i~ the' "T-bont" frontal arrM1ftt"mt"nt and st"dudf'd 

warm cort" ObSf'fVf'd hy Shapiro in a numhf'r of major o(,f'anir rydoDrs, Although thf' struduJt 
hI\.. .. ft"ahuf'!I. in r\"lml1\OI1 with th(\sco ~htl,,'n in the t"arly Norwf'ftian cydonf' modf'l. its ~tnf'm 
,hw:" lll" fit Ih,' I'lliar fltlnl df'!>C'Jip'ltlil wt'lI, Hfttht'r it ('onform~ rt"tnft.rkahly ",t"il to r«rnt 
idc'uliud IIh\d.rf simuiAtil1ll!lo ,'f t·~" ·I, .. ,,, ,f(~\'rl"llfnt'nf lw tt')!lkin:oo fUhf \·V~t. Takft,yfthu . Pcoltif'r, 
~I . ,,'n' :Uht l'tLl:,wRrnpn, Rl1d :::;dliift" 111 ('R('h ,'It:oot' tlu' iU\'r!'ilitot"h1r~ !"IK1'tt'd thr :ooiUlulation!' frol1l 
nn iuililll ~tRI(' dmrft('lt"ri1.C'd h)' 8 .irl !>tre"am "'lth t'l1hlLttt' rd. h"Ttldiuit~· lwhlw il hut Ihl' " tht"rmal 
,H!'il'llittiuuity. It i~ pl'!>~ihk that tlu:, tilldintot wili le'at' h' A murh-ncot'drd rcoplart"l1le"nt of tht" polar 
f1'\'nt I1hldd R!'i tht' hal'i,' ,'\','h'Ut' m",ie·1. 

\)n thc' nll1t1t'ri ... ttJ nhl,it'llin~ :ooidt', simulstion:oo ""ith rcorU data hR"t' :ooht"d lllu('h li~ht on thr 
lUltUf(' , .. I' r:tpi,1 t'~' d,)~C'nt"~il' , ~t' n!'>ilh' ih' tr!lot!'> rt"\'t"&1 Ihat haf(ldinil~' And Istrut ht"at Jt"If'1ISf' 
Rh' t\lw:l~'~ Hl8jllr f'll'hlr:o in rapitt dt"t·lwllin~ . Tht" wle" of ~urf",'r t"ltcor!'.,' tluxt"s i~ quitt' vui­
:d ' k , f:lll!-!ill~ (r,\111 l1w,I"r:\I,'I)' ""!'Oiti"" h. :ooli~hlly nC'totftli\t' durin~ Iht' :!-I-h I't' ,i()d of lIl~t rapid 
,h'l'}1t'nll1~ 1'1", !'Ourfth'(' tIUXt'~ . h,'\\'('wr . :ootllllt'tilllC':OO pia) n ~'1'Ih'iltl r,)lt' d\lnl1~ th,' t"arl)' ~tagt"~ 

"f l'h'fHl:' Ihnl (,'rlll ~l\"c'r ,'r IIt'ur the' Gulf ~trt'am All ~' ft.. .. t"~ !'tutiit'd hl datt" invol\'e intt"ra('­
tlt'll IWI\\'c't'lt npPt'r,h' \'d :olhlrt W8\'C':, jrt. strt"sk.:oo aud 10\\"· 1("",,) h8rll('linit), in <'llnfl1rmil)' with thC' 
I'(,{h' r~~c' n t~ pc' H "t·:oo,'riplwlt and Iht' II'\" (l:oot'lltTllpil' }\lte"l1tittJ \',)rti"it),} t'l't"nario for l'~'dont" 

,k\"t' I"PlU t' IH t·r H,':okitb. ~tdntyrt' al\d Hobt'r~hln. AnMitt"r rt'l' t'nt tiutiintot tlf itltt'rt"~t ron\"t"rJl~ tht" 
I1Wt'lU\111:>1lI l.1" rupi,1 t'pin-up ,. f 1" ",,-lc·\'('1 Vllrtil-ity in t.ht" intt"n~r t't't"RU shnlU~ , Tht" llu"chtluislU 
lU\'"hc'~ :othln~ fTllnlt1~t'nt':ooil' a.:t i ll~ (lU ~)' mmt"tricall~' unstablt" or lIt'utral air in tht" warm frontal 
rt'~hlll nht':llt ,,( Ihc' (')'dlllit', as:oo"dRlrd ~tron.-:: fronlal &.~t"nt and vorttx-tubt" 5trC"t('hinft. and flo,,' 
"f Ihe \'l' 1'li"il)'- ridl air inhl thC' st(lfm ,'C'nh'r. 

HYDROLOGY ·· 2! HYDROLOGIE 2 

Anftly:ooi:oo of LOJl~-Tt'r1l1 Riverflow Vat" in Ontario 
It . l;,'rrIJ. WRIt'f RC"'lUll't"!' Brandl. Jnin,lId \\'61('r$ DirC'l'illfAtt". Onfaritl Rrtdon, EIll' ir~llUnconl Canada. 

l;uC'lph, Onlar il' 

TIlt' h\',Ir"llh'tri,' Ilt't\\"l'rk in l)ntari,. inl'lmlt'!> 8.pl'roximRttl~' 43U adh't" ri\'t'rtlllw lOtatilll1:OO, Of thi!' 
~hlUp :Hl haw ll111ft' thnn lifl WHr:, " f n',','rtL Thi~ ~hlci)' invt)lvco~ tilt' tc'\'it'w of tltt" dats of tht" 
!\lU!!-!t' fI\l t'13tit'u:, wilh r('~I1fd It. tlt' lIti!'> and pRtlt"rns. 

l'r,' nd nnal.\'~i~ ha:o bt'c'u " f ,' \llh'c'rn in lI\a11\' h,'dwtt"('hni"RI invcosli~8ti('ns Rnd ha~ bt'17omr 
\. 1" ilh' rt'a:;t'd ,','lh't'rn dUt' hl ,'li1118h' dHU1~t' (Iut'~t illn:o . l'rt'nd:oo in h~'(iflll,'!o!i,' data ~rirs ('an br of 
~ l nlpll' "f \',)1I1pkx \','mp"Sll i,'n . 'I'll<' trt'ud ~ mav tlt' duc' tt, "Rritlu~ inf.t'HC'nt.illn:oo Rnd / or may bt" 
I1h'rt·a:oOin~ . dt·'·h·l\l'>i n~. dllln~e'l' in 11It'au \'alur , incrt"ft.!Iot"lO or dt"('fcosst":'O in \'sriahilit,v, or ("ombination 
" f t ht'St , ~t'n' ral n:phmtt,)1'\ dala an HI,His tt"t'hlllqUt's art' applit"d in thi~ st.ud)' to trends in the 
!'lr lt·,'h'd ri\'<'rll,,\\ :'t'rh'S 

Pntkrns in tht' tinl8 !'>t'I~ ml'" bt' of \'Rriolt!> kindt" . Scovt"ral t"xplorator)' tt"chniqut"s wt"rf' 
l'l pplh-,i hI rt'\' it' \\ Rnd ~ain in~i~hl h\ thco individual rt"t'rth,,~' ~t' , ico~ and ~a.in &n improvrd Olcoasurt 
\If Iht' ~imil:ui t\, t\f lite' !Iot'rit".!I. nndt'r in\'t~sti~Rlilln , 

I'ht' h~' ''h)I,'~it' data ~rt:oo in\'t"~ti!o':Att"d inrludt" ~t8.t ion !i. with dAhl ht"~innin~ a.~ tarly as 1860, 
Tht' dJailla~r art'A:oo of tht' ~t8t hlU~ \'arit"t' in sitt" from :?U(l hl IUll. tlll,. squart" kilomrtrt"s, 

Tht' PRff'lllt"tt"U ltl\'t'~ti~ILIt'd mcll1dt": I1lt"Rn annual flllW t't"1'1t"!Io. 8nllu&l ma.xil1lulU-dail~' flo",' 
st"rit"~. annual 11la.xilUUIll-illstantallt"ou~ flow st'ricos and annunJ 1Ulllllllum-daily flow st'rif's , Vuiou~ 
paral1lt"tt'fS courd ht" !lif'it'('tt'd for in\'t"~tiftation of trrnds and paUcoflls_ Tht" abovt" four paral1lt'tt'rs 
wt'rco st"lt"l,tt"d sin(,t thcosf' providt" 8. rharartt'rization of long· tt'rm variability rrllarding avt'ragr 
Hows (and annual VOIU111t"S) , hi~h flows and low flow!' , 

Tht' study indiratf'S tht" complt'xity of rivtrflo,,' tllur st"rit'S oVt"r a rrlativtl)' long ~riod of 
timt" And also oVt"r a lar~r arta such &$ tht ProvinCe" of Ontari(l. Tht" Sittld~' &Iso ('ontirms thf' valut 
l,f appl)'ing t"xploratory data tt"rhlliqut"s in ~ainillg all impw\'t"d undt'fSt8udiup; of h)'drologiC' data, 
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Features of Runoff Index Compared to Monthly Streamflow at Selected Baoins 
L.O. Mapanao, Canadian C1imat~ Centre, Atmospheric Environment Service, DOWlllview, Ontario 

Runoff as exemplified by tht' customary precipitation minus evaporation equation is approximated 
by a moistutt'-heat balanct' index. 

How wen the ronolf index can faithfuny represent monthly streamflows are presented with 
our results for selected Canadian basins. 

An Assessment of the Record of Precipitation at Ocean Station "Papa" (1953-11181) 
J.L. Knox, Canadian Climate Centre, Atmospheric Environment Service, Downniew. Ontario 

Becau .. of the almost total absence of ground-truth measurements, published charts of the pre­
cipitation climatology of the world's oceani<- mid-latitudes show widely varying t"stimates, and 
nowhere is thf' disagreement more evident than over the- North Pacific Ocean. There have been 
relatively rerent attempts to produce more accurate estimates, e.g. Dorman and Bourke (1979) 
by statistically rf-Iating present weather observations to rate- of pre-cipitation. Singularly absent 
in all inVf-stlgations to date-, howe-ver, is the- use- of a unique- (for the high seas) 28-year record 
of prf'Cipitation amount at Onoan Weathe-r Station "P" (SOON 145°\\') . This papt"r r-xamines this 
rE'("ord's crf-dibility, from the point of vie-w of instrumentation, exposure, data quality control, 
and ("onsistt'nty with contemporaneous synoptic tonditions. 

The Use of Hydrographic Partial Duration Frequency Techniques to Identify 
Flood Generating Climatological Events 
R.A. McGinn. Departm~nt of Geography, Brandon University. Brandon. Manitoba 
A.C. Gil~s, Atmospheric Enyironment SerYic~ . Edmonton. Alberta 

Twenty-six watersheds lo("ated on the scarp fact' of th(" Manitoba Escarpment are or have been 
monitored by Water Survt'Y Canada. Each wate-rshed is considered to ~ "ilashy" since it drains 
an area less than 400 km:! and re-sponds to flow generating inputs (snowmelt and/ or rainfall 
.. ents) within sixty hours. The daily discharge records (1961- 1989) we .. examined and the 
annual hydrographs plotted. 

At least two peak flow events were identified for each watershed each calendar year. Daily 
chmatic variables and in many c&ses, the synoptic conditions associated with spfcifjc peak flow 
eyents were studied_ 

At least on("f- a year, a peak: flow is associatr-d with snowmelt climatic ('onditions. Occasion­
all)" a "rain-on-snow" eve-nt genfrate-s an enhanced snowmelt freshet. In somt" instancf'S, peak 
flows are the direct result of local thunderstorms while in others a sequente of baroclinic distur­
bances have gf-nerated a flood . Howe-yer. some of the most significant flood r-vr-nts appear to be 
associate-d with orographicallv reinforced frontal storms. 

Flood of September 1986 in the Watersheds of Lodge. Battle and Lyons Creeks. 
Southwest Saskatchewan 
L. Adrian. Water Resources Branch, SasbtchE'wan Distrid. Em'ironmE'nt Canada. Relina, Saskatchewan 

In September. ]986 a strong storm systf'm devel0pf'd ovtr Montana, generating high winds and 
heavy rainfall. On September 24 the storm e-ve-nt moved cyclonically in a northwest diredion 
across southwestern Saskatchewan and into eastern Alberta. 

Culminating from a combination of factors. including former hurricane Newton and formtr 
tropical storm Madeline, the storm deposited up to 175 mm of rain in Saskatchewan during 
the 48 hour period of September 24- 26. Fonowing in the wake of above normal precipitation 
which fell during the earlier part of September. the storm created extreme Sows and considerablt 
flooding in the Milk River tributary drainage basins of Lodge. Battle and Lyons c .. eks. Structural 
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damages were limited due to the sparsely populated natur. of the region. Storm formation and 
movement is detailed within this report. 

September 1988 precipitation at six climatological slalions in the area ranged from 342% 10 
960% above Seplember values. Frequency analysis on September rainfall yielded storm return 
periods ranging from 1 in 173 years to 1 in 4800 years. 

Data from sixt~en hydrometric stations in the- immediate- area have been analyzed. The­
timf of occurrenC't" of peak flows during the flood event at stations in the area shows that the 
slorm moved up the drainage basins, and that peak flows were predominantly due to localized 
precipitation rather than the culmination of runoff from the upper reaches. The maximum 
instantaneous recorded flow in the region was 280 m3 /s (19:00 CST September 25) at station 
Lodge Creek below McRae Creek at International Boundary (llAB083), which was an increase 
in flow of 279.95 m3/s over an eighteen hour period. 

Frequency analysis has been conduded using annual maximum instantaneous flows at those 
stations for which streamflow regulation is negligible. As recorded annual peaks in the area are 
almost solely the result of 'meltwater runoff in the spring, the resulting returD periods obtained 
during the analysis represent the likelihood of a similar event occurring at any time of the year, 
and not the likelihood of a similar occurrence in September. The probability of occurrence of a 
similar flow ranges from 1 in 1 year to 1 in 200 yeus at the stations analyzed. 

Effect of Land Surface Treatment on GeM Climate Simulations 
D. Vers~ghy, Canadian Climat~ Centr~, Atmospheric EnYironment Sen;'ce, Downsvjew, Ontario 

Tho results of seasonal climate simulations using Ihe CCC GCM and two widely differing 
land surface models are compared and contrasted. The first, or "old" model incorporates the 
force-restore mot hod for the calculation of ground temperatures and the s<>-called bucket model 
for ground hydrology. "CLASS" (Canadian Land Surface Scheme) features a three layer soil 
model with an explicitly modelled snow rover, an iterative solution fOI surface temperature and 
physically-based calculations of h~at and moisture transfer between layers. The ensuing difFer­
ences in global circulation patterns, surfac(" fluxes and heat and moisture budgets are examined. 

PALEOCEANOGRAPHY /PALEOCEANOGRAPHIE 

Late Quaternary History of Hydrography, Oxygen Depletion and 
Organic Carbon Accumulation on the Oman Margin 
T.r. Pfflf'rs~n , R. Zahn, D~partm~nt of Oceanol:raphy, Univtuit.v of British Columbia, VancouYer, 
British Columbia 
G.B . Shimmidd, Grant Institute of Geology, University of Ec:linburgh, Edinburgh. Scotland 

M("8Surements of th~ sedimentary organic carbon, nitrogen, and minor element concentrations 
are- used along with stablE' isotope records obtained from planktonic and benthic foraminifera to 
interpr<t hydrographic history al mid-depth (600 m) on the central Oman Margin (ODP Site 724) 
over the past half million years. Both C. wueller.torji dala and iodine/Corg ratio information 
indicate that the oxygen minimum on the margin has been continuously present over the period 
examined. Glacial·interglacial 6180 amplitudes recorded by benthic foraminifera are reduced 
when compared to the estimated mean ocean changes of 6180teawater. This implies that Red 
Sea outflow wa.ters (which are enriched in h'·O and hUC) were replaced during glacial periods 
by intermediate waters still enriched in hUC but relalively depleted in h'·O. Glacial-interglacial 
amplitudes of the planktonic h'·O record exceed those of the mean ocean h'·O variation and 
imply decreased surface water lemperatures at this site during glacial times. This might reSect 
the- influence of colder outflow winds from the Tibetan Plateau during these periods, or increased 
upwelling. These alternatives will be assessed in view of the organic carbon and nitrogen data. 
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Deglacial Ocean CO, -OutgB •• ing: Does it Limit High-Resolution " C-AMS Dating 
of the Last Glacial-Interglacial Transition? 
R. Zahn, Department of Oceanography, Uninrsity of British Colwnbia. Vancouver, British Columbia 
L.n. Labeyrie. Centre des Faibles Radioacti.it.es. Laboratoiu mixte CNRS-CEA Domaine du CNRS. 
Gil sur YVt'ttf' Cedex. France 

ThE" use of tandf'm B(,(,f'lerat or mass-spt"C'trometry (or radiocarbon dttermination has greatly 
improvt"d our ability to obtain ac('uratt agf' data from minG-quantities of foraminiferal car­
bonate samples. Paired He determinations on sam pits of ('.oexisting planktonic and benthonic 
foraminifera , for instanC'e, have shown that deep waters in the North Atlantic and Pacific oceans 
wert" older at the Last Glacial Maximum by respe('tively 200 and 500 years relative to modern 
df'ep-water ages. These increased glacial-maximum ages art' believed to document reduced rates 
or deep-sea ventilation which have resulted in longer residence- times of the deep-waters. As 
rfvealed by ice COf(' CO2 records obtaint'd from polar ice raps and Tibftan mountain glaciers, 
about 70 p.p.m.v. of CO, were injected into the atmosphe" at the end of the last glacial period. 
As most of the carbon available to drive these changes lies in thf ocean, this process has conceiv­
ably spiked the atmosphere with "old" CO, which has previously been stored in the deep ocean. 
Re-equilibrium of this old CO, with the ocean waters has the potential to alter the 14C/12C 
inventory of the ocean and thus to shift foraminiferal 14(" ages towards fictitiously older ages . 
This would artificially steepen the age-depth relationship within sediment cores and hence mimic 
fluctuations of the rate of climatic change which in reality did not occur. We compare continuous 
planktic 14C-AMS profiles from three sediment cores with the glacial-interglacial CO, record ob­
taint'd from the Antarctic Vostok ice core. The data show periods of incre8.Sfd foraminiferal He 
exist in the- marine record which correlate with tht' deglacial ocean CO2 outburst recorded in the 
Vostok ice core profile. Depending on the rate of C02 release from thf ocean to the atmosphere 
and on the rate of air-se-a re-equilibrium, the age-equivalent of thf 10w. H c/ 12e COrovershoot 
could have been up to 700- 800 years. 

New Paleoclimate Indicators in Reef-Building Corals 
G.T. Sh~n , Schoo) of Oceanography. University of Washington, Seattle, Washington, U.S.A , 

Trace element distributions in corals from the Equatorial Pacific Ocean and Caribbean Sea re­
veal temporal variability associated with diversf climatological phenomena. Near thf Galapagos 
Islands. seasonal and interannual changes in Cd / ea and Mnl Ca ratios ate caused by upwelling 
and vertical displacement of the thermorhne associated with EI Nino, A sixty-year calibration 
of thfse proxy indires against intrumental records has bE-en compl~ted. 

In the- western Equatorial Pacific, hydrographic changes in the upper orfan are- generall y 
too subtle to cause variations in dissolvfd me-tals. Curiously. howe-vfr , Mn/ C'a ratios measured 
in a <oral from Tarawa Atoll (I ' N. 173' E) are highly perturbed during three El Nino- Southern 
Oscillation .. ents ( 1965, 1972. 1976) which o«urred within the lifespan of the coral (J960- 1977). 
These Mn enrichmfnts coincide with the appearan('t" of westt'rly wind anomahes at Tarawa which 
frequently signal the onset of ENSO. Particularly strong wind anomalies (5- 10 m/ s« ) during the 
above years (Harrison . 1987) may have- generated wind waVfS of sufficient strength to creatt" an 
aura of diagent"ticaJly remobilized Mn from within the shallow wfstward facin g lagoon of Tarawa. 

At Barbados in the Caribbean Sea, seasonal <yeling of Cd . Cu, Fe, and Ba in a 15-yr 
coral section are nfither associated with upweUing nor wind-induct"d resuspension , The taUSf' of 
thf observed variat ion is likely to be long-range surfa('e advt'C'tion or Amazon, and to a lesser 
extent , Orinoco River discharge. Inputs of metals via Saharan dust ftuxe!i are probably small 
in comparison. but increased transport during Sahelian droughts may be superimposed in tht 
coral record . 
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Sedimentary Geochemistry of the Late Pleistoeene and Holoeene Sediments of 
the Blaa Sea 
S.E. Calvert. Department of Oceanosraphy, University of British Columbia, Vancounr, British Columbia 
R. Karlin. Mackay School of Mines, University of Nevada. Reno. Nnada, U ,S.A. 

The geochemical record of changing oceanographic:- conditions during the late Pleistocene and 
Holofenf' f'voJution of the Black Sea has bf'~n examinf'd with a new suite of box and gravity 
cort's ('ollf'cted in 1988. High resolution rt"cords have been obtained through the modern facies 
(laminated coccolith marls), the sapropel (organic-rich mud) and th~ upper part of the Pleistocene 
lak. sediments (laminated calcareous muds). 

The surfact" sediments in the deep basin of the Black Sea have organic carbon contents of 
around 10%, d.cr.asing to around 6% below 5 em depth. They have chemical compositions con­
sistent with accumulation under fully anoxic conditions (high Mo, low I and Mn). The sapropel 
unit has much highff concentrations of C, I, MD, Mo, Ni and V, indicating an exceptionally high 
organic matter flux in an oxygenated basin. The base of the sapropel in each core examined 
contains a turbidite; this may signify a major basin-wide disturbance which was fonowed by a 
period of enhanced primary production caused by the overturn of the deep waters. 

The sediments below the sapropel unit were deposited under fully oxygenated conditions 
when glacially-lowered sea level isolated the Black Sea basin from tho Mediterranean. They 
contain significant amounts of authigenic calcite occurring as < 1- 10 I'm euhedral rbombs. These 
were produced during seasonal CO, depletion in a stratified lake which led to inorganic carbonate 
precipitation in the epilimnion. 

The complex stratigraphy of the sediments of the Black Sea provides an unusual opportunity 
to unravel th~ geochemical and mineralogical indices of sediment accumulation under marine oxic 
and anoxic conditions, variable organic matter supplies, and low salinity or freshwater conditions. 

OCEANOGRAPHY -4/0CEANOGRAPHIE-4 

Some Peculiarties of Tsunami Recurrence in the Northwest Pacific 
A.I. ]vashchtmko. Institute of Marine Geology and Geophysics, Far East Division, U.S.S.R. Academy of 
Sciences, Yuzhno-Salthalinsk, U.S.S.R. 

Th(" o("("UIrenre of historical tsunamis in space and time for the northwestern Pacific was inves­
tigat.d using the data, published in the well known catalogues by S.L. Soloviev and Ch.N. Go 
(1974. 1978. 1986). The recurrence function for the largest tsunamigenic earthquakes deviates 
notir("ablv from thf' Poisson distribution. An auto-oscillating regime with dominant periods of 
about 5.5 and 30 .vears and relaxation is exposed in the space and time interval under study. 
An attf'mpt was undertaken to reveal the possible relations of these peculiarities with manifesta­
tion of other know geophysical phenomena, such as solar activity. climate fluctuations and Earth 
rotation disturban("es. 

Investigation of Infragravity Waves on the Southwestern Shelf of Kamehatka 
P.D. Kovaln, Institute of Marine Geology and Geophysics, Far East Division, U.S.S.R. Academy of 
Sciences, Yuzhno-Sak.halinsk, U.S.S.R. 
C. V. She.chenko, U.S.S.R. 
A.B. Rabinovich, Institute of Marine Geology and Geophysics. Far East Division, U.S.S.R. Academy of 
Sciences, yu.Mo-Sakhaliruk, U.S.S.R. 

During the 1987- 1990 years several experiments on long wave observations were made OD the 
southwestern shelf of Kamchatka (Okhotsk Sea) . Two cable stations were installed there in 1987 
and three more in 1988. Microftuctuations of atmospheric pressure were recorded simultaneously. 
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The data of these stations were used to investigate ocean and atmospheric wavf>S with frequencies 
0.5-0.02 cpm. It was disC'overed that: 1) atmospheri<- spectra are very stable and monotonic in 
this frequency range and correspond to the power law ", - 2.3; 2) direct influence of atmospheric 
pressure on the generation of ocean waves is mostly negligible but there is definite correlation 
between these waves and sea surface activity (wind waves and swell): 3) a struC'ture of wave 
field offshore (maxima and minima of spectra) is in good agreement with tht'OretiC'aI estimates 
of standing waves for a linear sloping shrlf, 

Tidal Modulation of Deep Water Replacement in the Strait of Georgia 
H. Ma, P. L~Blond. S. Pond. D~partment of Oc~ano«raph)·. l.: ninnity of British Columbia. Vancounr. 
British Columbia 

Ob5:t'rvations of currt'nts. salini1\' and temperature at an arra\' I)t moonn.lls In thr ct'ntral Strait 
of Gt"orgia show stron~ month}" and st'mi-monthiv flow pulses and pronounced chanfle!i in scalar 
propt'rties near the bottom during summer months. Tht' timinlZ: of the pulses IS closely correlated 
with pt'riods of neap tidt's and minimum tidal C'urrents in Boundan Passa~t'. Calculations of 
travel timt' are consistt'nt with flow pulses originating in BoundarY Passafle: reasonable moon.ll 
ratios of Juan de Fuca water and Strait of Gt'orgia surfact' water "1t'ld ob!'t'Tvect watt'r propert1e!'o 
in tht' pulses. Tht' fortnightIv pulsations in dt'ep currents in tht' ~tralt t"'f l,("or.llla art" PO!'tli 

lated to occur bt"caust' of wt'ak mixing conditions in a manner sImtiar and slmultant"Ous to t ht" 
modulation of frt'sh watt'r export at the surfact' towards Juan dt' Fu{"a :;1ralt 

Propagation of Coastal Trapped Waves under an I~f' ("ovf'r in Hudson Bay 
T. R~ynaud. R.G. Ingram. De-partme-nt of M~te-orololl!;). M('Gill rmVf"TSlh . Mont,Te-Al. Qllf'hf'(' 

Since the beginning of the sixtit's, coastal trapped waves havt' hf"f"n .' n f "r tht' most p(lpular 
subjects in physical oceanography. Initiallv. we discuss tht'lt {"haract.f'n~tlc~ m ~nuthea.c;t Huds(ln 
Bay. using the Brink and Chapman model. Then we compare t ht' normal mtltif'$ 0btamed With 
current observations made in Kuu.ijuarapik (Hudson Bavl In 19~6 USIn.ll l-'rf"t'iand techmquel' . Thi!' 
area is difficult. t.o modd bf'caust' of rapid ('han~f'.s of ~tratifi('ation 18 t h€" w::llter (,,"llumn ciunnfZ 
the- ice break· up period. Thf' bt'st fit was found for two topo~raphic \\'::Il\'e .. h('lth havlDlZ: a pt'rh.' t1 
of thret' days with phase spt'e-ds of iO cm / s and 13 ('m iS, In thll'O work 11 hal' hf"f"n I'h0wn t.ha1 

tht' rt"sponse function of t.he l'vstf'1ll due to atmosphf'ric pressurt' gradlent!oo ha~ a maXImum at a 
pE'riod corresponding to the pt'riod of the- topographi(' wave!' . 

Coastal Upwelling off th .. w ... t Coast, of Vancouver Island 
I. Jardine. p , LeBlond. Df'pi. of O(,f'anojil;raphv. Vnlv , of British Columbia. \ftnCOllVf'T. Rnhsh Columbia 

Wind-drivt'n upwelling evt'nt!' npat the Brooks Pt'ninsnla off the west (,081't of Vancollvrr Island 
havt' bt't'n idt"ntifit'd durin~ thf" summers of 1988 and 1~fl9 from Sf"a snrfact' NOAA A\,HRR 
thermal imagt'rv obtaint'd at tht' P.B.C'. Laboraton for Satf"llite Oce-ano.llraph,·, Software has 
bt't'n devE'lopt'd to charaC'terizt' tht' strt'ngth and f'x1t'nt of the surfa('t' ('oolin,z: associated ""'ith 
upwelling. A two· dimensional 2-1avE'r finitt' diift'rencf' model with 1 km rrsoiutlon has bet'n 
formulated to examine tht' small-scalf' dvnamics of th€" upwt'llin~ events. The model uses local 
wind and includes rt'alistic coastlint' and bathymt'tr~' . Tht' It'stllts of tht' modt'l art' ('ompared to 
the observed sea surface temperature field. 

Seiches in the Kuril Bays: Numerical Calculation by RT-Algorithm and Observations 
A.S. Leriant, U.S.S.R. 
A.B. Rabinovich. B.I. Rabinovich. In5titut~ of Marin~ G~olo,y and Ge-ophysics. Far East Division. 
U.S.S.R. Acad~my of Sciences, Yushno-Sakhalinsk. U.S.S.R. 
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A new method of &debe calculalion is suggesled. This method is based on numerical conformal 
mapping of the complicaled region onto a simpler one by means of Ihe RT-algorilhm and fol­
lowing Ihe use of Ril,'s procedure. It was tesled for some relatively simple regions and showed 
its high effectiveness both for nonrolalional and rotational cases. The melhod was used to com­
pute eigenmodes in some bays of the Soulh Kuril Islands. The Iheoretical results agreed quite 
well with observational data and enabl~ us to explain some peculiarities of spectra of tide gage 
records in the region under study. 

FISHERIES OCEANOGRAPHY-5 

OCEANOGRAPHIE DE LA PECHE- 5 

The Intertidal: Physical and Biological Influenc~. on Specie. Composition. 
Abundance and Recruitment Patterns 
G.S. Jamieson. D. Noakes, Pacific BiolQlical Station. Nanaimo. British Colwnbia 

The intertidal environment is unique in that it is exposed to both meteorologic:al and oceano­
gtaphi<' climate events, with typically wide temperature and salinity fluctuations over relatively 
short time durations. Intertidal species high in the subtidal have to primarily cope with terres-­
trial competitors or predators while those low in the subtidal have 10 primarily cope wilh marine 
examples. This interaction of the physical and biological environment has tended 10 resull in 
marine species whic~ either move in and out of this zone with the tides or if sedentary, have 
a hard, sealable exoskeleton or burying behaviour 10 allow them to avoid both predation and 
adverse physical conditions. Nevertheless, a pronounced zonation of species occurs and because 
of the relatively short geographic distances involved, this marine environmenl is likely to be Ihe 
first obviously impacled by any pronounced patlern of climatic change. Physical and biological 
events and their probable consequences on the distribution and recruitment of commercial species 
inhabiting the interlidal are discussed, with consideration of the magnitude of change and data 
time series required to produce statistically significant effects. 

A Po.sibIe Eddy Retention Mechanism tor Iehthyoplankton in Hecate Strait 
W,R. Crawford, Inst.itut.e of Ocean Sciences, Sidney, Brit.ish Columbia 
A,V. Tyler, Pacific BioloCical Station .• Nanaimo, Brit.ish Columbia 
R ,E , Thomson, Instit.ut.e of Ocean Sciences, Sidney, Brit.ish Columbia 

The rause of the high rate of production of groundfish in Hecate Strait is uncertain. It is likely 
that the large, shallow areas of the Strait contribute to the high productivity because of Iheir 
suitability as juvenile habitat. but, in winter when many groundfish species spawn, a strong 
rurrent which flows northward through the Strait into Dixon Entrance likely carries many of the 
larvae out of the Strait. A recent study shows that the recruitment rate of Pacific cod varies 
inversely with this current, which is to be expected if the lar~ae are swept out of the Strait 
by the flow. We examine ('urrent and wind data from a variety of field programs in Hecate 
Strait, and find evidence for a return flow toward the southwest in Hecate Strait, counter to 
the wind-driven Iransport. This relurn tlow is driven by Ihe setup of sea level along Ihe Strait 
by the wind, and its strength increas6 with the intensity of southeast storm winds. We belieye 
Ihis relurn flo:" will recirculale a significanl fraction of Ihe larvae in Ihe Sirail, increasing their 
residence time sufficiently 10 allow settling oul, and Ihereby enhance recruitmenl to populalions 
of these speci .. occurring in Ihe Strait. 



The Distribution of Commercial Troll Fishing Vessels off Southwest Vancouver Island 
in Relation to Fishing Success and Oceanic Water Properties and Circulation 
R.E. Thomson. Institut~ of Ocean Sciences, Sidney, British Columbia 
M. Healey. Pacific Biological Station, Nanaimo. British Columbia 
G. Borstad. G.A. Borstad Associates Ltd .. Sidney. British Columbia 

Radar-derived distribution patterns of salmon troll fishing vessels off southwestern British Colum­
bia have been obtamed for Apnl to September 1982 and 1983 and for July 1988. Vessel dis­
tributions are related to capture success In the fisherv and to persIstent features In the water 
property structure and cncutatton on the contmemal shelf. Especiallv dense concentrations of 
vessels occurs in regIons of locally intensified upwellin~ associated with: (l ) topographically­
ind uced rectification of tidal flow at the margins of shallow fishing banks: (2 ) a mesoscale 
quasi-permanent cyclonic eddy off Juan de Fuca Strait: and (3) the transition zone between 
the poleward floWIng Vancouver Island C0a~tal C'olf n' nt and t he t:quatorward flowln!! sheif-breax 
current. The aggregatIOn of fishmg vpssels illustratt"s a response of the salmon to 10caJ features 
of their enVironment. This response IS probaolv lIledlated through the food suppl.v with lood 
organisms aggregating in the vic mit v of local u pweilllll:!. , 

Climate. Predators and Prey: Behaviour of a Linked Osclilahn~ System 
D.M. Ware. Pacific BioJoltlcal ~tatlOn. l\'anaimo. British (.:olumbla 

'.)Vf"r the last 50 Vf"ars the dommant oscIllations In ocean clImate In southern British Cotumbla 
~ avf" occurred on average at perIods of 5 and 10 VIS. This pattern u-nds to be caused bv moaerate 
10 StroD ':! El :\' iiio- Southen OsciUation f ENSO) episodes oruzmatin,-,: in the equaton& PaCInC. ':'t'n 
lIme series were analvsed to identif" a model of Pacific hernng growt h and recrUItment. 'lhe 
I '"'SU1tS mdicate that herring growth rates are forced pnmanlv bv vanatlOns In oceamc condItions 
\an<1 presumablv the assocIated zooplankton bIomass I at the E~SO Denoct of ;; 'its. ana ~y 

interannual variations In herrmg year-class size. The resutting chan2f'S in hernnli'; 5Ize-at-a~t" 

\,:ause measurable changes in sto('k biomass and egg production. and posslblv a weaK recruitment 
oscillatIOn. Most of the vanatIon 10 hf'rnng recruitmf'nt can bf' linked to changes III predator 
(Pacific hake) abundance, zooplankton biomass, and the particular pattern of moderate ano 
.;;; tfong ENSO ""vents that have occurred since the late 19305. This paper is beIll2 published 10 

the proceedings of the -L·.)n2-terrn vanabilitv of pelagic fish populatIOns and their envlfonment 
~\' :1l DoSlUm. 

Analyzing Correlations between Marine Survival Trends in Northeast Pacific 
Salmon Stocks and Environmental Variables 
R.D, Brodeur. R.C. Francis. Fisheries Research Institute. niversitv of Washington. SUttlt . 
Washington. t ' .S.A. 

Time series of survivals of Washington and Oregon coho salmon stocks and Columbia River 
spring chinook stocks show substantial variations over the last 25 vrs. Time series of environ­
mental variables that may influence thesf' survivals were assembled and utilized as independent 
variables in univariate and multivariatf' time serif's analvsis. Thesf' variables included meteoro­
logical (Northeast Pacific Index and Pacific Northwest Index), oceanographic (Bakun Upwelling 
Index, sea surface temperature, and spring transition date ~ and lotic (river flow in the Columbia 
River Estuary) series measured during the year of smolt outmigration. Our results are discussed 
in terms of the relevant spatial and temporal scales of oceanographic variation which affect 
salmon survival. 
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Seasonal Variation in Experimentally Derived Grasing Rate. of the Marine Copepodl, 
Ca/anus p4cificus and Metridia p4cifica 
K.E. Bwns, Royal Roads Military Colle,e, Victoria. British Columbia 
L.A. Hobson, Department of Biolo,y, University of Victoria, Victoria, British Columbia 

Superimposed on tht" diurnal variation in grazing rates of herbivorous marine- copepods is a 
strong seasonal component which has not previously b("en described. In order to understand the 
cumulative- effects of m situ grazing by tht> dominant hebivorous copepods in Saanich Inlet on a 
seasonal cycle, th(" 1n vdro grazing rates wer(" experimentally derived once a month for a year 
using the gut fluorescence method. Gut pigmt"nt concentrations were measured for animals feeding 
at a constant temperature and food c.oncentration. For both species. maximum in vitro grazing 
rates occuned in April and July. Calanus p4CtjiCU! did not feed in experimental aquaria from 
December to March. while Met1'ldta paCIfica maintained a reduced grazing rate during this time 
period. Weight specific grazing rates were always significantly higher in Metrtd1a compared to 
Calanus . Th. higher rate suggesls that Metrldia is able 10 utilize periods of low food availability 
more effectively than Calanus. 

ATMOSPHERIC VARIABILITY- l 

VARIABILITE ATMOSPHERIQUE- l 

Climate Change due to Increased CO, Simulated with the CCC GCM 
G.J. Boer. Canadian Climate Centre. Atmosphnic Envuonment Centre, Downsview, Ontario 

In this experiment a three-dimensional atmospheric general circulation model coupled to a "slab" 
o('ean and a thermodynamic sea·ice model is used. The climate equilibrium of the system con­
sistent with twice the cunent amount of atmospheriC' CO2 ~ the 2x C0 2 case) is compared with 
th. current climate (the 1 x CO, case). 

Be('ause of the long integration times required, rather low resolutions have heretofore been 
used (or this experiment. Grid sizes ranging from 8 x 10 degrees to 4 x 5 degrees in latitude and 
longitud. and vertical resolulions from 2 10 11 levels have been used. Allhough nol "high" by 
fou'cast. model standards. the current experiment is carried out with a T32LIO model, Le. with 
]0 levels in the" v('rtiC'al and a transform grid o( 3.75 x 3.75 degrees. 

Additional features of th. C'CC model ar.: (1) a full diurnal and annual cycle, (2) ocean 
and i('(' treatment involving specifi('ation of o('ean transports so as to permit a good simulation of 
1 x CO:J ocean temperatures and iee boundaries. (3 ) a modified treatment of land surface processes 
and hydrology which attempts 10 be more sophisticated Ihan the usual "bucket" Ireatment, (4) a 
param.terization of cloud optical prop.rties feedbacks and (5) the retention of special application 
data sets containing surfaC't' parameters for North America and Europe. 

After describing somt' of the features of the model and its 1 x C02 climate, the simulated 
chang. in climate due to a doubling of CO, including aspects of the hydrological cycle will be 
discussed . 

A Skeptical Look at the Recently-Proposed Sun-QBO-Weather Connection 
K. Hamilton, G~ophysical Fluid Dynamic. L.bor.lory / NOAA. Princeton University, Princeton, New 
Jeney, U.S.A. 

The search for clear indications of solar cycle eWeets on the terrestrial lower atmosphere has 
been a long and frustrating endeavour. Recently H. van Loon and K. Labitlke (vLL) have 
adopted a novel approach that has produced surprising results. vLL stratified various seasonal 
mean meteorological variables by the phas. of th. quasi-biennial oscillation (QBO) of Ihe tropical 
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stratosph~re , and then comput~d correlations with an ind~x of solar activity. In many inst8nc~s, 
they find apparently significant correlations when only years with westerly QBO phase are con­
sidered. In other cases the significant resulls are obtained only for easterly QBO phases. 

vLLts analysis is restrided to the period since about 1952 when regular direct stratospheric 
wind observations are- available- to determine- the- phase- of the QBO. The-- present work tried to 
s~~ whether earlier mdeorologicaJ and solar activity data ('ould be reconciled with vLL's results. 
Tht' approach adopted was to generate OVt'1 25 million plausibl(" seri("s of QBO phases for two 
40-year periods. 1875 1914 and 1897- 1936. vLL's analysis was repeated for each of the 25 million 
possibilities. It was found to be impossible to find even a single plausible QBO series that allowed 
vLL's "modern" results to be reproduced in the older data. Thus one is forced to conclude that 
either vLL's correlations are not a stable f('ature of the atmospheric data, or the QBO itself 
must have behaved very differently in the 1875- 1936 period than in the modern era. 

Observed and Simulated Intraseasonal Energetics 
S.l. Lamb~rt, Canadian Clirnatl!' C~ntrl!'. Atmosphl!'rk Environml!'nt Sl!'rvicl!'. Downsvinil'. Ontario 

The observed intraseasonal rotational and divtrgent kinetic energy budgets in terms of the two· 
dimensional wavenumbe-r are comput("d bas~ on tiv(" v("ars of ECMWF / WMO operational anal­
YSts . 

Corresponding calculations are presented based on a five-year integration of the Canaalan 
Climate Centre- General Circulation ModeL 

Effect of Annual Variation in Growing Season Rainfall on Tree Growth on 
the East Coast of Vancouver Island 
D.L. Spittlehouse. B.C. Forest Service, Ministry of For~sts. Victoria. British Columbia 

Plant moistur~ stress limits tree growth during the summer on the east coast of Vancouver 
Island. The reduction in water availability results from the low summer rainfall. and. tn some 
areas, shallow soil. Y~ar-to-year variations and within year variatIons in growlDJZ season rainfall 
are large. Summer water balances for th(' period 1951 to 1985 for a sitt" near Cowichan Lake. 
and for 1959 to 1985 for a site- near Court("nay will be presented. Four pattf'rns of summer water 
depletion can be identified. There is a high correlation between annual wat("r d("ficit and tree 
growth. This information is used to assess how forest producttvIty may chang(" with changes 
in climate. 

A Comparison of the Meteorolgical Conditions during the Drought of the 1930's 
and the 1980's for the Prairie Provinces 
T.-A. Lang, K. Jonl!'s. Scil!'ntific Sl!'rvices Regina. Atmosphl!'ric Environment Sl!'rvicl!'. Regina. Sasbtchl!'wan 

Low~r rainfalls and higher than normal temperatures across the prairie provinces in the spring 
of 1988 caused considerable probl~ms for th~ agricultural community and water resource man­
agers. The dry hot spring of 1988, however, was not an isolated droughl incident but ralher the 
continuation of a s~ries of very dry years which resulted in a significant tax on wat~r resources 
for the Prairies. The 1980's have rivaled Ih, 1930's for lack of precipitation but the 1980's have 
been much warmer especially in the last three years 1986- 88 than Ihe 1930's. Evaporation was 
greater in the 1980's especially in 1988 when most stations in Saskatchewan reported the hottest 
June on record. 
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OCEANOGRAPHIE DE LA PECHE-6 

The Effect of Turbulence of Chemosensory Perception using 
the Low Reynolds Number Feeding Current of Calanoid Copepods 
B. Sand~rson, Depart.ment of Physics, MemoriaJ Uninrsity of N~wfoundland, St, John's, Newfoundland 

The active space is the zone around an alga where chemical exudates are sufficiently concentrated 
and regularly distributed, to promote an effective behavioral response in a grazing zooplankton. 
We find that interaction of molecular diffusion with turbulence in the viscous-diffusive subIange 
is important for defining the dimension of the undeformed active space. Simple dimensional 
arguments are then used to show the following. (a) An alga that is entrained into the cenlre 
(or slightly off centre) of a cope pod feeding current will have its active zone elongated by an 
order of magnitude in the direction of the flow. (b) For weak turbulence the dimension of the 
undeformed actin' zone is ('omparable to the lateral dimension of the feeding current. (c) For 
strong turbulence the dimension of the active zone is an order of magnitude less than the lateral 
dimension of the fe-eding current, and an alga entrained at the edge of the feeding current will 
have- its actin' zone deformed equally by the feeding current and turbulence. 

We also propose that a copepod might use chemosensory perception to track down prey, in 
much the same manner a dog might. This is made possible by the speed of feeding currents 
compared to the slow distortion of the exudate cloud by Kolmogorov scale eddies. 

PopUlation Genetics and Spatial Heterogeneity in the North Pacific Krill 
Euphau5Ia pactfica: A Preliminary Report 
C. Blanton. L.A. Hobson. Department of Biology, University of Vidoria. Vidoria. British Columbia 

An electrophoretic study of the planktonic crustacean E. paCifica using five enzyme-specific stains 
to visualize the gene products of seven lod detected no statistically significant differentiation 
among the five sites sampled in the coastal waters of British Columbia, Canada. Euphausiids 
from the Coastal Shelf of Vancouver Island had the same types and frequencies of electrophoretic 
protein polymorphism as those taken from fjords in the st-mi-enclosed Strait of Georgia region. 
The results suggest extensive gene flow occurs between subpopulations of euphausiids in the 
straits and inlets surrounding Vancouver Island and the lower B.C. mainland. E. pacifica ap­
pears able to exploit the local movement of wat.er masses for transportation from one favourable 
habitat to another: anecdotal evidence, however, suggests migration rates are insufficient to allow 
immediate recovery of over-exploited subpopulations (as has been observed in Jervis Inlet). This 
study demonstrat.t-s the necessity for synoptic biomass surveys to correlate migratory paUerns 
with the dynamics of secondary production in euphausiid subpopulations. 

Seasonal Variation in the Carotenoid Pigment Content and Composition in 
Euphau$Ia pacifica 
V.A. Funk, L.A. HObson, Depar,tment of Biology, University of Victoria, Victoria, British Columbia 

The carotenoid pigment content and composition of Euphausia pacifica, a preferential herbivore, 
was determined at monthly intervals from March, 1988 to May, 1989 to determine ."ether 
or not season and/or sexual maturity affected the carotenoid content and composition. The 
total weight specific carotenoid content varied from 306-536 ,.g/g dry weight over the 15 month 
period. The maximum occurred in February and March, just prior to sexual maturity and 
spawDing, and the minimum oeeurred in October, 1988. The weight specific carotenoid content 
remained relatively constant throughout th, summer and early fall (June-November, 1988) and 
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then increased over the winter as the average dry weight of the euphausiid population decreased. 
The data suggested that E. pacifica utilized energy stores such as lipid and protein preCerentially 
to carotenoid pigments during times when the food supply was limited. E. pacifica also appeared 
to accumulate carotenoid pigments on an individual basis during early spring (February-April, 
1989) in preparation for spawning. Results from two-dimensional silica TLC and RP-HPLC 
suggest that 90% of the carotenoid pigments present in E. pacafica consit of astaxanthin, its 
mono- and diesters each contributing 5, 49. and 40CX. The- astaxanthin molecules appear to 
be esterified to only two different fatty acids: thE" rombinations producing two monotsters and 
three diesters. The relative contribution of alJ tht carotenoid fractions isolated from E. pacifica 
remained remarkably constant throughout the study period suggesting functional importance. 

Interannual Variability of Oceanographic Conditions and Spatial Distributions 
of Dungeness Crab (Cancer magister) in the Pacific Northwest 
R.L . Hobbs, Dept. of Wildlife and Fish~rics Biology, Univ . of California at Davis, Califo:rnia, U.S.A. 
A.C. Thomas, College of Oceanog:raphy. Oregon State University, Corvallis, Oregon. U.S .A. 
L.W . Botsford, Dept. of Wildlife and Fishe:ries Biology. Univ. of California at Davis , California. U.S.A. 

Spatial distributions of Dungeness crab megalopato are compared with temporal and spatial pat­
terns of large-scale wind forcing and satellite measured patterns of near-surface chlorophyll to 
characterize the interannual variability of megalopa.l distributions and oceanographic conditions. 
Megalopae concentrations are determined from neuston and bongo samples collected by the coop­
erative U .S./U .S.S.R. ichthyoplankton surveys off Washington, Oregon and Northern California. 
T he data are from 5 cruises in the springs of 1981, 1982, 1983, and 1985, a time series which 
indudes the major El Nino of 1983 and its associated large oceanographic anomalies. Crab abun­
dance data are corrected for vertical migratory behavior using time of day and cloud cover. Total 
observed crab larvae in each year is strongly inversely related to the Julian sampling date within 
the year, reflecting a constant larval mortality rate, independent of year. This regression is used 
to ('orr~ct data within each cruise for presumed mortality to approximate synoptic samples. The 
resulting patterns are compared to local surface conditions from cruis~ data (temperature, salin­
ity, dissolved oxygen) and satellite measured near-surface chlorophyll patterns. These patterns 
are related to wind forcing calculated from the Fleet Numerical Oceanographic Center (FNOC) 
wind product and derived Ekman transport. The results are discussed in terms of upwelling, 
offshore transport, wind mixing, and larval food availability. 

Oceanographic Factors Affecting the Catchability of Pacific Ocean Perch 
(Seba.tes alutus) 
B. Scott, Resource Ecology, Uninrsity of British Columbia, Vancounr, British Columbia 

Fish and their movement patterns are greatly influenced by the surrounding physical environment. 
It follows that their catchability (availability to the fishery) depends upon the characteristics of 
th. water and bathymetry over which one is fishing . This study investigated th. ability to define 
Pacific Ocean Perch (Sebastes alutus) habitat and assess catchability using physical oceanographic 
variables. Pacific Ocean Perch were found to prefer a temperature range from 6.7 to at least 
4.8°C and their movement patterns were linked to the movement of these temperatures by coastal 
scale upwelling processes. The fish concentrate at predictably higher quantities at the lower 
temperatures. Pacific Ocean Perch prefer areas with steep, rocky bathymetry and these areas 
may give rise to frontal activiti .. due to interactions between the local bathymetry and cunents. 
ThereCore Pacific Ocean Perch habitat is definable using temperature and bathymetry prererences 
and their catchability can be linked to these physical oceanographic nmables. 
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HYDROLOGY- SjHYDROLOGIE- S 

Interannual Variability of Precipitation in Western Canada 
R.G. Lawford, G.S. Lawrence, National Hydrology Research Centre, Atmospheric EmTonment Service, 
Saskatoon, Saskatchewan 

The interannual variability of precipitation for the period from 1921 to 1985 inclusive is examined 
for stations in western Canada using accumulated surplus/ deficit curves. The results indicate that 
trends over large areas are quite similar although several significant discontinuities exist. One 
discontinuity appears to be associated with the ' easte-rn slopes of the Rocky Mountains. The 
nature and possible causes of these discontinuities and their implications for spatial variations in 
precipitation trends are- discussed. 

Rescaled range analysis, Hurst coefficients and cross-correlations are used to examine possible 
non-random fluctuations in the time series of annual precipitation amounts. The timing of broad­
scale rE'versals in precipitation trends are also examined. Below average precipitation across the 
praIries occurred during the late 1930's and 1940's while a shift to higher precipitation amounts 
occurred in the early 1950's. The implications of these findings for the predictability of annual 
precipitation amounts and trends are discussed. 

Analysis of Selected Hydrometeorological Time Series 
C. Kite, Canadian Climate Centre, Atmospheric Environment Service, Saskatoon, Saskatchewan 

Practical analyses of hydrometeorological time series, for example to aid in the design of reservoirs 
for hydroelectric power generation, have generally assumed stationarity. Similarly, climatologists 
have r~lated their analyses to 30-year climate 'normals ' . The most obvious exception to this 
general assumption has occurred when the effects of man on a watershed are so large as to force 
attention; for example, the various diversions into and out of the Great Lakes. 

Recently, attention has concentrated on a much larger scale anthropogenic effect, the green­
house warming and it 's anticipated changE' in climate and, hence, in water resources. Projections 
have forecast decreases in runoff of up to 50% resulting from increases of l °C in temperature. 
It is obviously Important to know if such a climatic change is occurring. 

If the induced changes are so large, then, by detecting the resultant trends in runoff time 
series, it should be possible to work backwards and identify the causative climatic change. This 
paper looks at long-term runoff records across Canada as well as some of the associated climatic 
records and analyses them for such trends. 

Comparison and Analysis of Differences between the Conceptual and Distributed 
Rainfall-Runoff Models 
E. Mekis, B.E. Goodison, Canadian Climate Centre, Atmospheric Environment Service, Downsview, 
Ontario 

Conceptual rainfall-runoff modelling has a long history, and several models have been developed 
in different countries. Initially, the whole catchment was handled as a unit; later, the models were 
able to define different sub-basins and elevation zones (for example TANK, HBY, UBC models). 
Now with satellite data being available on a more regular basis, there is a demand to include 
those data among the inputs of rainfall-runoff models. In Canada, INRS-Eau is developing the 
HYDROTEL distributed rainfall-runoff model, one capable of using spatially distributed inputs, 
including remotely sensed data. This work has been supported by the Government of Canada as 
an unsolicited proposal. The authors of this paper hav. been involved in the testing of the model 
and its application to the Upper Grand rover Basin in Southern Ontario. The Swedish HBY 

114 



model (Bergstrom, 1976) was chosen as the <onceptual mod.! for the purpose of comparison; it 
is used operationally in many countries in northe-rn Europe' and mid South America. The' study 
area is the same in order to bt" ablt to C'ompare- the results from the point of view of data 
feoquirements and outputs. The question which must eventually be addressed is what are the 
bfnefits of acquiring and including rtmotely st'Dst"d data for running the distributed model on 
a daily basis? Do tht' additional data inputs of the distribute-d model automatically result in a 
hightt arC'Ut8ey ? 

This paper will providt an initial ('omparison of tht> ptrformanrf' of the' two rnodds for 
seleC'ted pt>riods. It will com part' the differences in the modE"l stru('tufE' and in the required 
inputs. For example. th{" distributed mod~1 takes into consideration the precipitation for each 
square, and also uses image data for the determination of the land ust' classes. In the case of the 
HBV model, it is possible to define more sub-basins and diffeu'nt elevation zone-so Calibration of 
the unknown parameters was done primarilv using manual methods because of the large number 
of paramet.ers. ThE' time-lag of both J1Iodel~ is one day. Comparison of the model output (runoff) 
will be carried out in two different ways: by the use of standard statistical tools {e-fficiency 
coefficient. accumulated difference of volume} and bv the comparison of the main characteristics 
of the peaks (time of peak . peak volume) . This assessment will provide insight. into required 
mode-! development for Canadian conditions. 

Determining the Regional Hydrologic Response to Global Climate Change: 
The Case of British Columbia 
G . Thomas. Depart.m~nt of G~ographv. Vniversit.v of British Columbia. Vancounr. British Columbia 

The contemporarv view of the- Earth'~ climate as variable on timescalt"s significant to human 
economic developl1lE"nt has prompted numerous studies which seek to estimate the possible im­
pacts of climate change on bioph,vsical and socioeconomic systems. A nUmbf'I of such studies 
incorporate the results from global numerical nlOdels in an attempt. t.o providE' a linkage betwe~n 
the global-sc_ale estimat.es of climate change and the rf'gional impacu . 

The appropriateness of such an approach is explored b,,' consider in~ the dassic 'GC"M' ap­
proach to dE"trrmining the h,vdroiogical response t.o an alteration in boundary conditions. U" , a 
change in atlUosphE'ric CO:! content, The results of tht' GCM stud,' are contra..c;ted with the 
methodology appropriate for studving the inhf'rentlv regiona~ nature of tht> chmate impacts on 
streamflow (and thus water resources) . The <"ontrast is ilIustratf'd b,v considt>rin~ recent ("han~es 
in the hvdrological rt>gimt> of streams in British Columbia. An intermediate linkage bt>tween th(' 
GC'M scale and tht> u'gional scale is the uSt> of a regional climate model. Somt> preliminarY results 
are presented of an integration of such a regional model with focus on tht" surface:' hydrological 
component . 

OCEANOGRAPHY - 5/0CEANOGRAPHIE- 5 

Tide Removal from Ship-Mounted Acoustic Doppler Measuremenh 
M.G,G, Foreman. H.J . Fredand. Instit.utt" of OC"t"an Scit"nC"es. Sidney. British Columbia 

Tidal currents predicted by i) a barotropic finite element model of the southw~st coast of Van· 
couver Island , and ii) an enhanced model that has been adjusted in accordance with previous 
current meter observations, are removf'd from ship-mounted acoustic Doppler measurements. The 
resultant residual currents are compareod with geopotential fields and dearly show the Juan de 
Fuca Eddy. 
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Comparison oC a Numerical Model oC Burrard Inlet and Indian Arm to Observations 
oC Salinity and Velocity 
A.N. Cameron, M.W. Stacey, Department of Physics, Royal Roads Military Collelr, Victoria, British 
Columbia 

A laterally-integrated, two-dimensional, time-dependenl numerical model of the tidally forced 
cirrulation in Burrard Inlet and Indian Arm is compared to time series of velocity and salinity 
obtained from cyclf'sonde moorings. The data were ('ollf'cted over two winters, 1983-84 and 1984-
85, and include one episode (during 1984- 85 ) of deep waler renewal. Analysis includes harmonic 
analysis of thr- simulated and measured velodty and salinity time seriE's, concentrating on the Kl 
and M2 tidt's. Tht" simulated and measured residual ('urrents are also compared. The simulations 
show that fresh-water input has a significant influence on tht" stratification of the inlet, even at 
deplh, Preliminary indicalions are that the model predicts Ihe Kl lide beller than the M, tide, 
Agreement between the model and data was bett~r during periods when deep water renewal was 
not occurring. The model tends to overestimat~ th~ intensity during renewal events. 

Seasonal Variability of Ocean Features at the Entrance to Juan de Fuca Strait 
R.M. Z~ll~r~r, D.P. Krauel, D~partm~nt of Physics, Royal Roads Military College, Victoria, British 
Columbia 
R.E. Thomson, Institute of Ocean Sci~nces, Sidney, British Columbia 

Data from 38 CTD surveys al the entrance to Juan de Fuca Strait (48'N-49'N, 124'30'W­
l:noOO'W) from 1984 to 1989. inclusive. wert' mapped using objective analysis techniques and 
analyzt"d. Tht" data were combined seasonally to produce averaged objective analysis plots and 
the variances wert' calculated to give indications of seasonal and interannual variability. The 
averaged distributions retain the features observed in individual cruise plots and documented in 
previous studies (FrE>eland and Denman . 1984). T he winter regimt" is dominated in the sudace 
layer by the northward flowing coastal current and is relatively featureless below the mixed layer. 
ThE> spring transition is marked by a "confust"d" deep layer, as flow on the shelf break reverses 
to flow southward. The summer rt"gimt" is dominatt"d by the Juan de Fuca eddy along with a 
frontal feature to the north and indications of a smaller featurt" on the La Perouse Bank. The 
autumn cruises show a return to a featureless wintt"r regime. 

Comparison of Ship and GEOSAT Altimeter Observations of Sea-Surface 
Heig:ht Anomalies in the Northeast Pacifi(' 
J.F.R. Gower, S. Tabata. Institute of Oc~an Sci~nces, Sidn~y, British Columbia 

Consistent sea-surface height anomalies with spact" scales of order ]00 300 km, are observed at 
l7. day intervals in GEOSAT altimetry data of the northeast Pacific. Anomaly amplitudes are in 
the range of 10 to 30 cm, with anomaly displacement velocities of about] cm / s. We compare 
the altimetry results with the more precise, but less frt"quent data from hydrographic and CTD 
measurements along lines P and R, extending from tht" B.C. coast (Juan de Fuca Strait and 
Cape- St. Jamt"s, respectivdy) to Ocean Station Papa. 

Nonlinear Stability oC Flow over Topography 
J. Zou, Department of Oc~anography, Univ~rsity of British Columbia. Vancouv~r, British Columbia 
G. Holloway, Institut~ of Oc~an Sci~nces, Sidn~y. British Columbia 
W.W. Hsieh, Department of Oc~anography, University of British Columbia, Vancouver, British Columbia 

We applied the energy method from the stabilty theory (Joseph, 1976) to a forced-dissipative, 
barotropic quasi·geostrophic flow within a ,B-plane channel (periodic in the east-west direction) 
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for Donlmear analysis of global stability of flow over topography. In particular, we formulated 
th stability problem as an initial value problem for which an energy inequality for disturbances 
was established. General sufficient condition for global stability (GS) was then inferred. 

We applied the general condition to the problem of flow over topography and analyzed the 
GS with regard to the zonal velocity and the relative height of the topography. Three global 
stability regions (GSR) were identified, one for westward sub resonant flows and the remalnlDg 
two for eastward superresonant and subre-sonant fl <"ws. We also examined how the horizontal 
topographic scale, t he dissipation coefficient and tJ aife('t these GSRs. 

ATMOSPHERIC VARIABILITY- 2 

VARIABILITE ATMOSPHERIQUE- 2 

Short-Period Climatic Fluctuations in the Far East R egion of the U.S.S .R. and 
Sea Surface Tempeatures 
O.N . Likhacheva. A.B. Rabinovich. lnstitUlt' of Marine Geology and Geophysics. Far East Divisioh, 
U.S.S.R. Academy of Sciences. Yuzhno-Sakhalinsk. U.S.S.R. 

Twenty-year series of sea surface temperature (SST) at three points in the Kuroshio area were 
investigated together with climatic characteristics (air temperature, atmospheric pressure and 
precipitation) in Vladivostok, Petropavlovsk and Yuzhno-Sakhalinsk. Annual (Sa) and semian­
nual (Ssa) harmonics and their temporal variations for different parameters were analysed and 
corresponding relations were looked for as well as relations between residual series. It was found 
that: 1) seasonal harmonics are strongly dominated in air and water temperatures (94- 98%) and 
in a~mospheric pressure in Vladivostok (77%L play an important role in Petropavlovsk pressure 
and Vladivostok precipitation (50%) and are much weaker in Yuzhno-Sakhalinsk pressure, precip­
itation, and Petropavlovsk precipitation (17- 23%); 2) there is a definite negative correlation be­
tween south SST points and air temperatures (residual) in Petropavlovsk and Yuzhn<rSakhalinsk 
(R" - - 0.3i and 0.48, respectively) but no correlation with Vladivostok temperature; 3) the 
north SST point has no similar relations to air tempe-rature in any station but there is a notice­
able correlation with Vladivostok pressure (R,. - 0.45); 4) there are definite variations of SST 
at th(' north point with periods 8.3. 2.7 and 1.4 years. These periods are much weak:tr at other 
points and in othe climatic parameters. 

Correlation between the Sun activity and climatic fluctuations were also studied and some Ie· 
lations were found as well as some correlations with sea level oscillations in the Kuril-Karnchatka 
region. 

Temporal and Spatial Variability of the Tropical Radiation Budget from 
Earth Radiation Budget Satellite Measurements 
Chang Tin Yee and R. Davies, Department of M~t~orology. McGill Uninrsity, Montreal, Que~c 

Temporal, spatial, and cloud-forced variations in the planetafY radiation budget are important 
features of the climate system, particularly in the tropics. In an effort to attain a quantitative 
understanding of the temporal and spatial variability of tropical radiation budgets, we have 
analyzed a complete annual cycle of measurements by the ERBS scanning radiometer (from 
March, 1985 to February, 1986). 

Results show the existence of strong diurnal variation in the longwave emission to space 
over clear land scenes (especially deserts), and in the reflected shortwave radiation for all scenes. 
Substantial east-west variation is also evident in the time-averaged radiation budgets within given 
latitude zones. Seasonally, the main change. in the tropical radiation budget are associated 
with the Asian summer monsoon and the migration of the Inter Tropical Convergence Zon~. 
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Overall, a positive radiation budget of about 44 W m - 2 is obtained for the annual mean tropical 
radiation budget. 

On the Mean Meridional Transport of Energy in the Atmosphere and Oceans 
R, Michaud. J. D~rom~, Department of Metcoro)oty, McGill University, Montreal, Quebec 

The global ECMWF analyses for the period 1981-86 a .. used to compute the mean meridional 
transport of moist static energy in the atmosphere. The contributions to the transport effected 
by the- mean meridional circulation, the transient eddies and the standing waves are examined 
separately. In addition, the moist static energy is separated into its component parts, namely. the 
sensible and latent heats and the potential energy. The recurring changes made to the analysis 
procedure over the years have resulted in such a significant increase in the transport due to the 
mt"an meridional circulation in the tropics that in that region it is not meaningful to average 
the six years of results. The maximum pol~ward transport of the total energy amounts to about 
4 PW near 45' of latitude in both hemispheres during the winler season. The subtraction of the 
annual mean almospheric transport from the total ocean-atmosphere transport implied by the 
observed net radiation flux at the top of the atmospheu' leads to a maximum northward heat 
transport of 3.2 PW at 25° N in the oceans. This value exceeds by 1 PW or mOI(' the values 
obtained using surface marine data and bulk aerodynamic formulae> in previous studies. 

The Big Chill - An Intense Arctic Out break in Southwestern British Columbia 
P.L. Jackson, Atmospheric Science Programme. Department of Geography, University of British Columbia 
Vancouver, British Colwnbia 

Early January of 1989 will be remembered as one of the coldest on record in much of western 
North America. Accompanying the extreme cold and record high pressure over the Yukon and 
Alaska, were very strong gap or outflow winds which occurred through the fjords and valleys 
disseding the coastal mountain barrier which separates the coast from the interior plateau. The 
meso- and synoptic-scale setting for the temperatures and winds which occurred in southwest 
British Columbia will be presented and described. Models, which have been applied to describe 
the winds in the fjords and valleys under these meteorological conditions, will be discussed, and 
th~ results presente>d and compared to observations. 

An Observational Study of Interactions between Transient Eddies and 
Persistent Circulation Anomalies 
B. Dugas. J. Derome, Department of Meteorology. McGill University. Montreal, Qu~bec 

St"verai years of observations are first use>d to identify periods during which large-amplitude 
persistent antirydonk circulation anomalie>s are present in the> data. An empirical orthogonal 
function analysis is then performed to obtain the chararteristie structures of North Atlantic 
anomalies. The interaction betwt"'en the> fast transients and thE' anomalous highs is computed by 
means of the E vector formulation for on("' of tht" characteristic paUerns. The results sbow that 
the baroclinic effects dominate the interaction during the onset of the anomalous circulation, 
providing an anticyclonic forcing upstream of the incipient ridge. During the mature stqe of 
the mean higb, the transient eddies provid. their forcing through the barotropic ~ompoD ... t of 
the Bow. 
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OCEANOGRAPHY-6/0CEANOGRAPHIE- 6 

Tidal Currents in a Two-Layered Stratified Sea with an Example from the North Sea 
F.B. Pedersen and K. Bolding, Department of Oceanography, University of British Columbia, Vancouver, 
British Columbia 

During summertime a distinct two-layer temperature stratification is encountered in the North 
Sea. At the end of a period with extreme calm weather conditions, ADCP measurements in 
the central part of the N olth Sea revealed a significant difference in the upper and lower veloci­
ties. By setting up a simple two-layer model with friction subject to a harmonic pressure field, 
the observed velocity variations are fully explained by the phase-lag between upper and lower 
layer, caused by the difference in the bottom friction (relatively high) and the interfacial friction 
(relatively low). 

Can a Two-Dimensional Vorticity Cascade Explain the Distribution of Length Scales 
Seen in Langmuir Cells? 
L. Zedel, Department of Oceanography, University of British Columbia, Vancouver and Institute of 
Ocean Sciences, Sidney, British Columbia 
D.M. Farmer, Institute of Ocean Sciences, Sidney, British Columbia 

Langmuir circulation is a frequently occurring process in both lakes and th(" oceans. When 
present it provides an important mechanism for mixing near surface water yet it remains a 
poorly understood process. One characteristic that has emerged in our acoustic observations 
(and in many previous reports) is the simultaneous presence of many scales of Langmuir cells. 

Our mid-ocean observations show Langmuir circulation with scales from 1 to 20 m with the 
mean value depending on wind speed: mean spacings of 5 m occurred when winds were < 5 mj s, 
and this increased to about 8 m with winds of approximately 12 m/s. The multiplicity of scales 
occurring in these observations suggests the possibility of a vorticity cascad(> from smaller to 
larger scales. We investigate the dynamics of such a cascad(> numerically using a two-dimensiona1 
Lagrangian vorticity model. Through such an approach we hope to provide parameterizations of 
mixing (by Langmuir circulation) that can be used in the study of air-sea interaction. 

On the Effect of a Bottom Boundary on the Stability of a Salt-Wedge, 
with Application to Estuary-Ocean Mixing 
N. Yonemitsu, Department of Civil Engineering, University of Alberta. Edmonton, Alberta 
N. Rajarathnam. G.E. Swaters, Applied Mathematics Institute, Department of Mathematics, University 
of Alberta, Edmonton, Alberta 

Numerical and experimental results on the effect of a bottom boundary on the stability charac­
teristics of a salt-wedge are presented. Our numerica1 work shows that the presence of a bottom 
boundary stabilizes high wavenumber and de-stabilizes low wavenumber perturbations, similar 
to the effect observed in atmospheric shear layers. The spatial and temporal characteristics of 
these modes are described. As well. we present a comparison between our numerical work and 
data taken from field experiments and laboratory simulations. The agreem(>nt between the two 
is very good. 
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Progress towards a Long-Time Scale, Density-Stratified Shelf Circulation Model 
R.J. Greatbatch, A. Goulding, Department of Physics, Memorial University of Newfoundland, St. lohn's, 
Newfoundland 

w. describe a finite-difference numerical model in which the density field is calculated using 
a time-stepping technique with the corresponding velocity field being diagno .. d at each time 
step. The method relies on neglecting the local time derivative, non-linear and horizontal miring 
terms in tht momentum equations and is suitable for modelling circulation and variability in 
a stratified, widt" shelf region with time scales longer than a few weeks (by "wide" we mean 
"shelf width much greater than the internal Rossby radius of deformation'\ an example being 
the Newfoundland and Labrador Shelf) . The model uses a linear parameterization of bottom 
friction in terms of bottom geostrophic velocity and can accommodate any formulation for the 
vertical eddy viscosity and also the diffusion coefficients in the density equation. 

METEOROLOGICAL APPLICATIONS 
APPLICATIONS METEOROLOGIQUES 

Current Procedures for Testing the Homogeneity of Temperature Datasets for 
Stations in the CCC Archives 
P.l.F . Sajecki, Canadian Climate Centre, Atmospheric Envuorunent Senice. Downsview, Ontario 

In studies of climatic change it is not of great importance that the times series used be free 
of unknown inhomogeneities which can be ascribed to human c.auses such as changes in the 
observing site, local environment, and instrumentation. Comparisons with climatic records from 
neighbouring stations are also necessary, so that apparent climatic changes are not mistakenly 
attributed to regional climate or that undue significance is attached to unimportant changes at 
the climate station under study. 

Maximum and minimum temperature series are tested by statistical methods such as the 
Student's T distribution and F test in conjunction with regional temperature series from auxiliary 
stations in order to identify potential inhomogeneities. These tests are done by seasons and 
annually. Temperature series from thf base station and combined auxiliary networks are graphed. 
Statistical and graphic output along with station history files are examined and analysed. A 
report is then prepared describing the homogeneity and completeness of the station's temperature 
datasets. 

Examples will be taken from a number of stations across Canada. 

On the Application of Microcomputers to the Analysis of Climate Data Bases 
Part 1: The Determination of User Requirements 
A. Stuart, Weather Re-search House, Downsview, Ontuio 

Any detailed analysis of climate variability and its impact requires a variety of climate statistics 
for the relevant geographical area. These statistics - which may include frequency distributions, 
extreme values, rdurn periods and the like - are in turn derived from several decades of hourly 
or daily weather observations. The exact statistics required for any particular application depend 
on tho nature of ·t.he climate impact being studied, and will vary greatly from one part of Canada 
to another. Accordingly, there is considerable value in having local climate archives and analysis 
capability as close as possible to specialists concerned with any particular climate impact. 

In the past, the size of the data bases containing seV<fal thousands of weather observations 
and the cost of mainframe computers necessary for the derivation of climatological statistics. dk­
tat~d that only one centralized facility in Canada could be justified in financial terms. However, 
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the dramatic improvements in desk-top microcomputers in the past few yeaers combined with 
their ever decreasing costs, have removed any financial impediments to a greater decentralization 
of the distribution system of climate data in Canada. Computers which are powerful enough to 
store and analyze climate archives now exist in the offices of most climate sensitive organizations 
across the country. 

Before the capabilities of desk-top microcomputers c.ould be realized, it was necessary to 
develop appropriate software" to process large climate data bases, and return statistical products 
that would be of use to the potential users of such systems. 

Studies on the use of climate information in Alberta and Saskatchewan were carried out 
in attempt to study user requirements for such statistics in considerable detail. A seventeen 
page questionnaire on how users currently obtain information, how often and which products are 
required, the necessary turnaround times and how the information is eventually used were dis­
tributed to over 400 individuals and organizations in the two provinces. Almost 200 of these were 
returned and subsequently analyzed. Follow-up interviews were carried out with approximately 
20 per cent of the questionnaire respondents. An analysis of survey responses and interview com­
ments strongly suggested that different types of information were required in different formats, 
and that information was required faster and from a local data source. Temperature, wind speed 
and direction and precipitation amount and precipitation occurrence were most often cited by 
users as important weather elements, while humidity, the occurrence of frost, soil temperature 
and soil moisture were also regarded as important by many respondents. A summary of these 
and other findings from the questionnaire responses and interviews will be presented. 

On the Application of Microcomputers to the Analysis of Climate Data Bases 
Part 2: The Development of the Weather Information Display System 
A. Stuart, Weather Research House, Downsview. Ontario 

Information on user requirements for climate data products was used to develop the specifications 
for a series of new software packages to analyse large climate data bases and display resultant 
statistics. It was clear that the package must be capable of delivering a tremendous variety 
of statistics, that the selection process to determine which products at any time be easily and 
quickly carried out, and that the results be presented in both numerical and graphical formats 
which could be easily understood by nonspecialists. 

User surveys indicated very clearly that most users would be unwilling to pay more than 
a few hundred dollars for climatological analysis software. In an attempt to reduce costs and 
development time, it was decided at the outset to examine the large number of programmable, 
analysis products currently available for MS-DOS based microcomputers to determine if these 
products could be adapted to meet our specifications. It was found that integrated spreadsheet 
programs with macro facilities could be successfully adapted to produce the climate data products 
required. 

As is the case with most microcomputer software, a menu system is used to accept input 
during the running of the program. Flow charts that describe the menu systems for two current 
products will be shown along with an overview of the tasks completed by the computer as each 
selection is made. Important spreadsheet functions and routines will be discussed as they apply 
to the analysis of large climate data sets. Examples of output products in both numerical and 
graphical formats will be given, and the application of more sophisticated graphics software will 
also be discussed. 

This presentation will demonstrate that many of the spreadsheet programs now running 
on MS-DOS compatible microcomputers have within their internal function options, data base 
handling capabilities, and output graphics features, the necessary capabilities to derive a variety 
of time series plots, histograms, duration statistics, percentiles and probability distributions. 
Procedures from current research projects will be used to illustrate the power and lIe.ribility of 
hardware and software that currently exists in most scientific institutions. 
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Radar a Polarisation Circulaire: une Amelioration de la Methode de Correction 
des EfFets de Propagation 
E. Torlaschi, Departement de Physique, Universite du Quebec a Montreal, Quebec 

Lorsqu'il penetre 1& precipitation, un faieeau radar polarise circulairement change son etat de 
polarisation de circulaire a elliptique. Ce- changement est attribue a l'attenuation difFerentielle 
et au dephasage differential des composantes circulaires de Ponde dans Ie milieu de propagation. 
Les rnesures de radar se trollvent contaminees par ces eifets, par consequent, leur interpretation 
en termes des caracteristiques de polarisation propres a la precipitation ciblee est quelque pen 
compromise. 

Dans Ie but de produire nne methode visant a interpreter les observations d'un radar a polar­
isation circulaires de Ponde re-;ue sont decrites en termes des parametres radars usuels: Ie facteur 
de rHectivite equivalent, Zt, Ie rapport de depolarisation circulaire, CDR, et la correlation com­
plexe entre les deux composantes, pexp(j4»). Ces parametres mesures sont relies aux parametres 
de polarisation de la cible Z" CDR, pexp(j4'), au moyen du terme de propagation pexp(ix). n 
en resulte un systeme de quatre equations non-ferme. Pour resoudre Ie probleme de fermeture 
}'attenuation differentieUe et I'attenuation moyenne sont estimees des mesures par l'entremise de 
relations empiriques. A decaut d'equations suppiementaires, nous posons des hypotheses simplifi.­
catrices: i) Ie dephasage differentiel de diffusion en polarisation circulaire prend, pour la pluie a 
3 GHz, une valeur constant voisine de 11", et ii) l'ue de symetrie des diffuseurs est aligne avec la 
verticale locale. L'introduction de ces hypotheses dans les equations nous permet d'estimer les 
parametres radar en termes de valeurs mesurees. Dans Ie but de valider cette nouvelle methode 
de correction, les mesures de radar a polarisation circulaire provenant d 'un modele de pluie seront 
simulees numeriquement. Les valeurs intrinseques des parametres seroDt comparees aux valeurs 
corrigees. 

OCEANOGRAPHY -7 /OCEANOGRAPHIE- 7 

Numerical Tidal Modelling Studies in Northumberland Strait, Canadian East Coast 
M.R. Tarbotton, C.S. Mihdcic, Triton Consultants Ltd., Vancouver, British Columbia 

The concept of a fixed crossing in the form of a bridge or causeway linking New Brunswick and 
Prince Edward Island on the Canadian east coast has been studied for at least 50 years. 

Recent proposals by Public Works Canada for a bridge between Cape Tormentine (N.B.) and 
Port Borden (P.E.I.) have sparked renewed interest in the possible impact that such a strncture 
might have on the tidal dynamics in Northumberland Strait. 

This paper describes the results of numeric-al tidal modelling studies undertaken for Public 
Works Canada to assess the probable impact of the bridge piers, which would induce a flow 
blockage of about 10%, on the tidal elevations, tidal currents, and tidal residual currents iIi the 
Strait. 

Northumberland Strait is approximately 300 km long and, being open to the Gulf of St. 
Lawrence at both its east and west ends, exhibits unusually complex tidal behaviour. Semi­
diurnal tides dominate the- eastern section of the Strait and diurnal tides predominate in the 
west. Although the quantity of field data coDected since 1958 is considerable, the tidal records 
for the same location, often for three different years, show a spread of up to 40% for a parameter 
such as M2 tidal elevation. These differences in the recorded data (some are dearly in error) are 
as yet not fuDy explained although some mechanisms are tentatively suggested in this paper. 

The tidal model used for these studies uses a two-dimensional depth-averaged finite dilTerence 
solution to the hydrodynamic equations with a quadratic friction formulation and the non-linear 
convective acceleration term retained. The latter non-linear term proved to be a major source 
of tidal residual currents in th. Strait. 
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Two numeJicaJ model gJids were set up for theR' studies. one witb a 3000 m spacing covering 
the whole of the Strait and a "smaller" model with a spacing of 1000 m for the Central Strait 
Region. 

This paper details the difficulties experienced with calibration of the model to field data, 
the results of a resonancf' evaluation of thf' Strait, and thf' f'Stimated impacts of the bJidge on 
thf' tidal dynamics. Results of an analysis of surgt water If'vels and currents is also discussed. 
In addition. vector plots of the calculated semi-diurnal tidal and tidal residual currents in the 
Strait are presented. This latter data is of parti("uJar interest to marine biologists. 

Heat Budget for the Scotian Shelf: Impliction. for Prediction 
J.U. Umoh. K.R. Thompson, Department of Oceanography, Dalhousie University. Halifax, Nova Scotia 

Seasonal changes in the heat content of the upper layer of the Scotian Shelf are driven primarily 
by direct air-sea exchange. This leads us to a one dimensional diffusion model to the observed 
changes in water temperature, as a function of hoth depth and time. As part of the fit we 
estimate the vertical eddy diffusivity K.(z, t) and find, as expected, that K. changes with the 
background water density. In particular, we find that K" varies approximately as N-l, consistent 
with the result of Gargett (1984). 

Thompson et aI. (1988) showed that winter sea surface temperature anomalies on the Sct>­
tian Shelf sometimes reappear the foUowing summer. They hypothesized this was due to the 
entrainment, into the shallow summer mixed layer, of deep water that was cooled the previous 
winter. We use our model to specifically test this hypothesis and, more generally, explore the 
possibility of predicting the vertical distribution of temperature on the Scotian Shelf. 

Circulation of the Northeast Pacific Ocean inferred from Temperature 
and Salinity Data 
R.J. Matear, Dept. of Oceano,raphy. Univeuity of Bri'ish Columbia, Vancouver, British Columbia 
G.A. McBean. Dept. of Geography, University of British Columbia. Vancouver, British Columbia 
W .W. Hsieh, Dept. of Oceanography, Univc-rsity of British Columbia, Vancouver, British Columbia 

The temperature, salinity, and pressure (STP) data were collected during two cruises, one in 
early October and the other in early December of 1987, as part of the Ocean Storms exper­
iment . These hydrographic data were analyzed to determine thE' circulation of the northeast 
Pacific Ocean and to calculate the factors influencing the heat and salt content of the upper 
oc.ean. To determine the circulation. an inverse model was developed, assuming that the flow 
was gf'ostrophic and that the vertical velocity satisfif'd a linear ,B-plane vorticity equation. This 
mversf' model calculated the vertical and horizontal velocities at a referencf' level of 1000 dbars , 
and thf' horizontal and vertical mixing terms by conserving mass. salt, and heat. These con­
servation constraints were applied to large boxes defined by four hydrographic stations and two 
pressuft' surfaces. 

The circulation determined using the modt"1 showed well-defined flow features. Compari­
son of the absolute geostrophic flow with the seven-day averaged current meter observations 
showed much similarity, despite complications from an incident storm. Correlation between the 
geostrophic flow at the surface and the total flow field inferred from drifter data was also high. 
An estimate of the ageostrophic flow suggested that acceleration and nonlinear terms played an 
important role in affecting the flow field during the first cruise. 

The observed change in the salt content of the upper 150 m of the ocean was 0.004 ppt 
for the sixty days between the two cruises. The net transport of salt into the study area by 
the calculated 1I0w field was - 0.016 ppt. Therefore, to balance the salt budget would reqnire E 
- P = 9 cm. The upper ocean lost 92 W m- 2 of heat during the sixty days between the two 
cruises. As the vertical and horizontal transport of heat accounted for 40 W m - 2 loss of heat, 
t hl" rf"mainder of heat lost, 52 W m- 2 , was attributed to air-sea boundary processes. 
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Variations in Surface Layer Mixing Efficiency across Upwelled Fronts 
R.K. Drw~y. J.N. MoUDl, College of Oceanography. Oregon State University. Corvallis, Oregon, U.S.A. 

Microstructure observations neal upwelled fronts indicate considerable variation in the strudure 
of vertical mixing across the frontal region. Observations of cool filaments off Northern California 
indicate that, within the cool (dense) core of filaments, the raised pycnocline inhibits the penetra­
tion to mid-depths of surface-generated mixing. The microstructure profiles are used to estimate 
thE' availablE' wind energy for mixing as a function of pycnocline, or mixed layer depth. A greater 
portion of energy input at the surface is available for entrainment of dense fluid through the py­
cnocline and into the 5urfare mixed layer where the pycnocline is shallow. Hence, surface-forced 
mixing may cause a mOle rapid increase in mixed layer density within the cool filament than 
outside the filament, resulting in an enhanced horizontal density gradient in the mixed layer. 
Assuming the flow adjusts towards geostrophy, the enhanced horizontal density gradient at the 
front could result in an accelerated mixed layer in the direction of the pre-existing geostrophic 
flow. Proportions relating the gain in potential energy to the wind energy (mo = JI! Eo) vary 
inversely with pycnocline depth and differ by as much as an order of magnitude from the find­
ings of Denman and Miyake (1973) and Davis et al. (1981). Horizontal variability of pycnocline 
erosion may not be properly taken into account in some m?dels and should more realistically be 
parameterized by including dependence on pycnocline depth. 

Seasonal Variations in Conception Bay, Newfoundland 
B. DeYoung. Department of Physics, Memorial University of Newfoundland, St. John's, Newfoundland 

Results are presented from an intensive study of a large coastal embayment. Current meter and 
CTD data cover the period from the spring development of stratification to strong mixing events 
which occur in tht" late fall. Tidal currents are weak. in the bay so wind and buoyancy forcing 
dominate. Current measurements are compared with dynamic height computations to determine 
circulation characteristics of the bay. Regular deepwater exchange controls the bottom water 
properties of the bay. The effects of buoyancy forcing on the development of the seasonal cycl. 
is discusst"d. 

CLIMATE VARIATIONS/VARIATIONS CLIMATIQUE 

Marine Cyclones and Greenhouse Warming: Another Look 
O. Hertzman. Atmospheric Sciences Program, Department of Oceanography. Dalhousie University, Hal­
ifax. Nova Scotia 

R('cent statements from primarily European sources indicate that there is a widespread assump­
tion that one of the consequences of an anthropogenic "Greenhouse Warming" is an increase in 
mid- and high-latitude cyclonic storm intensity. 

It is proposed here that the abovt" assertion may be truE' for some regions of the mid­
and high-latitudes, but that is not true in general. The fundamental question is how the 
spatial distribution of temperature change in the "warmed" climatE' will affect the synoptic scale 
baroclinity in the regions where storms are spawned and/ or intensified. 

Most of the doubled CO2 GCM scenarios indicate several degrees Kelvin more warming 
near the poles than near the equator. Now, a sizeable portion of this warming will affect ocean 
areas. As this warmed water is mixed equatorward it will necessarily increase the mean Jonally 
averaged ocean temperatures in the upper mid-latitudes. This water's temperature is often seen 
as the warm side lower boundary condition for the atmospheric baroclinic zones in the primary 
cyclonic storm generation zones southeast of the Canadian Maritimes, Greenland and Siberia. 

The fundamental hypothesis here is that warming will strengthen storm development in 
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r~gions where large- areas of glacier ice' lie on the poleward sidf' of the mean tropospheric jet 
(and haroclinic zone) , but will weaken storm de-vtlopment whert thf' mean tropospheric jet (and 
primary barocliniC' zone) are at or near tht> coast of a non-glaciated land region. The former 
situation applies to many of the storms in western Europe and Antarctica, while' the latter 
situation applies to most of tht' storms of fastern North America and eastern Asia. 

In the North Atlantic it is possible that these changt's may be reinforcing because' of the 
iOlerpla,)', yia surface fluxes of latent and sensible heat. bf'tween the lower atmosphere and the 
Gulf SUE-am. 

Compensation of Surface-Flux Errors in Weather/Climate Models 
J.~. Wilson. Division of Md~orolo&y. Department of G~o~raphy. University of Albuta, Edmonton. 
Alberta 

A numerical study has been initiated to quantif,,,' the tendency for an overestimation (say) of 
the sensible heat flux over a given grid cell to result in a compensatingly reduc("d sensible heat 
flux in subsequent time-steps over that and downstream (,E'lls: I would like to dett"rmine whether 
then- exists a spatial scal~ over ¥ihich artal-avtrage' estimatts of the heat and vapour tiUIe'S 
by weather / climatE' models lirE' accurate' dtspite- local (sinRle-ceIJ) error!> due to oversimplified 
boundary treatment. Preliminary results of an examination of compensation on the microscale 
(i.e .. an error-swath width of order 10 m) indicate that a very long downstt<am 011 00 km] is 
required for even 80% compensation of the injected etror. 

Simulation of Water and Kinetic Energy Budgets of Cumulus Cloud. 
G.W. Reuter, Departm~nt of Meteorology, McGill University. Montr~al. Quebec 

A three-dimensional numerical model developed by Steiner (JAS 1973), Yau (JAS 1980), and 
Yau and Michaud (JAS 1982) is used to simulate convective storms. The model results at< 
analyzed to investigate time evolution of the water and kinetic energy budge-ts. The- model is 
based on the deep an elastic system of equations. Subgrid scale turbulent processes arC' modeled 
using a first order closure scheme with the eddy exchangE' coefficient depending on deformation 
shear and local buoyancy. Precipitation pro(.esst"s are parameterizt"d using tht" Kessler scbeme 
for warm rain. Tht' ice-phase microphysics is given in Yau and Macpherson (1984, Volume of 
extended abstracts, 9th Int. Cloud Physics Conf .. TalJin, p . 585- 588) . 

The initial conditions for the cloud simulations are taken from sounding data ('olleC'ted at 
the- Bethlehem Precipitation Research Proje-ct. Comparison between simulated and observed 
radar reflectivitiE'S indicatf a good agreement in maximum heights of radar reflt"C'tivity. The 
agrf'eme-nt in pe-ak reflf'ctjvit ~,. is fair. Thf' volume-integratt'd wat~r budgt"t of thf' simulated 
clouds indicates the importan('e- of the colh,!;ion-coalescence process in initiating and intensifying 
tht" rain formation. Deposition and riming vit"ld about the same overall contribution to the growth 
of the ice content. Our analysi!> of the kint"tic t"nergy budgt"ts reveal that the simulatt'd storms 
obtain their kinE'tic energy from conversion of potential ent"Igv released during condensation. In 
addition. tht" storm motion also abstracts a largt' fraction of its kinftic fnt"rgv from feeding on 
the shear of the ambient flow field. 

Temperature Trends in Canada 
P. Kertland, Canadian Climat~ Centre, Atmospheric Environment Service, Downsview, Ontario 

Ninety year records of temperature at 10 stations across southC'rn Canada were analyzed to assess 
annual and seasonal temperaturt" trends. A general warming trend was evident at all stations 
during the first half of the record, peaking in the mid-40's in western Canada and in the early 
50's in eastern Canada. The trends are muC'h more complex and seasonally de-pendent for the 
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last 40 years, with oniy western Canada showing annual temperatures currently warmer than 
the mid-record peak. As well, an analysis of regional patterns of temperature across Canada 
for the past 30 years was undertaken. This analysis shows a strong sone of warming in western 
Canada during most seasons and areas or cooling in eastern Canada, particularly in autumn. 
These results, their implications and the supporting methodologies will be discussed in detail. 

ManiCestations oC the El Nino Southern Osdllation in Southeastern Australian Waters 
W.W. Hsieh. Department of Oceanography, University of British Columbia, Vancouver, British Columbia 
B. V. Hamon, Ce.ringbah, New South Wales, Australia 

Using four decades of hydrographic data collected off the coast near Sydney, New South Wales, 
and the sea level data at Sydney, we studied the interannual variability in southeastern Aus­
tralian shelf waters. The tirst three empirical orthogonal funltion (EOF) modes of the band-pass 
tiltered 50 m depth hydrographic data (temperature T, salinity S, nitrate N, phosphate P and 
oxygen 0), sea level (SL) and adjusted sea level (ASL) data accounted respeetively for 51, 27 
and 10% of the total variance. The first two modes were significantly correlated with the South­
ern Oscillation Index (SOl). The tirst mode, with T, S, 0 and ASL varying in opposition to 
Nand P, represented the internal or baroelinic response 'associated with vertical displacements 
of the isopycnals. The second mode, with large in-phase f1uetuations in SL and ASL but small 
changes in the hydrographic variables, represented mainly the external or barotropic response 
during ENSO. 

Three-year composites centred around seven ENSO warm episodes revealed that T, S, 0 
and ASL were generally low while N, P, SL and SOl were high in the year before the ENSO 
warm episode, but the former group rose while the latter group dropped in the year of the 
warm episode. The changes in the hydrographic variables at 50 m were consistent with relatively 
shallow isopycnals in the year before the EN SO warm episode, followed by a deepening of the 
isopycnals during the warm episode. Estimates of this downward displacement of isopycnals using 
T, N, P and 0 were in the range 7- 10 m. 

The geoslrophic wind arising from the pressure fluctuations during ENSO is proposed as 
a probable cause for the vertical displacement of the isopycnals. In the year before the warm 
episode, the low pressure centre near Darwin would product a clockwiSf: geoshophic wind alound 
the southern half of Australia, generating offshore Ekman transport and upwelling off southeast­
ern Australia. During the warm episode, the air pressure near Darwin rises, the geostrophic wind 
reverses, and downward movement of the isopycnals would occur. 
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technology to acquire real-time 
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frequencies In a unique scheme which effectively 
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based RECEIVER 2 provides access and display of data 
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to modify and customize the presented data formal. 
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