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Room/Salle: Auditorium [3ePB] Wednesday/Mercredi
PUBLIC

PUBLIQUE
Chair/Président: Paul LeBlond

[3¢PB1] The Little Ice Age in Canada

Campbell ID <icampbell@nofc.forestry.ca>
Canadian Forest Service, 5320-122 St. Edmonton, AB, T6H 355, Canada

The Little Ice Age (AD 1450 - 1850) was a period of cooler and moister climate around the world. In Europe, it
affected harvests and caused advances of alpine glaciers. Because it started before recorded history in Canada,
we have little information on its effects here. Archaeology, fossil pollen analysis, studies of glaciers and old
tree-stumps give us some clues. Irish and Norse exploration of the New World, which flourished during the
preceding Medieval Warm Period, was cut short by the Little Ice Age. In southern Ontario, the cooling may
have killed beech forests, allowing the southwards expansion of the boreal forest. The aboriginals of the region,
who were dependant on maize, beans, and squash, suffered from the reduced growing season. In the western
cordillera, mountain glaciers advanced down-valley to their greatest extents in 10,000 years. At the same time,
the tree-line receded downhill. In the prairies, where drought is a greater stress than the cold, previously dry
lakes filled and streams ran faster. Further north, permafrost formed in peatlands, creating raised islands which
were colonized by trees; these are now melting and the trees are dying.

Room/Salle: Multi-purpose Room [4aPL) Thursday/Jeudi
PLENARY

ASSEMBLEE PLENIERE
Chair/Président: Phil Austin

[4aPL1] Effects of Climatic Warming on the Physics, Chemistry and Biology of Fresh-
water Lakes

Schindler DW <schindler@odum.biology.ualberta.ca>
Department of Biological Sciences, University of Alberta, Edmonton, Alberta, T6G 2E9

Lakes and streams in the Experimental Lakes Area, northwestern Ontario, were monitored for a broad suite of
physical,chemical, hydrological and biological properties during the 1970's and 1980’s, a period when climate
in the area warmed by 2 degrees C. and precipitation declined to half of long-term averages.

Small lakes became clearer and thermoclines became deeper, due to a number of factors, including: (1) increased
wind exposure caused by increasing forest fires in the lake basins; (2) decreased inputs of dissolved organic matter
(DOM) from terrestrial catchments, caused by decreased soil moisture and increased oxidation of organic matter
in soils, and (3) greater in-lake removal of DOM by microbial, chemical and photochemical processes

Geochemical weathering of mineral soils and bedrock declined, but yields of base cations from burned vegetation
and sulfate from drying organic soils caused major shifts in ionic ratios of lakes and streams. The combination of
climatic effects on physical, chemical and biological processes in Iakes and their catchments caused some streams
to become more acidic, while lakes became more alkaline, and lakes to become increasingly phosphorus-limited

The combination of physical and chemical changes caused declining summer habitats for cold stenothermic and
UV-sensitive organisms.
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[4aPL2] Low Frequency Variability in the Arctic Atmosphere/Sea Ice/Ocean Climate
System

Battisti DS!, Bitz CM!, Moritz RE?, and Beesley JA! <david@atmos.washington.edu>

'Dept. of Atmospheric Sciences AK-40, Univ. of Washington, Seattle WA 98195 USA
? Applied Physics Laboratory, Univ. of Washington, Seattle WA 98195 USA

The low frequency natural variability of the arctic climate system is modeled using a single-column, energy
balance model of the atmosphere/sea 1cefocean system. Variability in the system 1s induced by forcing with
realistic, random perturbations in the atmospheric energy flux convergence and cloudiness. The model predicts
that the volume of perennial sea ice varies predominantly on multi-decadal time scales while other arctic climate
variables vary mostly on intraannual and interannual tirne scales. The total simulated sea ice volume variance
is most sensitive to perturbations of the atmospheric forcing in late spring, at the onset of melt. The variance in
sea ice volume increases as the mean sea ice thickness increases and as the number of layers resolved in the sea
ice model increases. This suggests that much of the simulated variance develops when the surface temperature is
able to decouple from the sea ice interior during the late spring, when melting snow abruptly exposes the sea ice
surface and changes the surface albedo. The mintmum model requirements to accurately simulate the natural
variability in the arctic climate are 1dentified. The implications of the low frequency, natural variability in sea
ice volume for detecting a climate change are discussed. Finally, calculations suggest that the variability in the
thermodynamic forcing of the polar cap could lead to a freshening in the North Atlantic that is comparable to
the freshening associated with the Great Salinity Anomaly.

Room/Salle: Arts 116 [4bAR] Thursday/Jeudi
SEA ICE AND ARCTIC STUDIES 1

GLACES DE MER ET ETUDES DE L’ARCTIQUE 1
Chair/Président: Paul LeBlond

[4bAR1] The Sea-ice Budget of the Arctic: Models and Observations

Flato GM <gflato@uvic.bc.doe.ca>
Canadian Centre for Climate Modelling and Analysis, Atmospheric Environment Service, University of Victoria
P.O. Box 1700, MS 3339, Victona, BC, V8W 2Y?2

Variability in the Arctic sea-ice budget (ice volume, growth/melt, and outflow) are studied using a multi-
category dynamic-thermodynamic sea ice model forced with observed wind and air temperature fields over
the period 1951-1990. After a very briefl description of the model and forcing data, time series of various ice
budget quantities will be examined and compared to observations where available. Emphasis will be placed on
vanability at interannual and longer time scales and on the supply of fresh water, via ice transport, from the
Arctie into the Greenland Sea. Since the model simulates the evolution of the entire thickness distribution, we
can also compare the behaviour of thick and thin ice. We find that time scales associated with ice less than 1m
thick are short (on the order of a month or two), owing to open water formation and ridging destruction during
synoptic storm events. On the other hand, the several year time scales associated with thick ice (> 5m), which
accounts for nearly half of the ice volume 1n the central Arctic, result from slow net melt over each annual cycle
and export through Fram Strait.

[4bAR2] Observed and Modelled Interannual Variability in Landfast Sea-ice

Brown RB!, and Flato GM? <gflato@uvic.bc.doe.ca>

' Atmospheric Environment Service, 2121 Trans Canada Hwy., Dorval, PQ, H9P 1J3
2Canadian Centre for Climate Modelling and Analysis, Atmospheric Environment Sexvice, University of Victoria
P.O. Box 1700, MS 3339, Victoria, BC, V8W 2Y2

A one-dimensional thermodynamic sea-ice model is developed and used to perform multi-year simulations of
land-fast sea-ice and its snow cover. The model solves the transient heat conduction equation using a finite
difference method, an arbitrary number of horizontal ice layers and one snow layer. Parameterizations of
conductivity and surface albedo are based on observations. Bulk boundary layer formulae are used to convert
standard meteorological observations into surface fluxes, and an oceanic mixed layer is included to allow heat
storage during ice-free summer months. The model is applied to two locations in the Canadian high Arctic:
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The description of the technique is presented along with its application to simulated and archived data through
the provision of selected examples.

Room/Salle: Auditorium [5bFD] Thursday/Jeudi
GEOPHYSICAL FLUID DYNAMICS 3

DYNAMIQUE GEOPHYSIQUE DES FLUIDES 3
Chair/Président: Paul LeBlond

[5bFD1] The slow manifold and initialization for the shallow water equations on f-plane

Medvedev SB <medvedev@srv.ict.nsk.su>
Inst. of Computational Technologies, Ac. Lavrent’ev ave., 6, Novosibirsk, 630090, Russia

Functional equations of the slow manifold are obtained for the shallow water equations on f-plane. These
equations are solved by iteration method on powers of nonlinearties. Lying on the slow manifold initial data
evolve on this manifold during all time and will not generate solutions with frequency of inertial-gravity waves.
The evolution equation on the slow manifold is obtained. The slow manifold and the motion equation on it are
constructed for the shallow water equations with discrete time. Knowledge of exact differential equations for
the slow manifold allows to solve the problem of initialization in a new way and to take into account property
of the difference scheme for the time.

[5bFD2] Beyond (g’h)%, the speed of gravity currents in a rotating frame

Allen M <mallen@ocgy.ubc.ca>
Dept. of Oceanography, UBC, Vancouver, B.C., V6R 174

The velocity of the head of a buoyancy driven gravity current has been measured in the laboratory by previous
researchers and found to depend linearly on the baroclinic wave speed. This relationship has been re-investigated
in the laboratory by measuring the velocity of the head of a surface gravity current for a wide range of initial
parameters. The velocity, up, was found to depend on the ratio between the Coriolis parameter, f, and the
stratification, N, as well as the baroclinic wave speed, c:

u;\r:c(l-bﬁ—)

where b is a non-dimensional coefficient.

This relationship can be predicted by scaling the shallow water equations. The theoretical technique allows the
laboratory results to be scaled to field situations to give

uN = c(l —-b;,{.-a)

where « is the flow aspect ratio.

[5bFD3] In search of Holmboe’s instability

Lawrence GA!, Zhu Z!, and Haigh SP? <lawrence@civil.ubc.ca>

! Dept. of Civil Engineering, University of British Columbia, Vancouver, BC V6T 1Z4
?Dept. of Mathematics, University of British Columbia, Vancouver, BC V6T 1Z2

Holmboe (Geofys. Publ., 24, 1962) investigated the stability of stratified shear flows with a density interface that
is much thinner than the velocity interface. For a range of Richardson numbers he predicted the existence of two
trains of internal waves of equal strength that travel at the same speed, but in opposite directions with respect
to the mean flow. Unfortunately, there have been few experimental observations of the Holmboe instability.
We hypothesize that this is because in experiments performed in mixing layer channels the effect of unequal
boundary layers on either side of the splitter plate is to generate a flow in which the centers of the velocity and
density profiles are displaced vertically from each other. It is shown theoretically that this lack of symmetry
inhibits the formation of the Holmboe instability. The results of recent experiments in a facility that eliminates
this profile asymmetry will be presented. These experiments provide the best realisations of the Holmboe
mstability to date. We have also examined the non-linear evolution of both symmetric and non-symmetric
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generalized seamount is formulated with a weakly nonlinear solution, the results of which are compared to
those of a finite element numerical model. The weakly nonlinear formulation gives an upper limit for residual
velocities and indicates that these velocities are proportional to the aspect ratio of the scamount. Furthermore,
the approach shows that the presence of bottom friction is necessary for significant residual velocities to occur.

[SbPE3] A 3-D diagnostic model of the Labrador and Newfoundland and shelves

Tang CL, and Gui Q
Bedford Institute of Oceanography, Dartmouth, N.S., B2Y 4A2

A diagnostic model has been developed to study the mean circulation and wind driven currents in the Labrador
Sea and the Labrador and Newfoundland shelves. The model domain is a rectangle encompasssing the Labrador
Sea and the Grand Bank. The grid size 1s 20 km. Seasonal mean density density with a resolution of 1/6 degree
compiled by DeYoung et al. (1994) are used to compute the pressure gradient terms in the momentum equations.
The currents are forced by wind, atmospheric pressure and sea surface elevation at the northern boundary. For
the mean circulation, the northern sea level is tuned to produce a 35 Sv transport across the Hamilton Bank
section. Superimposed on the mean circulation are wind driven currents, which consist of a gradient current
and an Ekman flow. Different types of wind forcing including storms are used to run the model. The results
are analyzed to study various aspects of sea surface elevation, coastal currents, continental shelf waves, and
baroclinc effects.

[5SbPE4] Seasonal Baroclinic Circulation in the Scotia-Maine and Grand Banks Regions

Hannah CG!, Greenberg DA?, Loder JW?, and Xu Z2 <channah@emerald.bio.dfo.ca>

'Oceadyne Environmental, 313 Ridgevale Dr., Bedford, NS, B4A 3M2
2Department of Fisheries and Oceans, Bedford Institute of Oceanography, Dartmouth, NS, B2Y 4A2

As part of a collaborative effort with scientists at Dartmouth College {Hanover, N.H.) and the University of
North Carolina (Chapel Hill, N.C.), three-dimensional numerical circulation models are being developed for
application to various fisheries and environmental impacts questions on the northwestern Atlantic shelf. The
models use a triangular finite-element mesh which allows a high-resolution representation of the coastline and
topography, and include forcing by tides, wind, density gradients and boundary inflows. An important compo-
nent of the model flow fields is the seasonal baroclinic circulation which we examine here using climatological
density fields obtained from a historical database, the FUNDY5 diagnostic circulation model {Naimie and Lynch
1993), and other diagnostic analyses. The major features of the baroclinic circulation in the Scotian Shelf, Gulf
of Maine and Grand Banks regions are described using density fields for selected seasons, together with obser-
vational current information. These features include large-scale throughflows, strong topographic steering with
anticyclonic (cyclonic) flow around banks (basins), year-round persistence, and a seasonal variation in intensity.
The importance of the density field estimation procedure, model boundary conditions, friction and other factors
to the model flow fields is discussed.
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