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IntroductionIntroduction

BrasBras dd’’OrOr LakesLakes

••The BrasThe Bras dd’’OrOr Lakes are situated in CapeLakes are situated in Cape
Breton Island at the northern end of NovaBreton Island at the northern end of Nova
Scotia.Scotia.

•• Surface extension of about 1,100 kmSurface extension of about 1,100 km22, with, with
maximum depths of greater than 250 m and anmaximum depths of greater than 250 m and an
averaged water depth of about 30 m.averaged water depth of about 30 m.

•• Connected to the North Atlantic Ocean thoughConnected to the North Atlantic Ocean though
three channels (Great and Little Brasthree channels (Great and Little Bras dd’’OrOr
Channels, St. PeterChannels, St. Peter’’s Canal).s Canal).

•• The Lakes are one of CanadaThe Lakes are one of Canada’’s charismatics charismatic
ecosystems, sustaining ecological and culturalecosystems, sustaining ecological and cultural
communities unique in many aspects.communities unique in many aspects.



 HaplosporidiumHaplosporidium nelsoninelsoni ((MSX, an oyster parasite)MSX, an oyster parasite)
was discovered in the Braswas discovered in the Bras dd’’OrOr Lakes in OctoberLakes in October
2000. The disease kills most of the oysters that2000. The disease kills most of the oysters that
become infected.become infected.

 High numbers of oysters died in affected areas inHigh numbers of oysters died in affected areas in
2002 and local oyster industry was severely2002 and local oyster industry was severely
disrupted.disrupted.

 The life stage of MSX is thought to be waterborne,The life stage of MSX is thought to be waterborne,
indicating the disease could be dispersed with oceanindicating the disease could be dispersed with ocean
currents over the region.currents over the region.

MSX Disease in BrasMSX Disease in Bras dd’’OrOr LakesLakes



MSXMSX BioparticlesBioparticles

HaplosporidiumHaplosporidium nelsoninelsoni in oysterin oyster
tissue:tissue:

 Plasmodia : 30Plasmodia : 30--4040MM diadia..

 NonNon--motile,motile, Not know to beNot know to be
freefree--living outside tissueliving outside tissue

 Possibility of alternative hostPossibility of alternative host

 CrassostreaCrassostrea virginicavirginica

 Spores : 8Spores : 8--1212MM diadia..

 NonNon--motile (passive),motile (passive), thought tothought to
be freebe free--livingliving

 Neutral buoyancyNeutral buoyancy ““driftersdrifters””??

(Photos courtesy R. Beresford)



 A multiA multi--disciplinary research project was funded bydisciplinary research project was funded by
AquaNetAquaNet (supported by NSERC) to(supported by NSERC) to develop tools todevelop tools to
study the biological and environmental limitationsstudy the biological and environmental limitations
of MSX infections in the Lakesof MSX infections in the Lakes..

 As part of the project, our research term is toAs part of the project, our research term is to
developdevelop a 3Da 3D baroclinicbaroclinic circulation model for thecirculation model for the
lakeslakes..

 The 3D model results will be used to study theThe 3D model results will be used to study the
hydrodynamic connectivity among cultivation siteshydrodynamic connectivity among cultivation sites
and risks of MSX spreading in the lakes.and risks of MSX spreading in the lakes.



Review of Previous Research in POReview of Previous Research in PO

 KrauelKrauel (1975)(1975) conducted a broad scale survey of theconducted a broad scale survey of the
Lakes from August 1972 to July 1974.Lakes from August 1972 to July 1974.

 GurbuttGurbutt and Petrie (1995)and Petrie (1995) described a largedescribed a large--scale featurescale feature
of horizontal and vertical water transport.of horizontal and vertical water transport.

 Petrie (1999)Petrie (1999) studied sea level variability in the Lakes.studied sea level variability in the Lakes.

 Petrie andPetrie and BugdenBugden (2002)(2002) reviewed the physicalreviewed the physical
oceanography of the Lakes (circulation, mixing, TSoceanography of the Lakes (circulation, mixing, TS
distributions, sea level & sea ice).distributions, sea level & sea ice).

 DupontDupont et al. (2003)et al. (2003) simulated the tides of the Lakes.simulated the tides of the Lakes.



Schematic presentations of nearSchematic presentations of near--surface and subsurface and sub--surfacesurface
circulations in the Brascirculations in the Bras dd’’OrOr Lakes. The line thickness isLakes. The line thickness is

proportional to the strength of the flow (Petrie andproportional to the strength of the flow (Petrie and BugdenBugden, 2002), 2002)



Previous circulation models developedPrevious circulation models developed
for the Brasfor the Bras dd’’OrOr LakesLakes

 GurbuttGurbutt and Petrie (1993)and Petrie (1993) developeddeveloped a multiple boxa multiple box
modelmodel, which consists of 2 or 3 layers in 9 different, which consists of 2 or 3 layers in 9 different
regions to estimate horizontal and vertical transportregions to estimate horizontal and vertical transport
for Lakes.for Lakes.

 Petrie(1999)Petrie(1999) developed adeveloped a 1D, cross1D, cross--sectionallysectionally
averaged modelaveraged model to study the sea level variability into study the sea level variability in
the lakes.the lakes.

 DupontDupont et al. (2003)et al. (2003) developed adeveloped a 2D finite element2D finite element
tidal modeltidal model incorporating realistic topography toincorporating realistic topography to
simulate 5 major constituents (Msimulate 5 major constituents (M22, S, S22, N, N22, K, K11, O, O11).).



Great challenges in developing a 3D modelGreat challenges in developing a 3D model
for the Brasfor the Bras dd’’OrOr LakesLakes

••Complex topographyComplex topography

••Effects of ocean tides and boundary currentsEffects of ocean tides and boundary currents
associated with air pressure perturbationsassociated with air pressure perturbations

••Buoyancy forcing associated with freshwaterBuoyancy forcing associated with freshwater
runoff from riversrunoff from rivers

••Typical 2Typical 2--layer estuarine circulationlayer estuarine circulation



Developing a nestedDeveloping a nested--grid, 3D, circulationgrid, 3D, circulation
model for the Brasmodel for the Bras dd’’OrOr LakesLakes

 As the first step toward a nestedAs the first step toward a nested--gridgrid modellingmodelling systemsystem
for the Brasfor the Bras dd’’OrOr lakes, we developed a singlelakes, we developed a single--domaindomain
circulation model, with horizontal resolution of 500 mcirculation model, with horizontal resolution of 500 m
and vertical resolution of 2 m in the top 40 m.and vertical resolution of 2 m in the top 40 m.

 The singleThe single--domain model is used as the outer model ofdomain model is used as the outer model of
the nestedthe nested--grid circulation model under thegrid circulation model under the
development.development.

 The nested model has two subcomponents: an outerThe nested model has two subcomponents: an outer
model and innermodel and inner model(smodel(s).).

 The lake circulation model is based onThe lake circulation model is based on CANDIE.CANDIE.



CANDIE: a 3D Ocean circulation modelCANDIE: a 3D Ocean circulation model

• The free-surface version of CANDIE was used in the
development, CANDIE stands for CANadian version of
Diecast (Sheng, Wright, Greatbatch and Dietrich, 1998;
Lu et al., 2001; Sheng and Wang, JGR, 2004; Wang et
al., JPO, in press).

• A three-dimensional, primitive equation, finite-
difference, z-level model.

• Uses the fourth-order numerics and flux limiter.

• Website:
www.phys.ocean.dal.ca/programs/CANDIE



Model parameterModel parameters and forcings and forcing

 Horizontal resolution: 500 mHorizontal resolution: 500 m

 Vertical resolution: 2 m in the top 40 mVertical resolution: 2 m in the top 40 m

(except for 4 m in the t(except for 4 m in the top zop z--level)level)

 SubSub--grid mixing parameterizationsgrid mixing parameterizations

SmagorinskySmagorinsky horizontal mixing scheme (1963)horizontal mixing scheme (1963)

ModifiedModified KPPKPP scheme for vertical mixingscheme for vertical mixing

 Quadratic bottom stressQuadratic bottom stress

 Model forcing:Model forcing:
1. Tidal forcing (1. Tidal forcing (MM22, S, S22, N, N22, K, K11, O, O11) at the open boundary) at the open boundary
2. Observed wind and air pressure at North Sydney airport2. Observed wind and air pressure at North Sydney airport
3. Monthly mean heat flux (climatology)3. Monthly mean heat flux (climatology)

4. Monthly mean river runoff (17 rivers)4. Monthly mean river runoff (17 rivers)



Tidal and subTidal and sub--tidal seal level variations at OBCtidal seal level variations at OBC
andand Observed wind speedsObserved wind speeds

Wind atWind at Sydney AirportSydney Airport

Sea level at OBCSea level at OBC



Outflow through theOutflow through the
channel under a highchannel under a high
air pressure systemair pressure system



uu

Inflow through theInflow through the
channel under a lowchannel under a low
air pressure systemair pressure system



uu



Observed temperature and salinity profilesObserved temperature and salinity profiles

Observed TS (May 1974)Observed TS (May 1974) Model initial TSModel initial TS



(Single(Single--Domain) Model ResultsDomain) Model Results

1.1. Process study:Process study:

•• MM22 tidal circulationtidal circulation

•• Circulation forced by steady windCirculation forced by steady wind

•• BuoyancyBuoyancy--driven circulation associateddriven circulation associated
with river runoffwith river runoff

2.2. Reconstructing circulation andReconstructing circulation and
hydrographic distributions in June and Julyhydrographic distributions in June and July
19741974



North Sydney

Sydney Airport

Nova Scotia

MM22 Tidal CirculationTidal Circulation

specify Mspecify M22





The Great Bras d’Or Channel Barra Strait



Topography of the BrasTopography of the Bras dd’’OrOr Lakes with locations of sea level gauges (Lakes with locations of sea level gauges (red dotred dot))
and current meter moorings (and current meter moorings (blue dotblue dot) (From) (From KraulKraul, 1975)., 1975).

Table Head Point (THP)Table Head Point (THP)
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Time series of surface elevations specified at THP andTime series of surface elevations specified at THP and
modeled surface elevations at Seal Island.modeled surface elevations at Seal Island.

Table Head Pt.Table Head Pt.

NonlinearNonlinear

LinearLinear



WWindind--driven circulationdriven circulation

C3C3

C5C5

C6C6



Calculated surface elevation and depthCalculated surface elevation and depth--mean currentsmean currents

Tidal forcing onlyTidal forcing only Tidal and wind forcingTidal and wind forcing



BuoyancyBuoyancy--driven circulationdriven circulation
(forced by freshwater input only)(forced by freshwater input only)

Totally 17 rivers are considered, the salinity andTotally 17 rivers are considered, the salinity and
surface elevation at each river head are specifiedsurface elevation at each river head are specified
based on :based on :
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Calculated nearCalculated near--surface and subsurface and sub--surfacesurface
salinity and currents (forced by freshwater input only)salinity and currents (forced by freshwater input only)

At 2 mAt 2 m At 9 mAt 9 m



Calculated surface Salinity and nearCalculated surface Salinity and near--surface currentssurface currents
(using tidal data at THP and freshwater runoff from rivers)(using tidal data at THP and freshwater runoff from rivers)

Tides and Freshwater inputTides and Freshwater input



Calculated nearCalculated near--surface and subsurface and sub--surfacesurface
salinity and currents in St. Patricksalinity and currents in St. Patrick’’s Channels Channel

(forced by freshwater input only)(forced by freshwater input only)

At 2 mAt 2 m At 5 mAt 5 m



Reproducing circulation and hydrographicReproducing circulation and hydrographic
structure in June and July 1974structure in June and July 1974

••Hourly observed wind at the AirportHourly observed wind at the Airport

••Tides at the north open boundary based on harmonicTides at the north open boundary based on harmonic
constant of five constituents (Mconstant of five constituents (M22, S, S22, N, N22, K, K11, and O, and O11))
estimated by Petrie (1999)estimated by Petrie (1999)

••Monthly mean river runoff from 17 riversMonthly mean river runoff from 17 rivers

••Boundary flow associated with airBoundary flow associated with air--pressure perturbationspressure perturbations

••Monthly mean surface heat flux (climatology)Monthly mean surface heat flux (climatology)

The model is forced byThe model is forced by



ModelModel--calculated nearcalculated near--surface (2 m) currents and salinities in 1974.surface (2 m) currents and salinities in 1974.



Vertical distributions of salinity andVertical distributions of salinity and
currents along centralcurrents along central BarraBarra StraitStrait

BarraBarra StraitStrait

NENE SWSW



Observed T and SObserved T and S Simulated T and SSimulated T and S

Vertical distribution of TSVertical distribution of TS

T in July 1974T in July 1974

S in July 1974S in July 1974



Comparison of observedComparison of observed
and simulated currentsand simulated currents

(preliminary model results)(preliminary model results)



DensityDensity--driven currents (without any external forcing)driven currents (without any external forcing)



Salinity and densitySalinity and density--driven currents (without external forcing)driven currents (without external forcing)



ModelModel--calculated and observed filtered depthcalculated and observed filtered depth--meanmean
currents along the channel axis ofcurrents along the channel axis of BarraBarra Strait.Strait.

Sensitivity StudySensitivity Study

Control RunControl Run

Without SubWithout Sub--tidal sea level variations at OBCtidal sea level variations at OBC



Particle MovementsParticle Movements
(based on monthly mean currents, June 1974)(based on monthly mean currents, June 1974)



3D Particle Movements3D Particle Movements
(Using instantaneous(Using instantaneous

currents in June 1974)currents in June 1974)



Particle Movements During 2 Wind EventsParticle Movements During 2 Wind Events
(based on instantaneous(based on instantaneous baroclinicbaroclinic currents, June 1974)currents, June 1974)



Retention and Dispersion of NearRetention and Dispersion of Near--Surface ParticlesSurface Particles
(based on monthly mean currents in June 1974)(based on monthly mean currents in June 1974)

WHBWHB WhyconcomaghWhyconcomagh BayBay
SPC St. PatrickSPC St. Patrick’’s Channels Channel
NB North BasinNB North Basin
GBC Great BrasGBC Great Bras dd’’OrOr ChannelChannel
SAC St. AndrewSAC St. Andrew’’s Channels Channel
DBDB DenysDenys BasinBasin
WB West BayWB West Bay
NBL Northern BrasNBL Northern Bras dd’’OrOr LakeLake
SBL Southern BrasSBL Southern Bras dd’’OrOr LakeLake
EB East BayEB East Bay

RetentionRetention

DestinationDestination

Source RegionSource Region

WHBWHBWHB

WBWB

SBLSBL

NBLNBL EBEB
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NBNBNB
SPCSPCSPC

SACSACSACGBC
GBC
GBC



Retention and Dispersion of NearRetention and Dispersion of Near--Surface ParticlesSurface Particles
(based on instantaneous currents in June 1974)(based on instantaneous currents in June 1974)

WHBWHB WhyconcomaghWhyconcomagh BayBay
SPC St. PatrickSPC St. Patrick’’s Channels Channel
NB North BasinNB North Basin
GBC Great BrasGBC Great Bras dd’’OrOr ChannelChannel
SAC St. AndrewSAC St. Andrew’’s Channels Channel
DBDB DenysDenys BasinBasin
WB West BayWB West Bay
NBL Northern BrasNBL Northern Bras dd’’OrOr LakeLake
SBL Southern BrasSBL Southern Bras dd’’OrOr LakeLake
EB East BayEB East Bay
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NBLNBL EBEB
DBDB

NBNBNB
SPCSPCSPC
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Retention and Dispersion of NearRetention and Dispersion of Near--Surface ParticlesSurface Particles
(based on instantaneous currents, June 1974)(based on instantaneous currents, June 1974)

From 160.0 DFrom 160.0 D

From 161.8 DFrom 161.8 DFrom 161.2 DFrom 161.2 D

From 160.6 DFrom 160.6 D



The Nested-Grid Model DomainThe NestedThe Nested--Grid Model DomainGrid Model Domain

Outer model
(500 m)

Outer modelOuter model
(500 m)(500 m)

Inner modelInner model

(130 m)(130 m)



The two-way nesting technique
based on the semi-prognostic method
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For the inner model:

For the outer model:

Lateral boundary conditions for the inner model:

• Sommerfield radiation condition (U,V,T,S)
• Restoring to outer model values

o iand are set to 0.5

References: Sheng et al., OD, 2005; Sheng et al., JGR, 2001;References: Sheng et al., OD, 2005; Sheng et al., JGR, 2001;
GreatbatchGreatbatch et al., CSR, 2004; Zhao et al., 2006.et al., CSR, 2004; Zhao et al., 2006.



Preliminary results of the nestedPreliminary results of the nested--gridgrid modellingmodelling systemsystem
(M(M22 tidal forcing only)tidal forcing only)



Summary and ConclusionSummary and Conclusion

••AA singlesingle--domain, 3D, finitedomain, 3D, finite--difference model based ondifference model based on
CANDIE with horizontal resolution of 500 m wasCANDIE with horizontal resolution of 500 m was
developed for the Brasdeveloped for the Bras dd’’OrOr Lakes.Lakes.

•• In comparison with observations, the 3D mIn comparison with observations, the 3D model hasodel has
reasonable skill in simulating circulation forced by tides,reasonable skill in simulating circulation forced by tides,
wind forcing, and freshwater discharge from 17 rivers inwind forcing, and freshwater discharge from 17 rivers in
the Lakes.the Lakes.

••The boundary flow associated with the inverse barometerThe boundary flow associated with the inverse barometer
effect also plays an important role in generating the loweffect also plays an important role in generating the low--
frequency variability circulation in the lakes.frequency variability circulation in the lakes.

••A nestedA nested--grid model is needed to study the 3D circulationgrid model is needed to study the 3D circulation
in bays and straits (or channels).in bays and straits (or channels).



Thank youThank you


