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TWENTYFIRST ANNUAL CONGRESS

CANADIAN METEOROLOGICAL AND OCEANOGRAPHIC SOCIETY

The Twentyfirst Annual Congress and Annual General Meeting of the
Canadian Meteorological and Oceanographic Society will be held at
Memorial University of Newfoundland, St. John's, Newfoundland, June 16-
19, 1987. The scientific programme is integrated with the theme of the
Congress: Predictability in the Atmosphere and the Ocean. The opening
plenary sessions and a number of theme sessions will be of common interest
to meteorologists and oceanographers. The other sessions comprise
papers on toplcs of special interest announced in the Call for Papers,
and on other topics in the fields of meteorology and oceanography.

The Scientific Programme and local arrangements for this meeting
were organized by:

SCIENTIFIC PROGRAMME COMMITTEE

E. Hay, Chairman R. Haedrich
Anderson S. Macko
Banfield 1. Webster
Béland

T4 »

LOCAL ARRANGEMENTS COMMITTEE

Sanderson, Chairman
Narayanan, Secretary
Greatbatch, Treasurer
Hellou, Translation
Kinsella, Exhibits
Porter, Social
Richard, Registration
Walsh, Facilities

PLnD @A ®

INVITED SPEAKERS

J. Bowman, State University of New York

Bryan, Princeton University

Lorenz, Massachusetts Institute of Technology
Lynch, Woods Hole Oceanographic Institution
Mauchline, Dunstaffnage Marine Research Laboratory
Mysak, McGill University

Nriagu, National Water Research Institute
Robinson, Harvard University

Stewart, Alberta Research Council
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SPONSORS

We gratefully acknowledge the following organizations for financial
support and/or support in kind:

City of St. John's

Department of Physics, Memorial University of Newfoundland
Natural Science and Engineering Research Council (NSERC)
Newfoundland Institute for Cold Ocean Science (NICOS)
Northwest Atlantic Fisheries Centre

Province of Newfoundland and Labrador

COMMANDITAIRES

Nous aimerions remercier les commanditaires suivants pour leur
aide financiaire et/ou aide en espéce:

Conseil de recherches en sciences naturelles et en
génie (CRSNG)

Department of Physics, Memorial University of Newfoundland

Newfoundland Institute for Cold Ocean Sclence (NICOS)

Northwest Atlantic Fisheries Centre

Province of Newfoundland and Labrador

Ville de St-Jean






SUMMARY OF SESSIONS

Monday, June 15 Room

1400 - CNC/SCOR 52041

Tuesday, June 16

0900 - 1200 Floating Ice SIG Cc2049
0900 - 1200 Hydrology SIG $2000
0900 - 1200 Education Committee on Meteorology §2010
0900 - 1200 Education Committee on Oceanography 52025
0900 - 1200 Mesoscale Subcommittees 52041
0900 - 1200 Atmosphere-Ocean Editorlal Committee $2104
0900 - 1200 Climatological Bulletin Editorial Committee $3000
0900 - 1200 CMOS Accreditation Committee (Session 1) X4003
1300 - 1345 Chinook Editorial Committee $2000
1300 - 1545 CMOS Scientific Committee 52010
1300 - 1545 CMOS Centre Chairpersons §2025
1300 - 1545 Agricultural and Forest Meteorology SIG 52041
1300 - 1545 Operational Meteorology SIG 52104
1300 - 1545 CMOS Accreditation Committee (Session 2) X4003
1300 - 1600 Committee of Heads of Oceanography Groups

in Canadian Universities C2049
1300 - 1545 CMOS Professionalism Committee $3000
1300 - 1710 Posters/Displays - Set Up Time M1034
1445 - 1545 CMOS Publications Committee S2000
1600 - 1730 CMOS National Council (Session 1) x4002
1900 - 2100 ICE BREAKER RECEPTION Junior Common Room
2000 - 2300 CMOS National Council (Session 2) X4002

Wednesday, June 17

0800 - 1200 Registration and Information M1000
0900 - 1030 1  Plenary Theme Session I M1045
1050 - 1230 2  Plenary Theme Session II M1045
1230 - 1330 Patterson Luncheon Junior Common Room
1330 - 1710 Registration and Information M1000
1330 - 1510 3A Dynamical Meteorology I 52109
1330 - 1510 3B Coastal and Shelf Oceanography I M1032
1330 - 1510 3C Marine Geochemistry and Paleo-Oceanography M2025

1330 - 1510 3D Applied Oceanography M2017
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THE ROLE OF BAROCLINIC INSTABILITY IN THE PREDICTABILITY PROBLEM
Straus, D. M, , Laboratory for Atmospheres, NASA/Goddard Space Flight
Center, Greenbelt, MD

1415 A STUDY OF WAVE-WAVE INTERACTIONS IN A STEADY-STATE STRATOSPHERIC
MODEL
McLandress, C. and J. Derome, Department of Meteorology, MeGill
University, Montreal, PQ

1430 TOPOGRAPHIC WAVES IN A FORCED-DISSIPATED BAROTROPIC MODEL
Gravel, S. and J. Derome, Department of Meteorology, McGill
University, Montréal, PQ

1445  THE STABILITY OF A FINITE-AMPLITUDE MOUNTAIN WAVE
Laprise, R. and W. R. Peltier, Department of Physics, University
of Toronto, Toronto, ON

SESSION 3B COASTAL AND SHELF OCEANOGRAPHY I Wed. 1330-1515

Chairperson H. Freeland, Institute of Ocean Sciences Room M1032

1330 TIME DEPENDENT FORM OF THE ARRESTED TOPOGRAPHIC WAVE
Thompson, K. R., Department of Oceanography, Dalhousie University,
Halifax, NS

1345  SUB-INERTIAL OSCILLATIONS ON A BAROCLINIC SHELF
Narayanan, S, and I. Webster, Department of Physics, Memorial
University of Newfoundland, St. John's, NF

1400  SHELF WAVE SCATTERING DUE TO A LONGSHORE JUMP IN DEPTH
Middleton, J. F.and D.G. Wright, Atlantic Oceanographic Laboratory,
Bedford Institute of Oceancgraphy, Dartmouth, NS

1415 THE STABILITY AND THE VERTICAL STRUCTURE GF THE MEAN CURRENTS IN
THE STRAIT OF GEORGIA
Stacey, M. W., S. Pond and P. H. LeBlond, Department of Oceanography,
University of British Columbia, Vancouver, BC

1430  DEEP WATER REPLACEMENT IN THE STRAIT OF GEORGIA
Doherty, F. and P. H. LeBlond, Department of Oceanography, University
of British Columbia, Vancouver, BC

1445  ANNUAL CYCLE OF TRANSPORT THROUGH HECATE STRAIT
Crawford, W. R., Institute of Ocean Sciences, Sidney, BC

1500 NET INFLOW AND OUTFLOW OBSERVATIONS DURING DEEPWATER RENEWAL IN

TWO CLOSELY SPACED CHANNELS ON A SILL
Lee, W. G. and D. Nebert, Department of Oceanography, University
of British Columbia, Vancouver, BC
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1430 ON WAVE-CURRENT-STRUCTURE INTERACTION
Baddour, E. and §. Shaowen, Faculty of Engineering and Applied
Science, Memorial University of Newfoundland, St. John‘s, NF

1445 ON THE USE OF THERMITE FOR THE FRACTURING OF ICEBERGS

Lewis, J. C.* and P. H. Gammon, *Department of Physics, Memorial
University of Newfoundland, St. John's, NF

Coffee (1510-1530)

SESSION 4A DYNAMICAL METEOROLOGY II Wed. 1530-1710
Chairperson M. Béland, AES Dorval Room 52109

1530 PRELIMINARY EXPERIMENTS WITH A ONE-DIMENSIONAL TURBULENCE MODEL;
ENSTROPHY CASCADES AND INTERMITTENCY
Bartello, P. and T. Warn, Department of Meteorology, McGill
University, Montréal, PQ

1545 A DIAGNOSTIC VORTICITY ANALYSIS OF BLOCKING USING DATA FROM THE
CANADIAN CLIMATE CENTRE GENERAL CIRCULATION MODEL
Lin, C. A. and W. A. Gough, Department of Meteorology, MeGill
University, Montréal, PQ

1600 BAROTROPIC MODON PROPAGATION OVER SLOWLY VARYING TOPOGRAPHY
Swaters, G. E., Department of Mathematics, University of Alberta,
Edmonton, AB

1615  STABILITY CONDITIONS AND A PRIORI ESTIMATES FOR EQUIVALENT-
BAROTROPIC MODONS

Swaters, G. E., Department of Mathematics, University of Alberta,
Edmonton, AB

SESSION 4B COASTAL AND SHELF OCEANOGRAPHY II Wed. 1530-1710
Chairperson Y. Gratton, Université du Québec & Rimouski Room M1032

1530 LOW FREQUENCY VARIABILITY IN THE DEEPER WATERS OF THE GULF OF
ST. LAWRENCE
Bugden, G. L., Department of Fisheries and Oceans, Bedford Institute
of Oceanography, Dartmouth, NS

1545 ON THE VARIABILITY AND VERTICAL STRUCTURE OF LONGSHORE CURRENTS
IN THE JACQUES CARTIER STRAIT, SUMMER 1986
Koutitonsky, V. G., D. Lefaivre, D. Haines and P. Ouellet, INRS-
Océanologie, Institut national de la recherche scientifique,
Rimouski, PQ
























1150

1205

1220
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INTERANNUAL VARIABILITY OF TRANSBOUNDARY SULFUR MASS FLUX
Olson, M. P. and K. K. Oikawa, Air Quality and Inter-Environmental
Research Branch, Atmospheric Environment Service, Downsview, ON

CROSS-FRONTAL FLUXES OF HEAT AND NITRATE ON GEORGES BANK
Loder, J. W., E. P. W. Horne and O. Ulloa, Department of Fisheries
and Oceans, Bedford Institute of Oceanography, Dartmouth, NS

HORIZONTAL MIXING OF PLANKTON BY INTERNAL WAVES, SURFACE WAVES
AND SMALLER SCALE TURBULENT MOTION

Sanderson, B, G., B. K. Pal and A. Goulding, Department of Physics,
Memorial University of Newfoundland, St. John‘s, NF

SESSION 6E: POSTERS Thurs. 1050-1230

Room M1034

SATELLITE SCATTEROMETER APPLICATIONS FOR ARCTIC ICE/WATER BOUNDARY
IDENTIFICATION
Peteherych, S., Atmospheric Environment Service, Downsview, ON

THE LIGHT ENVIRONMENT OF GREENHOUSE-GROWN CONIFER SEEDLINGS
Tuller, S. E. and M. J, Peterson, Department of Geography, University
of Victoria, Victoria, BC

TEMPERATURE ANALYSES FROM NEAR REAL-TIME OCEANOGRAFPHIC OBSERVATIONS
Gagnon, J. J., J. R. Keeley and P. A. Bolduc, Marine Envirommental
Data Service, Department of Fisheries and Oceans, Ottawa, ON

REAL-TIME AND NEAR REAL-TIME DATA AND DATA PRODUCTS AVAILABLE
FROM MEDS

Gagnon, J. J., P, A, Bolduc and J. R. Keeley, Marine Environmental
Data Service, Department of Fisheries and Oceans, Ottawa, ON

ENVIRONMENT CANADA NATIONAL CLIMATE DATE ARCHIVE
Webb, M., Canadian Climate Centre, Atmospheric Environment Service,
Downsview, ON

COLD OCEAN PRODUCTIVITY EXPERIMENT (COPE 86); PARTICLE FLUX,
NUTRIENT, AND SESTON CHARACTERISTICS

Thompson, R. J., D. Deibel, L. R. Pomeroy, D. J. Douglas and P.
C. Griffith, Marine Sciences Research Laboratory, Memorial University
of Newfoundland, St. John's, NF

COPE-86: RESPONSE OF HETEROTROPHIC BACTERIA AT LOW TEMPERATURE
TO VARIED SUBSTRATE CONCENTRATIONS

Pomeroy, L. R., D. Deibel, R. J. Thompson, D. J. Douglas and P.
Griffith, Institute of Ecology, University of Georgia, Athens, GA

COPE-86: SHORT TERM TEMPERATURE RESPONSE OF HETERGTROPHIC AND
PHOTOSYNTHETIC COLD QCEAN MICROPLANKTON

Douglas, D. J., D. Deibel, R, J. Thompson, P. C. Griffith and L.
R. Pomeroy, Institute of Ecology, University of Georgia, Athens,
GA
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SESSION 7B OPERATIONAL METEOROLOGY Thurs. 1330-1515
Chairperson W. S. Appleby, AES Halifax Room M1032

1330 AN OPERATIONAL CHECKLIST FOR FORECASTING EXPLOSIVE CYCLOGENESIS
OVER THE EASTERN PACIFIC
McLennan, N, and L. Neil, Pacific Weather Centre, Vancouver, BC

1345  THE IMPORTANCE OF THE LOWER LEVEL WIND PROFILE IN TORNADO PREDICTION
Patrick, D. and A. J. Keck, Prairie Weather Centre, Winnipeg, MB

1400 FREEZING RAIN EVENT AT ST. JOHN'S, NEWFOUNDLAND ON MARCH 2ND, 1986
Earle, A. G. and D. E. Steeves, Newfoundland Weather Centre, Gander,
NF

1415 DOPPLER RADAR DETECTION OF SEVERE WEATHER IN SOUTHERN ONTARIO
Joe, P. I. and C. L. Crozler, ARPP, Atmospheric Environment Service,
Downsview, ON

1430 THE CO-EXISTENCE OF SPONGY AND GLAZE ICE ON HEAT CONDUCTING OBJECTS
Szilder, K. and E. P. Lozowski, Department of Geography, University
of Alberta, Edmonton, AB

1445 A RATIONAL APPROACH TO EVAPORATION PAN OPERATION IN CANADA AND
OTHER COLD CLIMATES
Hopkinson, R. F., Sclentific Services Division, Atmospheric
Environment Service, Regina, SK

1500 PREDICTION OF SURFACE WETNESS DURATION FROM OPERATIONAL METEORO-
LOGICAL DATA
Gillespie, T. J., Agrometeorology, University of Guelph, Guelph,
ON

SESSION 7C BIOLOGICAL/PHYSICAL INTERACTIONS IN THE OCEAN
Thurs. 1330-1515

Chairperson G. Evans, Northwest Atlantic Fisheries Centre Rm M2025
1330 Keynote Address:

TIME SCALES, SPACE SCALES AND FISH SCALES: VISCQUS VORTICES AND
VOLUTED VIVARIA.

Bowman, M. J., Marine Sciences Research Center, State University
of New York

1400  ASSOCIATION OF PRIMARY PRODUCTION AND RECRUITMENT IN SUBARCTIC
ECOSYSTEMS: THE APPRISE PROGRAM
Bienfang, P. K., Oceanic Institute, Makapuu Point, Waimanalo, HI

1415 VARIABILITY IN ICHTHYOPLANKTON ABUNDANCE SAMPLED DURING 24 H AND
ERROR ESTIMATES ASSOCIATED WITH THEIR NON-CONSTANT DEPTH DISTRIBUTION
Anderson, J. T.* and 1. Webster, *Department of Fisheries and Oceans,
St., John's, NF
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SESSION 8A ATMOSPHERE/OCEAN COUPLING Il Thurs, 1530-1710
Chairperson K. Bryan, Princeton University Room M1045

1530 THE STEADY STATE RESPONSE OF THE ATMOSPHERE TO MIDLATITUDE
HEATING WITH VARIOUS ZONAL STRUCTURES
Weaver, A. J.*, L. A. Mysak and A. F. Bennett, *Department of
Mathematics, University of British Columbia, Vancouver, BC

1545 THE RELATIONSHIP BETWEEN SUB-SAHARAN RAINFALL AND GLOBAL SEA
SURFACE TEMPERATURES
Semazzi, F. H. M., V. Metha and Y. C. Sud, Laboratory for Atmos-
pheres, NASA/Goddard Space Flight Center, Greenbelt, MD

1600 PACIFIC OCEAN SST AND INDIAN MONSOON RAINFALL
Parthasarathy, B., J. K. Eischeid and H, F. Diaz, University of
Colorado, CIRES, Boulder, CO

SESSION 8B LABRADOR CURRENT OCEANOGRAPHY Thurs. 1530-1715
Chairperson S. Narayanan, Memorial University Room M1032

1530 THE BAROCLINIC CIRCULATION IN HUDSON STRAIT
LeBlond, P. H.* and J. Cherniawsky, *Department of Oceanography,
University of British Columbia, Vancouver, BC

1545 LOW- FREQUENCY CURRENT VARIABILITY ON THE LABRADOR SHELF
Webster, I., S, Narayanan and D. Holland, Department of Physics,
Memorial University of Newfoundland, St. John's, NF

1600 THE INTERACTION OF TOPOGRAPHY WITH THE BAROTROPIC AND BARQCLINIC
LABRADOR CURRENT
Greenberg, D., B. Petrie and D. Wright, Department of Fisheries
and Oceans, Bedford Institute of Oceanography, Dartmouth, NS

1615 RENEWAL OF DEEP WATER OVER THE LABRADOR SHELF
Lazier, J. R. N., Atlantic Oceanographic Laboratory, Bedford
Institute of Oceanography, Dartmouth, NS

1630  CURRENT METER OBSERVATIONS FROM THE NORTHERN GRAND BANKS, 1986
de Young, B. and C. L. Tang, Atlantic Oceanography Laboratory,
Bedford Institute of Oceanography, Dartmouth, NS

1645 OBSERVATIONS OF AN OCEAN FRONT SOUTH OF FLEMISH PASS
Murphy, D. L., I. Anderson and N. B. Thayer, United States Coast
Guard, International Ice Patrol, Groton, CT

1700 ON THE EFFECTS OF FRICTIONAL TORQUE ON THE DOWNSTREAM EVOLUTION
OF A WEAKLY NON-LINEAR LABRADOR CURRENT
Hay, A. E., Department of Physics, Memorial University of
Newfoundland






1615

1630

27

METHODS FOR THE FRACTURING OF ICEBERGS
Gammon, P, H.*, J. C. Lewis and L. R. Muir, *Consolidated
Technologies Limited, St. John's, NF

THE DEGRADATION AND INFILLING OF ICEBERG SCOURS
Davidson, §. H.*, J. V, Barrie and C. F. M. Lewis, *ASA Consulting
Limited, Dartmouth, NS

Cocktail Hour Thurs. 1800-1900

Junior Common Room

Annual Banquet Thurs. 1900-

Main Dining Hall
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SESSION 1 PLENARY THEME SESSION I Wed. 0935-1030

Chairperson W. S. Appleby, President, CMOS Room M1045

PREDICTABLE WEATHER: FANTASY OR FACT?

Edward N. Lorenz, Center for Meteorology and Physical Oceanography, Massachusetts
Institute of Technology, Cambridge, MA 02139, U.S.A.

We compare weather forecasting with the prediction of other natural phenomena
such as oceanic tides. We examine the possibility that a forecast may fail
because it depends upon something which has not been detected or has not even
occurred. We show theoretically that the accuracy of predictions of irregularly
varying natural phenomena must decay as the range of prediction increases,
becoming in the limit no better than guesswork. Mathematical models of the
atmosphere suggest that day-to-day weather changes are not predictable more
than a few weeks ahead. Quantities such as monthly averages may entail less
severe limitations.

We can nevertheless identify certain features whose predictability at long
range is assured by past experience in predicting them. The quasi-biennial
oscillation allows us to predict the equatorial stratospheric winds a year
ahead with falr accuracy. The course of an El Nino event, once it becomes
established, is reasonably predictable for a few months. Of special theoretical
interest are various "coherent structures", which are supposed to be nearly
immune to perturbing influences. We examine the case for regarding tropical
cyclones as coherent structures, even though their paths are notoriously
unpredictable.

We consider the possible role of slowly varying boundary conditions in extending
the range of predictability. Sea-surface temperature fields offer the most
frequently cited example.

Our overall conclusions sound like those of a generation ago: there will
always be 1limitations, but significant Iimprovements are both possible and
likely. Perhaps more progress has been made in prediction than in understanding
predictability.

SESSION 2 PLENARY THEME SESSION II Wed. 1050-1230

Chairperson A. E. Hay, Memorial University Room M1045

PREDICTABILITY, SENSITIVITY AND TRANSITIVITY IN THE COUPLED OCEAN ATMOSPHERE SYSTEM
R. W. Stewart, Alberta Research Council, P. 0. Box 8330, Postal Station F,
Edmonton, AB, T6H 5X2

The word "predictability" may usefully be restricted to meanings close to
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SESSION 3A DYNAMICAL METEOROLOGY I Wed. 1330-1510

Chairperson T. Warn, McGill University Room 52109

ON THE GENESIS OF METEOROLOGICAL BOMBS
G. W. Kent Moore*, and W. R. Peltier, *Department of Physics, University of
Toronto, Toronto, Ontario, M5S 1A7

We consider the problem of identifying the dynamical processes which are
responsible for the development of meteorological bombs, those relatively
short wavelength cyclones which are observed to deepen "explosively". The
basis of the explanation which we have developed for this phenomenon is the
new a-geostrophic cyclone mode of baroclinic instability that we have shown to
be a prominent characteristic of the instability spectrum of realistic atmospheric
frontal zones. The existence of this cyclone is not explicable in terms of
quasi-geostrophic theory. We show that the incorporation of a parameterization
of the latent heat released by the ascent of moist boundary-layer air through
the nascent cyclone results in a dramatic reduction of the e-folding time of
the disturbance. This rapid increase of the growth rate is the result of a
co-operative interaction between the process responsible for the existence of
the cyclone and that responsible for the latent heat release. When a conventional
Charney-Eady mode of baroclinic instability is analyzed in the same way it
shows no similar sensitivity to moist processes.

CYCLONE SCALE BAROCLINIC INSTABILITY

W. R. Peltier*, and G. W. Kent Moore, *Department of Physics, University of
Toronto, Toronto, Ontario, M5$ 1A7

We address the issue of the stability of realistic fromtal structures to
arbitrary three dimensional perturbations which do not satisfy the constraints
of quasi-geostrophy. The resulting non-separable baroclinic instability
problem is analyzed using the full primitive equations employing a variant of
the Galerkin method which was originally developed to investigate the stability
of nonlinear Kelvin-Helwholtz waves. This analysis demonstrates that realistic
frontal zones, such as those generated by the semi-geostrophic theory of
Hoskins and Bretherton, are susceptible to baroclinic instability net only via
the well known Charney-Eady mode, which is a deep troposphere filling structure,
but also via a new boundary confined mode which is not predicted at all by
quasl-geostrophic theory. The fastest growing mode in this new branch of the
instability spectrum has a horizontal wavelength of 1000 km and apparently
provides the long sought explanation of mid-latitude frontal "ecyclomes" which
are to be understood as fundamentally different from the "long waves" of
Charney and Eady. Of particular interest is the fact that this new cyclone
scale mode of baroclinic instability is extremely sensitive to the influence
of latent heat release in the region of ascending air. The mode appears to
provide a viable explanation of phenomena as diverse as the polar-front cyclones
of mid-latitudes, and Balu-front cyclones of the far east, and both polar lows
and comma clouds. The companion paper describes the application of this new
theory to the understanding of "meteorological bombs"™ while the present paper
focuses on the fundamentals of the new instability mechanism.
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qualitatively summarized by those for an unbounded shelf. 1In addition, at low
frequencies, low mode waves exhibit a strong tendency to propagate along f/h
contours even as the jump is crossed and scattered energy is found to reside
mainly in the gravest reflected and transmitted modes. The analysis also
suggests that results may be applicable to scattering by smooth jumps provided
the longshore topographic scale is less than half the shelf width.

THE STABILITY AND THE VERTICAL STRUCTURE OF THE MEAN CURRENTS [N THE STRAIT OF
GEORGIA.

Michael W. Stacey, Stephen Pond, and Paul H. LeBlond, Department of
Oceanography, University of British Columbia, Vancouver, B.C. V6T IW5

The balance of forces responsible for the vertical structure of the mean
currents in the Strait of Georgia has been examined using data collected from
four cyclesonde moorings. A geostrophic calculation shows that over much of
the water column the vertical shear in the horizontal velocity is explained
by the thermal wind equations, i.e., the currents are in approximate
geostrophic balance. In the upper 60 m of the water column in particular,
however, the observed velocity shear can be much larger than that predicted
by the observed isopycnal slope. In this region the relevant dynamical
balance is between the Coriolis force and the force arising from the vertical
diffusion of horizontal momentum. A vertical eddy viscosity of the order of
0.5 m?/s is deduced from the velocity profile at one cyclesonde mooring.
Simple models of barotropic and baroclinic instability suggest that such
instabilities can occur in the strait in the presence of diffusive effects,
but that the diffusive effects may significantly reduce the growth rates of
the fastest growing waves, and may in certain circumstances suppress
instability completely.

DEEP WATER REPLACEMENT IN THE STRAIT OF GEORGIA
Ford Doherty and Paul LeBlond. Department of Oceanography, University of
British Columbia, Vancouver, B.C., V6T 1W5.

Hydrographic data from a year of monthly cruises in the Strait of Georgia
have been examined, with particulr attention to deep water replacement.

The signature of winter and summer replacement events is clearly
recognizable in the temporal variation of properties along the strait.

The northward horizontal speed of property changes is determined and found
to vary across the strait, being greatest on the eastern side. The replace-
ment of deep and intermediate waters is also examined through volumetric
analysis. Interannual variability at a central station is examined and
related, in part, to atmospheric winter cooling conditions.

ANNUAL CYCLE OF TRANSPORT THROUGH HECATE STRAIT
Crawford, William R., Institute of Ocean Sclences, Sidney, BC

Three lines of current meter moorings were maintained in Hecate Strait for 11
months in 1983 to 1984, together with subsurface pressure gauges and anemometers.
Currents across each line are used to compute water transport through Hecate
Strait. In all seasons, fluctuations in the transport are wind driven. A
fall transition in October marks the change from summer to winter regimes.
Currents preceding this transition are weak and variable. Autumn storms with
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STABLE ISOTOPIC COMPOSITION OF PLANT PIGMENTS

Bidigare, R.R.}, M.C. Kennicutt IIl and S. Mackol

Dept. of Oceanography, Texas A & M University, College Station, TX 77843
ZDept‘ of Earth Sciences, Memorial University, St., John's, Newfoundland
AlC 2N8

The study of the distribution of stable carbon and nitrogen isotopes in
marine organic matter has been limited by the fact that it is extremely
difficult, if not impossible, to separate the complex suite of suspended
particulates into its major components, detritus, bacteria, phytoplankton
and microzooplankton. Knowledge of the isotopic composition of these individual

pools can potentially be useful for (1) sourcing organic matter, (2} delineating
genetic relationships between transformed products and their biological

precursors, and (3) investigating the cycling of organic matter in the upper

ocean. We have combined the techniques of source-specific molecular isolations

and stable nitrogen/carbon isotopic compositions to better define the sources,

transformation and transport of organic matter. Preliminary data are presented
for chlorophyll and carotenoid pigments isolated from several sources and
results are discussed in relation to intermediary metabolism in photosynthetic

autotrophs.

SESSION 4D SCIENTIFIC AND FUNDING PROGRAMS Wed. 1530-1710

Chairperson B. Ruddick, Dalhousie University Room M2017

ERICA. PLANNING AND PROGRESS
Ron Hadlock, Carl W. Kreitzberg and Robert F. Abbey, Jr.
Battelie Memorial Institute, P.O. Box 999, Richiand, WA 99352

Scientific hypotheses for explosively-developing winter storms at sea will be
tested by the field phase of the Office of Naval Research's basic research program
Experiment on Rapidily Intensifying Cyclones over the Atlantic. Needed data will
be obtained on the atmospheric synoptic, meso-, and boundary-layer scales and at
the air-sea interface, including ocean surface properties. The overall ERICA
objectives are to. (1) develop an understanding of the fundamental physical
processes that lead to explosive atmospheric cyclogenesis at sea, (2) identify
measurablie precursors that can be used for accurate operational dynamical
meteorological forecast modei predictions, and (3) determine the minimum set of
these observables that is necessary for accurate forecasts of intense cyclogenesis
at sea Hypothesis testing will involve the numerical modeling research
component of ERICA; development of improved operational forecasting methods
will come after ERICA determines the necessary and sufficient physical processes
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5 Years - Three different cruises have revisited vent sites to find major
community shifts in response to alteration of both high and low temperature
flows. Some areas have died entirely.

6. Centuries - Frequent tectonic and volcanic events on ridges must be
catastrophic to organisms; segment jumping and changes in spreading rates
would be reflected in such event. Population isolation can result in
speciation or extinction,

In response to such wide ranges in habitat predictability, certain strategies
might be expected in these organisms. These include flexible physiological
and metabolic processes, wide niches within the vent habitat, continual
reproduction, and wide-ranging populations. Some of these features are now
known to exist.

SEASONAL PATTERNS IN OCEANOGRAPHIC AND BIOLOGICAL EVENTS IN A FJORD, BONNE
BAY, NEWFOUNDLAND

Robert G. Hooper, Biology/N.I.C.0.S., Memcrial University of Newfoundland, St.
John's, Newfoundland, AlB 3X7

The water masses of Bonne Bay show a seasonal warming and cooling cycle that
results in consistent stratification patterns during each summer. This temperature
and salinity stratification correlates well with sessile biological zonation
patterns. The distribution of mobile organisms alse changes seasonally
corresponding to the pycnocline depths associated with specific water masses.
Low salinity controlled stability of the inner basin of Bonne Bay Impedes
mixing and as a result stratification is more compressed than outside the
shallow sill. In the fall reverse thermoclines associated with cold low
surface salinity water develop, sometimes entrapping warm water fish, which
normally migrate south. When the stability is lost, due to freezing, the
resultant turnover results in sudden mass mortality. Mackeral, Atlantic
sauries, dogfish and squid are the most frequent victims of this phenomenon.

PREDICTING GUANO PRODUCTION FROM EL NINO EVENTS.

David Schneider (Newfoundland Institute for Cold Ocean Science,
Memorial University, St. John's, Canada) David

Cameron Duffy (Universidad Nacional, Hereida, Costa Rica)

The 1982-83 E1 Nino event was unusual in its duration, intensity,
and seasonal timing; it was followed by analogous shifts in zonal
and meridional atmospheric circulation in the Atlantic. The
1982-83 event caused distributional and demographic changes in
upper trophic level marine organisms in the Pacific; it has been
linked to changes In marine populations elsewhere in the world. We
investigated the predictability of guano production in the

eastern tropical Pacific and eastern tropical Atlantic in

relation to E1 Nino events from 1908 to 1960. The frequency of

El Nino events at a time scale of 4.7 years explained 80% of variation
in guano production. Single events explained only 8% of the annual
variation in guano production in Peru. Guano production in the
southern Atlantic was unrelated to El Nino events in the Pacific.
Contrary to expectation, decreases in Peruvian production were
followed by significant increases in Benguela production at a lag
of 1 year.
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MASS TRANSPORT CONSTRAINTS ON THE GROWTH OF FERRO-MANGANESE
NODULES

Bernard P. Boudreau

Department of Oceanography,

University of British Columbia,

Vancouver, BC V6T 1W5.

A successful theory for the genesis of manganese nodules
must predict their observed growth-rates and account for their
general morphological features. If the Mn(II} oxidation
reaction i{s relatively rapid, then the transport of dissolved
metals to a nodule surface controls the accretion rate and
shape. This transport process can be described using diffusion-
advection models and boundary-layer theory.

The discoidal shape of many shallow-water ferro-manganese
nodules is thought to reflect a strong underlying diagenetic
source for the accreting metals. However, the coarse-grained
sediments found usually beneath these nodules are unlikely to
support substantial fluxes of dissolved metals. Lateral
movement of metal-enriched bottom waters over these oxidized
sediments are a more likely source. Assuming a lateral source
and that the sediment-water interface is relatively inert to
dissolved metals, a boundary-layer transport model can
reproduce the discoidal morphology. When applied to the
environmental conditions of Lake Charlotte (N.S.) and Jervis
Inlet (B.C.), the model-predicted growth-rates are in good
agreement with other independent estimates for the nodules
found at these two locations.

The identification of an underlying sediment source of
metals for deep-sea nodules on highly oxidized sediments has
proven to be elusive. On the other hand, seawater presents a
readily available supply, at least to the top surface of
nodules. Assuming that nodules and oxidized red-clays are
equally reactive to dissolved metals, then the predicted flux
of dissolved Mn through the benthic-boundary-layer to the
nodules matches the measured radiometric rates. The formation
of more spherical nodules can also be expected.

THE INFLUENCE OF THE ICE PHASE ON THE CHEMISTRY OF A RAINBAND
H.G. Leighton, A. Giles and M.K. Yau

Department of Meteorology

McGill University

805 Sherbroocke St. W.

Montreal, P.Q.

H3A 2K6

Previcusly we have reported on simulations of a rainband with a combination
of a two-dimensional dynamical cloud model and a cloud chemistry model.
The simuilations were compared with observations of the alr, cloud and rain
chemistry of the rainband and although in some aspects there was good
agreement. between the observations and simuilations, in others there were
significant discrepencies. In particular, the similated concentration of
sulphate in the air within the cloud appeares to be too high and the
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A lens of anomalously salty Mediterranean outflow water in the Canary Basin
has been tracked by means of SOFAR floats from October 1984 to October 1986 by
L. Armi and T. Rossby (pers. comm.). In June 1985, we were able to find the
lens and survey it with CTD, current measuring, and microstructure instruments.
We found that the lens was being eaten away at the edges by intrusive layers
about 30 m thick, in a region a few kilometers wide. Later surveys showed
that the intrusions worked their way to the centre, causing the core to mix
completely with the surrounding water. We discuss the signatures and
characteristics of these intrusions, and attempt to Infer their effects on the
heat, salt, and velocity structure of the lens. We also raise the question of
whether they are driven by double diffusive transports or by momentum transports
(the MacIntyre instability). It seems at this point that we can’'t answer that
question for this experiment, and that it will be difficult to design an
experiment to discriminate between the two mixing mechanisms.

POSSIBLE INSTRUMENTAL EFFECTS CONTAMINATING INTERDECADAL TRENDS IN SHIP-BASED
58T OBSERVATIONS.,
Morton Allingham, Lawrence A. Mysak and Kevin Hamilton

Department of Meteorology, McGill University, B05 Sherbrooke St. W.,
Montreal, Quebec H3A 2K6

There has been much recent interest in interdecadal variations of the marine
climate. Unfortunately, historical SST data from ship reports are thought
to contain systematic errors resulting from changes in instrumentation and
observing techniques. In particular there is the change from the use of
uninsulated buckets for water temperature sampling in the pre-WWII period

to that of engine intake temperature after the war. We are attempting to
assess the magnitude of this effect by cowparing ship-based SST records

with nearby coastal station time series which should be free of these
systematic errors. The study makes use of the Comprehensive Ocean-Atmosphere
Date Set (COADS) and a number of coastal stations on both sides of the

North Atlantic with records starting early in the century.

T/S PROPERTIES OF THE ARCTIC OCEAN NEAR THE ALPHA RIDGE
R. G. Perkin

E. L. Lewis

Institute of Ocean Sciences

9860 W. Seanich Road

Box 6000

Sidney, B.C., Canada VBL 4B2

Data collected from sea ice landing sites in the vicinity of
the CESAR ice camp and Yelverton Bay, Ellesmere Island shed
new light on the oceanography of this sparsely studied area
of the Arctic Ocean. Differences between the Canada Basin
;south of the Alpha Ridge, and the Makarov Basin, north of
the Alpha Ridge are found well above the ridge depth
indicating a dynamical separation between the waters over
the two basins. Step features show marked dissimilarities
and may be useful as tracers to the origins of the waters in
the two basins. T/S correlations in the shelf and slope
regions off Ellesmere Island show evidence of a much more
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energetic shelf regime. Geostrophically derived currents
indicate southwesterly flow at all depths, somewhat at odds
with the normally accepted current patterns.

SESSION 6C BIOLOGICAL OCEANOGRAPHY II Thurs. 1050-1230
Chairperson J. Anderson, Northwest Atlantic Fisheries Centre
Room M2025

THE IMPORTANCE OF SPATIAL SCALE IN CHARACTERIZINC BENTHIC COMMUNITY COMPOSITION
AND ITS RELATION TO THE SUBSTRATUM.

Jean-Marc Gagnon, Department of Biology, Memorial University of Newfoundland,
St. John's, Newfoundland ALB 3X9.

The epibenthic megafauna photographed along five transects in the Hibernia
region of the Grand Banks was used to investigate the relations between species
assemblages and environmental gradients over a wide range of spatial scale.
Nonmetric ordinations were produced for several scale intervals along each
transect. The statistical significance of the observed trends in the variance
explained by the components (factors) was evaluated through randomization
tests. The spatial scale at which observations are made is shown to have a
significant effect on the quality of the observations and their interpretatiom.
The first ordination component is interpreted as a substrate gradient. The
variance accounted for by this component is low at local scale (single frames)
but shows a significant increase with length scale. Interpretation of the
megafaunal data at a local scale indicates that stochastic processes are
dominant. At spatial scales greater than 100 metres however, species assem-
blages are closely associated with substrate variability. The appropriate
choice of sampling scale 1s therefore, at least in part, determined by the
group of specles under investigation, and is defined by the degree of mobility
of the individuals. It is also influenced by the degree of heterogeneity or
patchiness of the habitat.

LOCATION, DEMOGRAPHY AND MICRODISTRIBUTION OF ‘COLD SEEP’ BENTHIC COMMUNITIES
IN THE JAPAN TRENCH SYSTEM: BIOLOGICAL REFLECTION OF GEOLOGICAL PROCESSES

S. Kim Juniper* and Myriam Sibuet, Dept. of Biology, University of Victoria,
Victoria, BC, V8W 2Y2

Submersible exploration of the subduction zones around Japan has revealed
scattered "cold seep” benthic communities, dominated by the bivalue Calyptogena,
down to depths near 6000 m. These apparently chemo-synthesis-based communities
are localized at sites where methane-rich deep sediment pore-water vents
through the seafloor as a result of the subduction process. Discovery of this
type of biological community is very recent and their ecological functioning
is virtually unknown. We have used photo and video imagery obtained by submersible
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ENVIRONMENT CANADA NATIONAL CLIMATE DATE ARCHIVE
Mike Webb, Canadian Climate Centre, 4905 Dufferin Street, Downsview, Ontario,
M3H 5T4

The Canadian Climate Centre of DOE’s Atmospheric Environment Service maintains
an archive of climatological data in document, micrographic and digital form.
This poster session will indicate service and product sources available from
the Centre and how they can be obtained. Emphasis will be on recent publications,
on digitized climate data and support software which output custom data displays
and analyses, and on digitized marine weather data and exploitive software
such as "MAST".

COLD OCEAN PRODUCTIVITY EXPERIMENT (COPE B86); PARTICLE FLUX, NUTRIENT, AND
SESTON CHARACTERISTICS

R.J. THOMPSON, D. DEIBEL, L.R. POMEROY, D.J. DOUGLAS AND P.C. GRIFFITH
(Memorial Univ. of Newfoundland, Marine Scilences Research Laboratory,
St. John's, Newfoundland, Canada AlC 557)

In preliminary work Pomeroy and Deibel (1986) suggested that marine
psychrophilic bacteria are inactive at temperatures below 4°C. However,
most of the primary production on the Newfoundland continental shelf occurs
at €2°C and supports a substantial groundfishery. This implies that much of
the phytoplankton production may reach the benthos. During the spring and
summer of 1986, we measured particle flux by placing sediment traps at 40,
80, 150, and 240m at a station (270m) in Conception Bay, Nfld. We
determined temperature, nutrient concentrations, and seston characteristics
including phytoplankton pigments, particulate organic carbon, particulate
organic nitrogen, and floristic analysis.

In early April nutrients were reduced 1im the surface layer.
Chlorophyll a levels were 4-8 jg/l, significantly greater than winter values
(<0.3 ug/l). Temperatures were low (<-0.7°C) throughout the water column.
By the end of April nutrient depletion was observed to a depth of 60m.
Particle flux peaked at 1.3 g/m? per day at 240m in early June. During
April and May, the material reaching the benthos was rich in chlorophyll a
(ca. 70% of total pigments) and was composed largely of intact diatoms
(Skeletonema costatum and Chaetoceros spp.). There were almost no fecal
pellets, and the C/N ratio was 7-9. It appeared that most of the spring
bloom reached the benthos at 270m in just a few weeks as a pulse of
high-quality food which had not been utilized previously by grazers.

COPE-86: RESPONSE OF HETEROTROPHIC BACTERIA AT LOW TEMPERATURE TO VARIED
SUBSTRATE CONCENTRATIONS

LAWRENCE R. POMEROY, DON DEIBEL, R.J. THOMPSON, DONALD J. DOUGLAS AND PETER
GRIFFITH (Institute of Ecology, University of Georgla, Athens, Georgia
30602)

Previous study of the spring phytoplankton bloom in Conception Bay,
Newfoundland, showed exceedingly low rates of growth and metabolism of
heterotrophic bacteria. In 1986, we experimented with the effects of
changes in temperature and substrate concentration on natural communities of
heterotrophic bacteria. Glucose and peptone were added to aliquots of water
collected at several depths to make concentrations of 5, 50 and 500 wg/l
each. These were incubated at -1, +2, and +6°C (ambient temp. = -1 to +2°C)
in the dark. Changes in numbers and biomass of bacteria and in dissolved
oxygen were measured over 2-3 weeks. After an initial lag, populations
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the pavement. Forecasters collect the pavement observations and produce a
pavement forecast from a centralized forecast facility. The forecast
includes when the precipitation will occur and what type of precipitation it
will be, when the pavement will freeze and how long it will remain frozen,
and when pavement temperatures will change and the degree of change. The
forecast product is designed to make it easier for the decision maker to plan
and prepare for a winter weather situation.

This paper describes the surface sensor system which provides realtime
surface condition information to maintenance personnel and to operational
meteorologists, the computer software that interfaces with the sensor
systems, the personal computer graphic displays tailored for roadway and
runway pavement interpretation and monitoring, the computer forecasting model
that forecasts and projects pavement temperature and moisture, and the
centralized and specialized forecasting center,

DEEPSEA WAVE HINDCASTS IN THE NORTH PACIFIC
J.A. Helbig and J.A. Stronach
Pacific Ocean Sciences Ltd., 301A-3700 Gilmore Way, Burnaby, BC V5G 4M1

To obtain boundary conditions for a shallow water coastal wave model of the
Queen Charlottes, we adapted the North Sea parametric hybrid model (NORSWAM)
to the north Pacific (40-60N, 120 - 180W). Our experiences in doing so and
selected results from three hindcasts are presented. Two hindcasts modelled
the generation and propagation of swell, the third treated intense local
generation. The NORSWAM model i1is &a second generation wave model that
parametrically represents windsea in terms of a JONSWAP spectrum; three free
parameters were allowed: the peak frequency, the Phillips constant, and the
peak enhancement factor. Swell 1is treated separately; after it is
transferred from windsea it propagates as a series of wave packets along
great circle paths. It continues to interact with the wind and way be
reabsorbed into windsea if the wind stiffens.

The hindcasts were generally good, especially since the model was not
calibrated for the North Pacific. The four major conclusions of this study
are: (1) better swell propagation schemes must be devised for hybrid models
if they are to be applied to very large regions in which the earth's
curvature 1is significant; (2) the modelled area was not large enough to
capture the initial stages of swell generating storms; (3) the model
consistently under predicts the very low frequency part of the wave spectrum
{periods exceeding 15 seconds) . In addition, two major flaws were found in
the model formulation and should be corrected. An important term in the
energy balance egquation due to a turning wind was missed, and advection in
the Phillips parameter balance equation is underestimated by about 40%.

A CASE STUDY OF SOME AGEOSTROPHIC WIND EFFECTS ASSOCIATED WITH A MODERATELY
DEEPENING AND FAST MOVING LOW
K. H. Kirkwood, Newfoundland Weather Centre, P. 0. Box 370, Gander, NF, AlV 1W7

This case study examines some ageostrophic wind effects associated with a
deepening low pressure system that moved northwards across Western Newfoundland
on January 24-25, 1987. In the wake of this system a brief period of storm-
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An analysis and discussion of surface and upper air characteristics is presented,
including reports from climatological stations, weather radar facsimile output,
satellite imagery and rawinsonde reports from St. John's at 3 and 6 hour
intervals. An empirical technique wusing thickness values for predicting
precipitation type is evaluated utilizing in particular the extra rawinsonde
reports.

DOPPLER RADAR DETECTION OF SEVERE WEATHER IN SOUTHERN ONTARIO
P.0. Joe* and C.L. Crozier, ARPP, Atmospheric Environment Service, 4905 Dufferin
Street, Toronto, Ontario, M3H 5Té4

Several severe weather events have passed within Doppler range of the King
City radar (WKR). These include the tornadic events of 5 September 1985 near
Lindsay, Ontario and 10 June 1986 near Minden, Ontarlo. The latter tornado
was outside of Doppler range but other associated significant severe weather
characteristics were observed on that day.

The detection of these events and others by Doppler radar will be examined.
Detection techniques include velocity-azimuth displays (VAD), multi-moment
displays, azimuthal shear track map and time evolution of azimuthal shear
graphics. The recognition technique is based on the detection and identification
of the mesocyclone since the tornado vortex is usually too small to be observed
by Doppler radar.

Results show that the mesocyclone indeed can be detectable on Doppler radar
well in advance (at least 20 minutes) of the time of the damage by the tornado.
However, not all mesocyclones produce tornadoes (for example, the Oakville
storm on the 7 July 1986). Azimuthal shear values often exceed 10 ms™! km™!
without any confirming observation of tornadoes. Violent tornadoes have been
found to occur with shear values greater than this value by the National
Severe Storms Laboratory (NSSL). These results show that severe weather in
southern Ontario is quite different from that found elsewhere say in the U.S.
midwest severe storm area,

THE CO-EXISTENCE OF SPONGY AND GLAZE ICE ON HEAT CONDUCTING OBJECTS
K. Szilder and E.P. Lozowski i
Division of Meteorology, Department of Geography
University of Alberta, Edmonton, AB T6G 2H4

A one-dimensional model of the accretion and internal freezing of
spongy ice in a conducting object has been developed. Non-stationary heat
balance equations have been written for each of the three layers - the spongy
layer, the glaze (completely frozen) layer, and the conducting substrate. By
solving this set of differential equations numerically, the rate of advance
of the growth front and of the freezing front can be determined. The in-
fluence of both the substrate material and the environmental conditions has
been evaluated. The conditions under which spongy and glaze ice can co-exist
have also been estimated.
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SESSION 7C BIOLOGICAL/PHYSICAL INTERACTIONS IN THE OCEAN
Thurs, 1330-1515

Chairperson G. Evans, Northwest Atlantic Fisheries Centre Rm M2025

TIME SCALES, SPACE SCALES AND FISH SCALES: VISCOUS VORTICES AND VOLUTED VIVARIA
Bowman, M. J., and R. K. Cowen, Marine Sciences Research Center, State University
of New York

For certain species of fish and crustacea, coastal eddies which are relatively
fixed in location and persistence can play a crucial role in the survival of
pelagic eggs and/or larvae and the recruitment success to suitable habitats of
a given year class. Specifically two situations are discussed. (i) Trapped
eddies in island wakes. We examine how eddies may entrain and transport
passive larvae near tropical islands and how these eddies may be crucial to
the return of the larvae to those islands where no upstream source of larvae
may exist, A number of dynamical scenarios of trapped and shedding wakes are
investigated as to their possible roles in the transport of larval fish te
coastal habitats. (ii) Non-linear residual eddies in wide coastal sea straits.
We report on recent results into the dynamics of the "Rose Spit eddy" in
eastern Dixon Entrance, B. C., and suggest that its properties and estimated
rotation period (~100 days) are important to the recruitment success of Cancer
magister (Dungeness crab) in the regionm.

ASSOCIATION OF PRIMARY PRODUCTION AND RECRUITMENT IN SUBARCTIC ECOSYSTEMS: THE
APPRISE PROGRAM

Paul K. Bienfang, Ph.D. Oceanic Institute, Makapuu Point, Waimanalo, Hawaii
96795

The goal of the APPRISE program is development of a predictive capability for
larval recruitment which may be applicable to more extensive, less accessible
fisheries areas. APPRISE is multidisciplinary, the better to achieve its objec~
tive of identifying relationships between environmental factors, primary and
secondary production and the recruitment success of selected larval fish and
shellfish. The research components of the participating institutions (Oceanic
Institute, Hawaii; University of Alaska, Juneau; and University of Alaska,
Fairbanks) stem from the hypothesis that interannual variability of recruitment
potential of larval fish and shellfish is related to variability of primary
production and subsequent secondary production during the spring bloom. The
oceanographic component describes the sequence of planktonic variations which
represent changing levels of food availability hypothesized by APPRISE to
influence recruitment. Two consecutive years of fieldwork in Auke Bay, a semi-
enclosed embayment in southeastern Alaska, have been analyzed. In both 1985 and
1986, the Auke Bay environment behaved as a light-limited system wherein the
bloom was initiated in response to increased irradiance., Both years showed
similar temporal patterns of chlorophyll biomass during the primary bloom.
Photosynthetic-irradiance curves indicated the onset and duration of both
primary and secondary blooms. Approximately 20Z of organic material produced in
the primary bloom sank out as intact cells, 6% during the secondary bloom. Both
the 1985 and 1986 data show interannual variation in availability of the organic
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DYNAMIC MODELLING OF ICEBERG DRIFT USING CURRENT PROFILES
Stuart D. Smith and Norman R. Donaldson, Department of Fisheries and Oceans,
Bedford Institute of Oceanography, P.0. Box 1006, Dartmouth, N.S. B2Y 4A2

Dynamic models of iceberg drift tracks require as input the currents and winds
which drive the iceberg motion, but in the past it has not been possible to
obtain adequate data on currents. Three cruises of CSS Dawson have collected
data for the testing and development of a dynamic iceberg drift model, with
current profiles continuously monitored by a hull-mounted acoustic doppler
current profiler, usually within 1 to 2 km range of an iceberg. Winds were
measured by a propellor anemometer on a bow mast. The iceberg tracks were
logged by radar ranges and bearings, while the ship was positioned by LORAN C.
Sonar profiles and photographs were analyzed to estimate the mass and the
cross-sectional areas in air and in water.

The 14 tracks of 9 icebergs reported have been compiled at 10 min
intervals for periods of 12 hours to 3 days. A dynamic model with quadratic
air and water drag, Coriolis, and pressure gradient forces reproduces the
tracks of nearby icebergs (mean range Y4 km) with an average rms position
error of only 5% of the distance travelled. Errors are larger for more
distant icebergs for which the measured currents are less representative.

SHORT TERM PREDICTABILITY OF ICEBERG PATHS
Sylvain de Margerie

P.0. Box 2025

Dartmouth East

Nova Scotia

B2W 3X8

The necessity for iceberg avoidance and control for drill ship
operations in Eastern Canadian waters poses a unique requirement for
real time oceanographic forecasting. Early attempts at short term
Iceberg trajectory forecasting were based on a deterministic
consideration of iceberg motion. These have largely failed as
operatjonal tools because they basically neglect the stochastic nature
of large scale oceanographic turbulence which largely drives iceberg
drift. We have taken an approach recently proposed by several authors
which combines deterministic and probabilistic approaches to the
problem. An ald for operational decision making was developed for the
Grand Banks using these techniques. This micro-computer based tool
assesses the risk of impact of a rig by an iceberg as a function of
time, and as such, provides a rational basis for decision making, as
opposed to the usual prediction of a single trajectory which can
represent only one of the paths the iceberg could follow.

The implementation of this technique required extensive analysis and
interpretation of iceberg and oceanographic data in order to
characterize the statistical properties of the flow field and iceberg
drift. Iceberg data from the 1984 and 1985 seasons on the Grand Banks
were analysed for correlation with wind and tides. With these
components removed. the spatial distribution of mean drift and flow
variance were evaluated, and compared well with estimates obtained from
other sources (satellite drifters, currents meters, etc.). This
analysis shows that a large portion of iceberg motion (over 50% of the
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A field program carried out within the context of the present study
has demonstrated the functionality of the hot wire cutting method.
Based on the results of this program, the design for a fully
operational full scale version of an iceberg cutting system has
been outlined. This hot wire fracturing method is judged
appropriate for serious consideration in developing iceberg
management strategies for Canada's East Coast oilfields.

THE DEGRADATION AND INFILLING OF ICEBERG SCOURS

$.}H. Davidson, P.Eng., Dr. J.V. Barrie and Dr. C.F.M. Lewis
P.0. Box 2025

Dartmouth FEast, Nova Scotia

B2W 3X8

Icebergs pose one of the major environmental threats to the safety
of hydrocarbon production facilities in many areas of the Canadian
offshore. TIcebergs can severely damage both surface structures
through direct impact and bottom facilities such as pipelines
through the effects of icebergs scouring the seafloor. Thus, the
frequency of iceberg scouring is an important parameter in risk
analysis and design of bottom structures.

Analysis of seabed morphology has the potential to provide a
historical record of variations in the frequency of iceberg
scouring events. Seismic records provide information on the
spatial characteristics of iceberg scours but do not indicate the
age of scours or the rate of scour occurrence. Calculation of the
rate of degradation of scours may assist in assessing the time
scales of scour formation and degradation.

This paper presents the results of a project with two goals:

{1) to identify the major mechanisms leading to degradation and
infilling of iceberg scours through review of existing data
including seismic records and video records from submersible
dives, and {2) to develop a methodology for numerically predicting
the rates of degradation and infilling. Study results may alsoc be
applicable to man-made seabed depressions including pipeline
trenches and dredged navigation channels.
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surface. Bursts of internal wive energy are highly intermittent with peak
ampiitudes of order 0.2 ms-i. In the deeper waters, the inertial
oscillations are highly coherent (}§2>0.8) both horizontally over the scale
of the array (0 100 km), and vertically over the full depth (0 100-150
m).  Horizontal wavelengths are of order 200 km with cross- isobath
propagation while vertical wavelengths are comparable to the Toi:al depth.
At the 150 m, upward phase propagation at rates of 2-3x10-3 ms-l is found
throughout the water column, while the timing of {inertial energy bursts at
different depths is used to infer downward energy propagation at 0.5-1.0x10
ms -1, Inshore from the 100 m isobath, inertial energy densities and
coherences fall rapidly.

Simple models for the generation, propagation and decay of inertial
waves will be explored in an effort to interpret these observations.

RESPONSE OF THE SCOTIAN SHELF TO LOCAL METEOROLOGICAL FORCING -
PRELIMINARY OBSERVATIONS FROM CASP

Franklin B. Schwing, Department of Oceanography, Dalhousie University, Halifax, Nova
Scotia B3H 4J1 Canada

Carl Anderson, Bedford Institute of Oceanography, P.O. Box 1006 Dartmouth, Nova Scotia
B2Y 4A2 Canada

Oceanic response of the. Scotian Shelf to meteorological forcing occurs on synoptic and
mesoscale spatial scales. However variability between and within storm systems results
in an uncertain shelf response. Observations made during the Canadian Atlantic Storms
Program (CASP) provide an opportunity to determine variations in this response.

Data obtained during the CASP measurement program (December 1985-March 1986)
are applied to a frequency-dependent multiple regression model to estimate the transfer
functions between atmospheric forcing and several oceanographic parameters at subtidal
frequencies. The model uses the two components of Sable Island wind stress along with
atmospheric pressure from three sites on the Nova Scotia mainland as independent vari-
ables. Oceanographic components modelled include coastal sea level, subsurface pressure,
alongshore and cross-shore current, temperature, and salinity.

The transfer functions determined by the model are used to recreate oceanographic time
series based on forcing contributed by representative winter cyclones observed during CASP.
These series are compared to observations to determine which parameters of a moving
system influence shelf variability. Results from these comparisons will also be used to verify
conditions under which quasi-steady (w/f = 0) and frequency-dependent analytical models
are appropriate for winter conditions on the Scotian Shelf.

LAGRANGIAN DRIFTER DEPLOYMENT DURING CASP
R. lIan Dempsey*, Dr. D. J. Lawrence, *Seismic Limited, 1378 Bedford Highway,
Bedford, Nova Scotia, B4A 1E2

An innovative design concept was used in the construction of a number of
Lagrangian Drifters deployed during the Canadian Atlantic Storm Project (CASP).
This paper reviews some of the detalls concerning their deployment and performance
during these experiments. Future analysis work will be covered, including
comparison with CASP H. F. radar measurements of ocean surface currents.
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accuracy to meet the requirements indicated by the analysis. In this paper we
propose that matched field analysis can be used to easily predict field sensiti-
vity to a given parameter for a time-harmonic source at a specified frequency
and in addition can be used to refine measured estimates of that parameter to
the desired level of accuracy. To judge sensitivity a family of predictions is
generated by means of an appropriate acoustic model (such as normal mode or FFP)
corresponding to a range of values for the parameter of interest. Then, these
component fields are cross-correlated to generate ambiguity surfaces which indicate
source location. When the mismatch is sufficiently strong to incorrectly locate
the source we conclude that the parameter must be measured more accurately than
the range considered. If experimental data is available but the parameter is not
known to the desired degree of accuracy, then the data can be cross-correlated
with model predictions until the source has been correctly located and signal
power is maximum for a particular value of the parameter. We conclude that
matched field processing can be a valuable tool in “measuring” and/or refining
those oceanographic parameters which impact on acoustic propagation.

EXPLICIT POINT-TO-POINT RAYPATHS FOR VELOCITY PROFILES WITH RAMP SEGMENTS AND
GRADIENT REVERSALS

William J. Vetter, Faculty of Engineering, Memorial University,

St. John's, NL, Canada, AlB 3X5

A velocity profile in the ocean can usually be well approximated by one or
two or a few non-discontinuous ramp velocity segments, these having often
differently signed gradients. For each such ramp velocity segment the
raypaths are circular arcs, individual rays being further qualified by ray
parameter value or ray departure angle at the source. When a ray is to pass
through some desired ray arrival point, such specification has not been
expressible through an analytical expression for the ray parameter, but
rather, it has been accommodated through interpolation between p-indexed
rays, or through iterative correction of ray parameter in raytracing
methods.

A novel parametrization of the ramp profile and rays for specified source and
arrival points leads to éxplicit expressions for the ray parameter and for
raytime of such 'arrival point targeted rays' as follows:
coordinates/velocities (xl'zl'vl); (KZIzznvz);
vy =V g(zz-—zl)

velocity contrast factor q = (vg = v}/ (vy + v;);
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For media with two or three ramp segments and horizontal reflecting
boundaries the above and ancillary expressions can be combined with the ray
geometric constraints at segment junction 'interfaces' and at the reflecting
boundaries to give low order polynominal equations for the x-coordinates of
ray segment transitions. The root solutions of these allow then again
construction of the 'arrival point targeted rays' and direct evaluations of
raytime by segments, without the need for raytracing.

COMPARISONS OF NUMERICAL MODEL RESULTS AND ACOUSTIC BACKSCATTER OBSERVATIONS
OF A SUBMARINE SPRING PLUME

E. B. Colbourne and A. E. Hay, Department of Physics, Memorial University of
Newfoundland, St. John's, Newfoundland, AlB 3X7

The results of our latest investigations of the submarine spring in Cambridge
Fiord, Baffin Island, are presented. The buoyant plume of fresh water rising
from the spring was mapped using a Ross Laboratories 192 kHz acoustic sounder
and a microwave positioning system. CTD profiles and acoustic backscatter
data were acquired at different spatial positions relative to the plume axis.
In addition, visual observations together with CTD and current measurements
were made at the vent location 47 m below the surface using the submersible,
PISCES IV. The initial geometry and water properties of the flow at the vent
together with the ambient stratification are used as inputs to a standard
numerical buoyant plume model. The numerical results, which include maximum
height of rise, plume widths as a function of height and vertical velocity
profiles, are compared to the measured spatial characteristics and vertical
velocities obtained in part from digitally enhanced acoustic images of the
plume. The maximum height of rise calculated by the model is within the
range determined from the acoustic images. The experimentally determined
plume widths are within approximately 20 percent of those calculated
numerically, Although the vertical velocities predicted by the model are of
the same order as those inferred from the acoustic images, there are
discrepancies between the predicted and observed variation of velocity with
height.

CONTRIBUTION OF OFF-PATCH SCATTER IN RADAR RETURN FROM THE OCEAN SURFACE

R.S. Srivastava, $.K. Srivastava and J, Walsh
Faculty of Engineering and Applied Science, Memorial University of
Newfoundland, St. John's, Newfoundland, Canada, AlB 3X5

In recent years, there has been a great deal of interest in remote sensing
of ocean surface parameters (e.g., significant waveheight and directional
waveheight spectrum) using ground-wave Doppler radars. To extract these
information from radar data, the model presently used for the second-order
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permafrost in the region., Snowcover is an important factor in
the distribution of permafrost since it insulates the ground
from cold in winter and from warmth in summer.

This research was completed to determine shallow ground
temperatures under various vegetation and slopes during the
critical period of high sun and rapid warming in the alpine
region. Ground temperature measurements were made using
bimetallic thermometer probes and an electronic data-logger.
Mean air temperature at 1200 m was 8.7%¢ during the study
period.

Only small differences (<1°C) in ground temperature at 40 cm
depth were found among various slope aspects. This is due to
the cloudy climate and gentle slopes._ Ground temperature at
40 cm depth on the level summit was 4°¢c. Large differences in
temperature were found between tundra soils and soils under
krummholz {stunted trees) below treeline. Tundra soils, which
are swept bare of snow by winda and therefore warm quickly in
spring, ranged from 6° to 13°C at 2 cm depth over a 3-day
period. Ground temperature under krummholz near the treeline
ranged from 1 C to 2 C and frozen ground was common within

10 c¢cm of the surface.

Krummholz shades the surface, reduces wind movement, and
accumulates deep snow during the winter and spring. These
factors cause slower thaw and cooler summer ground temperatures
compared to the higher tundra and wmay contribute to permafrost
development below treeline,

AES EXPERIMENTAL MONTHLY AND SEASONAL FORECASTS
P. Scholefield, A. Shabbar and A. Caillet

Canadian Climate Centre/CCRM
Atmospheric Environment Service
4905 Dufferin Screet

Downsview, Ontario

M3H 5T4

In March 1985, the Atmospheric Environment Service of Canada began issuing
experimental monthly and seasonal forecasts. The forecasts are based mainty
on regression statistics developed on nearly 40 years of 50 kPa geopotential
height (gph) data, supplemented by analog techniques and numerical weather
prediction guidance to day 10 from several national weather centres.

The basic forecast product is a subjective prognostic 50 kPa gph hemispheric
anomaly field from which temperature and precipitation forecasts are derived
for Canada. Regression specification equations are used to obtain the surface
temperature patterns. The forecasts are expressed in map form in two classes,
above and below normal for temperatures and above and below median for
precipitation. The forecaster's confidence of the occurrence of these two
classes is expressed in terms of probabiliries.
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system to transmit the data, in a relatively short time after it is taken, and
a system to receive the data at another location. A real-time model system is
an enhancement of this that can be used to extend the value of the data in
conjunction with hydrodynamic considerations, into a predictive model of
operation, The National Oceanic and Atmospheric Administration, Office of
Oceanography and Marine Assessment, has developed several real-time modelling
systems in coastal and estuarine areas along the U.S. Coastline. Recent
projects in the Delaware Bay and River and Charleston Harbor will be reviewed.
The aspects of Remote Acoustic Doppler Sensing (RADS) and real-time tide gages
will be explored as they relate to supplying the basic data for model generation
as well as quality control and assurance. Examples of new data acquisition
and display programs will illustrate the economics and efficiency of this
system for use in areas of circulation prediction, o¢il and hazardous material
clean up, maritime navigation, and environmental management.

3D TIDAL MODELLING OF CUMBERLAND BASIN
Svivain de Margeric¢ and Dave DeWolfe
P.0, Box 2025

Dartmouth East

Nova Scotia

n2w 3X8

The possibility of harnessing tidal energy in the Bay of Fundy for
electric power production has long been considered. Recently,
Cumberland Basin. at the head of the bay, has been identified as the
most likely candidate for initial implementation of a large scale power
production system. In preparation for cnvironmental impact
assessments, as well as for operational considerations, it is necessary
to identify the details of the basin's hydrodynamic regime under
natural conditions and as modified by the operation of a tidal barrage.
For this purpose a hydrodynamic numerical model is used. In view of
the important roie of the vertical velocity structure in dispersion
processes and sediment transport in Cumberland Basin, a three
dimensional representation of the flow field is used. The model uses a
fine grid (400m) for the horizontal space dimensions. with a
continuous representation of the vertical using a superposition of
l.egendre polynomials. Simulations for natural conditions are
undertaken for the M2 tidal constituent as well as over a fortnightly
cycie. Computed bottom stress distributions for natural conditions are
relatively uniform, indicating that the basin may have reached an
equilibrium configuration with respect to the bottom materials
available in the area Simulations of a tidal barrage operation for
Lthe M2 tide show drastic modifications of the residual circulation
patterns as well as the bottom stress distribution. Although this
would tend to favour siltation of the upper reaches of Cumberland
Basin, definite predirtions on the impacts of tidali power exploitation
cannot be based on a consideration of the hydrodynamic regime alone,
and will require further studies for which the present results offer a
strong basis.
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INTERNAL TIDE GENERATICON AT THE HEAD OF THE LAURENTIAN CHANNEL
Y. Gratton and F. Saucier, Département d'Oc&anographie, UQAR, Rimouski,
QC, Canada, GSL 3Al

We discuss the interaction between the barotropic and first baroclinic waves
of tidal frequencies over a rapidly shoaling region, when the topographic
length scale is of the same order of magnitude as the internal Rossby defor-
mation radius (~ 10 km). A simple linear, two-layer model is used to gene-
rate the internal tides observed in the St.Lawrence middle and lower estuary.

TIDAL STRESS ; A GENERATING MECHANISM FORR
MESO-SCALE EDDIES IN DIXON ENTRANCE.
Visser, A.W. and Bowman, M.J., Marine Sciences Research Center,
State University of New York at Stony Brook, Stony Brook NY 11794,
USA, and Crawford, W.R., Institute of Ocean Sciences, PO Box 6000,
Sidney, B.C., V8L 4B2 Canada.

We investigate the tidal residual circulation generated by non-linear tidal in-
teractions within wide coastal channels with large along-channel bathymetric
variations. We utilise a parameterisation of the non-linear tidal interactions
as Tidal Stress. This approach essentially decomposes the non-linear problem
into two coupled linear problems so that the causal relationships governing the
generation and dynamics of tidal residual currents may be more easily inves-
tigated. Non-linearities associated with advection of momentum (or vorticity)
modulated by spatially varying friction are particularly important in regions
of strong topography and lead to residual current - tidal current interactions.
The method is extended to investigate the effects of stratification on surface
intensification of the residual circulation.

. Results indicate that such effects together with coastal boundary constraints
may induce recirculations of the residual current of a scale much larger than the
tidal excursion or the region of generation. These general results are compared
with observations of a robust meso-scale eddy found in Dixon Entrance, British
Columbia, and show that the observed eddy motion is consistent (in scale,
location and sense of rotation) with tidal residual current generation over strong
topograpy.

ON TOPOGRAPHIC RECTIFICATION OF TIDAL CURRENTS NEAR THE ENTRANCE OF THE ST.
LAWRENCE ESTUARY

V.G. KOUTITONSKY and R.E. WILSON

INRS-Océanologie, 310 avenue des Ursulines, Rimouski, (Québec), G5L 3Al

Infrared satellite imagery and previous circulation studies in the lower St.
Lawrence estuary have revealed an anticyclonic structure in the subtidal
motion there, and flow separation from the north shore at the entrance. On
the other hand, bottom topography in the region exhibits an isolated
underwater mount offshore Manicouagan river mouth. A three-dimensional
circulation model was developped for the region in order to study the role of















JOB ADVERTISEMERTS

ATMOSPHERIC SCIENCE

Dalhousie University

The Atmospheric Environment Service and Dalhousie University are
submitting to the Natural Sciences and Engineering Research council a
proposal for the establishment of a centre of excellence and graduate
programs in atmospheric science. It 1s envisaged that there will be
four tenure-track positions, one senior and one junior in each of the
two general areas of climate research and marine meteorology.

Further information on the positions and on existing teaching
and research programs at Dalhousie, Bedford Institute of Oceanography
and AES, Bedford may be obtained from Dr. C. Garrett, Department of
Oceanography, Dalhousie University, Halifax, NS, B3H 4J1, Canada, to
whom applications for both senlor and junior positions should be sent.

In accordance with Canadian Immigration requirements, this
advertisement is directed to Canadian citizens and permanent residents.
With respect to the employment of women faculty, Dalhousie University
is an affirmative action employer.
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