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OutlineOutline

•RCM details 
•Required forcing & progress to-date 
•Historical trends & relevant ecosystem issues
•Summary & future work
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The BC Shelf ModelThe BC Shelf Model

Regional Ocean Modeling System Regional Ocean Modeling System 
(ROMS): Masson(ROMS): Masson

-- 3km resolution 3km resolution 
-- forcing: tides, wind, heat flux, forcing: tides, wind, heat flux, 

freshwater discharge, open freshwater discharge, open 
boundaryboundary

Over annual seasonal cycle, the Over annual seasonal cycle, the 
model behaves realistically for model behaves realistically for 
-- tides tides 
-- thermal stratification thermal stratification 
(including summer upwelling)(including summer upwelling)
-- reversal of the shelf break reversal of the shelf break 
current (northward  in winter, current (northward  in winter, 
southward in summer)southward in summer)
-- eddy generationeddy generation

New HP 256New HP 256--cpu machine just cpu machine just 
delivereddelivered
-- will make decadal runs will make decadal runs 
feasiblefeasible
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Future Forcing for the RCMFuture Forcing for the RCM
1.1.

 

Tidal forcing unchangedTidal forcing unchanged
2.2.

 

Wind & heat flux thru interpolation from Wind & heat flux thru interpolation from GCMsGCMs and/or and/or RCMsRCMs
3.3.

 

Oceanic initial conditions & boundary forcing from ocean componeOceanic initial conditions & boundary forcing from ocean component of nt of 
GCMsGCMs (or Enrique(or Enrique’’s NEP nested model)s NEP nested model)

4.4.

 

Freshwater runoff by downscaling precipitation & temperature froFreshwater runoff by downscaling precipitation & temperature from m RCMsRCMs

Fraser River projections: Morrison et al., J. Hydrology, 2002Fraser River projections: Morrison et al., J. Hydrology, 2002



Salish Sea Runoff

FreshwaterFreshwater Flux along the BC CoastFlux along the BC Coast

•

 

Baroclinic flows largely 
determined by salinity rather 
than temperature

freshwater discharges generate freshwater discharges generate 
coastal currents which are coastal currents which are impimp’’tt
to marine ecosystemsto marine ecosystems

•

 

Total drainage basin ≈ 610,000 
km2 but 40% is ungauged

 (mountainous, sparsely populated)

•

 

Technique developed to estimate 
ungauged runoff using 
precipitation, terrain, storage 
capacity etc. within watersheds
••

 

Verified with historical Verified with historical 
observations observations 

••

 

will be used with future will be used with future 
projectionsprojections
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Recent & Projected BC FreshwaterRecent & Projected BC Freshwater Fluxes Fluxes 
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- 6 RCMs in North American Regional 
Climate Change Assessment Program 
(NARCCAP)

 - 50 km resolution 

- 1971-2000 & 2041-2070 (A2)

 
simulations

 - http://www.narccap.ucar.edu

Ensemble ofEnsemble of
Regional Climate Models Regional Climate Models 

Mean (1971Mean (1971--90) daily precipitation (mm) as 90) daily precipitation (mm) as 
computed by top): the computed by top): the CCCmaCCCma global climate model,  global climate model,  
bottom): the CRCM.bottom): the CRCM.

http://www.narccap.ucar.edu/


Changes in Oceanic Changes in Oceanic 
Salinities & TemperaturesSalinities & Temperatures

• Lateral boundary & initial 3D Lateral boundary & initial 3D 
salinity & temperature fields for salinity & temperature fields for 
future simulations will either befuture simulations will either be
••

 

anomalies added to presentanomalies added to present--

 
day day climatologiesclimatologies

••

 

or from Enriqueor from Enrique’’s models model

••

 

Anomalies computed from Anomalies computed from CCCmaCCCma

 
CGCM3.1 T47 SRES A2 run #4 CGCM3.1 T47 SRES A2 run #4 --

 
-- Averages over shelf model Averages over shelf model 
domaindomain

••

 

BC waters are becoming fresher BC waters are becoming fresher 
& warmer& warmer



Historical Trends & Historical Trends & 
Future Projections of Future Projections of 

Offshore WindsOffshore Winds

••

 

network of 15 offshore network of 15 offshore 
buoys with observations back buoys with observations back 
to 1958to 1958

••

 

Looked at recent trends & Looked at recent trends & 
future projections future projections 

••

 

How well do How well do GCMsGCMs & & RCMsRCMs
 represent these winds?represent these winds?



GCM Wind AnalysesGCM Wind Analyses

• 10m winds from 18 10m winds from 18 
GCMsGCMs

••Interpolate to buoy Interpolate to buoy 
locationslocations

••

 

evaluate accuracyevaluate accuracy byby

 
comparing monthly & comparing monthly & 
seasonal averages over seasonal averages over 
specific periods specific periods 

••compute future projection compute future projection 
anomaliesanomalies

••

 

MerryfieldMerryfield et al et al 
(2009)(2009)



Evaluation of Evaluation of 
19761976--95 Seasonal 95 Seasonal 
Average WindsAverage Winds

winter                                           summerwinter                                           summer



GCM Wind Projections GCM Wind Projections 
(scenario A1B) (scenario A1B) 

along the BC Shelfalong the BC Shelf
 winter                 summerwinter                 summer

2030-49

2080-99

5% increase in magnitude, 
5° rotation counterclockwise



Observed Changes Observed Changes 
in Upwelling Timingin Upwelling Timing
••Upwelling brings nutrients to ocean Upwelling brings nutrients to ocean 
surfacesurface

Ecosystem productivityEcosystem productivity

19591959--6868

19691969--7878

19791979--8888

19891989--9898

19991999--20082008



Changes in Changes in 
Upwelling Magnitude Upwelling Magnitude 

& Timing & Timing 
•Cumulative upwelling index 
(Schwing et al, 2006) 
integrates the wind stress 
over the upwelling period

•Bograd et al (2009) found 
similar trend off 
Washington state



Projected Changes in Upwelling Projected Changes in Upwelling 
Timing from 2 Timing from 2 RCMsRCMs

UnivUniv Wash  RCM                    Can RCMWash  RCM                    Can RCM



SummarySummary

•• development of BC shelf, oceandevelopment of BC shelf, ocean--
 only, RCM continues only, RCM continues 

••
 
Parallel efforts in downscaling to Parallel efforts in downscaling to 
assemble forcing, initial & lateral assemble forcing, initial & lateral 
boundary conditionsboundary conditions

••

 

Historical analyses suggest changes in Historical analyses suggest changes in 
magnitude & timing of winds & magnitude & timing of winds & 
freshwater dischargesfreshwater discharges

••

 

will have important ecosystem will have important ecosystem 
consequences consequences 

••
 
Decadal runs now possible with Decadal runs now possible with 
new 256new 256--cpu computer cpu computer 
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