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1. Introduction

The ocean off Canada’s Atlantic coast isaregion of vital economic importanceto Canada. On the
Grand Banks and Scotian Shelf, two dl and gas fields have been in production since the mid-1990s.
Several segorts along the mast are the destinations of marine shipping and sightsedng cruises from the
U.S. and Europe. The aeais apathway to the Grea Lakesthroughthe St. Lawrence Seaway. Fisheriesare
amajor industry of the region. To plan and maintain safe off shore operations and to respond to
emergencies, reliable forecasts of marine conditions are needed. To mee this requirement, an ocean
forecasting system has been developed at Bedford I nstitute of Oceanography (BIO) to provide daily
forecasts of surface arrents, waves, tides and seaicein the mastal waters of eestern Canada including the
Labrador Shelf, N.E. Newfoundland Shelf and the Grand Banks.

2. Forecast models

The BIO Ice-Ocean Forecast System implements threeseparate models - a wupled multi-category ice
model and the Princeton Ocean Model, a Grand Banks tide model and a spedral wave model. The
icelocean model coversthe entire Labrador Sea and its surrounding shelves (Yao et al., 2000. Seaiceis
coupled to POM using the coupling scheme of Mellor and Kantha (1989. For the ocean model, three
dimensional mean temperature and salinity fields for eat season are wnstructed from an objedive analysis
of historicd data achived at BIO using an iterative diff erence-corredion methods with topagraphy-
dependent radii of influenceon a1/6 by 1/6 degreegrid. At the open boundaries, temperature and sali nity
are prescribed using the seasonal data set. Intheinterior, there is no constraint on the temperature and
salinity fields. Seasurface éevation at the open boundariesis gedfied in such away that the resulting
volume transports are mnsistent with observation. In particular, 35 Sv is used for the volume transport into
the Labrador Seasouth of Greenland. Fig. 1 showsthe verticdly averaged mean current field for summer.
The main feaure of the drculation includes a cyclonic drculation in the northern Labrador Seg the
Labrador Current along the shelf edge of the mntinental shelf, week mean currents on the Grand Banks, and
the topaography foll owing North Atlantic Current.

Thetidal constants used to compute tidal elevation and tidal currents are generated from the three
dimensional tide model of Han (1996. The model coversthe Grand Banks, and includes the major
semidiurna (M2, S2, N2) and diurnal (K1, O1) tides. Tidal elevations are spedfied at the open boundary
on the basis of Petrie's (1987 model output and satellit e alti metric measurements. The model results are
validated with avail able water level and current data from coastal tide gauge and dff shore bottom presaure
gauge stations, and moored current meters.

The wave model used in the forecast is a spedral wave model (Komen, 1984). The model domain
covers alarge part of the North Atlantic, approximately 20°N to 65N, 8C°PW to 2(PW. Seaice aess are
treaed asland if theice mncentration and thicknessare greaer than 70% and 0.10m respedively. Work is
underway to replacethe spedral wave model by a more advanced wave model, SWAN, which includes
shallow water effeds, refledion at the wmast and ather processes.
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Fig.1 Verticdly averaged mean
current for summer. Hibernia and
Sable Island are the sites for

off shore oil and gas production.
The grey lineisthe 200-m isobath.
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3. Forcingfields

The forcing fields were cdculated and interpolated to the model grid and time steps from six-hourly
forecast meteorologicd parameters provided by Canadian Meteorologicd Service The parameters include
wind spead and dredion, sealevel presaire, air temperature, dewpoint temperature, predpitation and cloud
cover. Short-wave and long-wave radiations are cdculated from standard formulas. For wave, sealevel
and current forecasts, the most important forcings are winds.

4. Forecast runsand display of outputs

All forecasts gart at 1200UTC for a maximum period d 48 hours. The ocean model isrun
continuously. The temperature and salinity fields are constrained by the fixed baundary conditions. During
winter where seaiceis present, ice oncentration and thicknessare updated every day at -24 hours forecast
time with the daily digital ice maps provided by Canadian Ice Service. The wave model is sarted from rest
daily at -24 hoursto cdculate initial conditi ons for the 48 hour forecast.

Seleded model outputs from the forecast runs are plotted and displayed at the website:
http://www.mar.dfo-mpo.gc.calscienceocea/icemodel/ice ocean forecast.html. These includes

(@) Time series of water level at St. John's, Newfoundland and Hibernia oil production site on the Grand
Banks (seeFig.1 for locaion). The water level isthe sum of tidal elevation and seasurface éevation
cdculated from POM relative to the seasonal mean.

(b) Maps of significant wave height, wave diredion and period at 0, 6, 12, 18, 24, 30, 36, 42, 48 hours.

(c) Animation of wave fields for the 48-hr forecast period.



(d) Time seriesof significant wave height at Halifax, Sable Island, St. John's, and Hibernia.

(e) Traedoriesof surface wrrents over the Grand Banksin the 48-hr forecast period. The surface
currents are represented by the sum of currents from POM averaged over the top 10meters, and tidal
currents from the tide model.

(f) Maps of seaice oncentration and thicknessat 0, 12, 24, 36, 48 hours.

(g) Animation of seasonal ice mncentration and thicknessusingicefields at 0 and 12hours from the
beginning of the ice season.

Figs. 2 and 3are examples sowing the wave fields and surfacedrift trajedories on the Grand Banks.
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Fig.2 Significant wave height
(color coded), wave diredion and
period (black arrows) for the
northwestern North Atlantic a
1200UTC, Auguwst 31,2001 The
red arrows indicate surfacewind.
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Fig. 3 Trajedoriesof surfacedrift
on the Grand Banks for 1200UTC,
August 29, 2001 Thegrey line
indicates the 1000 m isobath.
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5. Concluding remarks

The forecast system and models described above ae beingimproved and upgraded on a continuing
basis. Two areas that need spedal attention are surface arrrents and data assmilation. Surface airrents are
represented by verticdly averaged horizontal currentsin thetop 10m. Thisis necesstated by the fad that
POM does not have thefirst grid padnt at the ocean surface In the top meters of the ocean, the dfeds of
surfacewaves become important. The surfacewaves induce aStoke drift, and modify the momentum
transfer from the amosphere to the ocean by wave growth and disspation. Accurate modeling of surface
currents must take the wave dfeds and verticd structure of the aurrent into consideration.

Data assmil ation can corred model errors by making wse of red-time or recent data. In the Labrador
Seag the main current system is the Labrador Current, which istopagraphy-steered and hencerelatively
stable except in the upper water column where the aurrent is affeded by winds. It istherefore anticipated
that data assmilation islesseffedive in correding model errorsthan it isfor an urstable arrent system
such as the Gulf Stream and the Kuroshio.

Acknowledgements

Thisreseach is supparted by the Program for Energy Research and Development.

References

Komen, G. J,, S. Hasslmann and K. Hasslmann, 1984 On the existence of afully developed windsea
spedrum. J. Phys. Oceanogr. , 14, 12711285

Petrie, B., K. Lank and S. de Margerie. 1987 Tides on the Newfoundland Grand Banks. Atmosphere-
Ocean, 25, 10-21.

Han, G., M. Ikeda and P.C. Smith, 1996 Oceanic tides over the Newfoundland and Scotian Shelves from
TOPEX/Poseidan alti metry. Atmosphere-Ocean, 34, 589-604.

Mellor, G.L. and L. Kantha, 1982 Anice-ocea coupled model. J. Geophys. Res., 94, 10,937-10,954.
Yao, T.,C.L. Tangand |.K. Peterson, 2000 Modeling the seasonal variation of seaicein the Labrador Sea

with a mupled multi-category ice model and the Princeton Ocean Model. J. Geophys. Rev., 105, 1153
1165



