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Model: Based on Regional Ocean Modeling System 
- ROMS (www.myroms.org) 
 
1000 x 4000 km domain 
2-km resolution 
Atm forcing: NOAA NAM 
IC/BC: 1/12 degree global HYCOM (Navy, NOAA 
RTOFS) 
Tides: TPXO7.2 
Rivers: Columbia R., Fraser R., Puget Sound inputs 
 
Planned products:  
 
- 3-7 day forecasts of oceanic conditions, 
constrained by assimilation of SSH, SST, HF radar 
surface currents, glider T and S sections 
 
- A long model run without assimilation (2009 – 
present): for model verification and to provide a 
resource for basic and applied studies 

http://www.myroms.org/


The Ocean Observing System off the US West Coast: 

HF radar network: 
surface currents 

(data 
provided by 
J. Chen and 
N. Garfield) 

NSF OOI gliders (Barth) 

+ altimetry (Jason, Altika, Cryosat) 
+ SST (AVHRR, GOES, …) 
+ CalCOFI station data  
+ mooring assets from regional OOS associations 



4DVAR: dynamically-based  smoothing over a larger time interval 

Challenges: 
- The IC error covariance is static (the same in each analysis interval) 
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Approach to data assimilation: 
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Hybrid Ensemble - 4DVAR (Kurapov and Pasmans): Obtain the IC error 
covariance from  an ensemble of forecasts 
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The hybrid Ens-4DVAR is being tested with the OR-WA model. 
The choice of covariance impacts the T-S properties  
 

4DVAR      ens-4DVAR 

T-S diagram 
(22-31 Jul 
2009, shelf 
near 44.65N, 
top 50 m) 

Observed (glider, 
Barth et al.) 

C0(t) 



A long non-assimilative WCOFS run: model verification 
 
Oct 2008 – 2011 (a case w/ no tides, no rivers) 
 
SST: no bias 
HF radar surface currents: response to wind forcing is correct 

NOTE: NO DATA ASSIMILATION !!! 
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SST, Feb 2010 
  multisat OSTIA 
 
          WCOFS   
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SST, May 2010 
  multisat OSTIA 
 
          WCOFS   
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SST, Aug 2010 
  multisat OSTIA 
 
          WCOFS   
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SST, Nov  2010 
  multisat OSTIA 
 
          WCOFS   



12 

Comparison to HF radar surface 
currents: 
 
UCSD archives (T. Garfield, J. Chen) 
 
- Using daily-ave, 6-km res. maps 
 
- Averaging u, v over an area  
(OR, CCA, SCA) (analysis sim. to Durski et 
al., 2015) 



OR 

Cen CA 

South CA 

(area ave. alongshore currents) 

(only for depths <500 m) 



Monthly averaged alongshore velocity, vertical section, 38.5N, July 2009: 
 
- Evidence of the poleward undercurrent 

10 cm/s 
 
5 cm/s 

=26.5 kg/m3 

=27 kg/m3 



Bond, Cronin, Freeland & Mantua, 
GRL, 2015 

“Warm blob”: 
- Anomalously warm conditions in PNE in 2013-14. 
 
 

How do we address the “blob” issue? 
WCOFS is run for Oct 2013-2014. This 
solution can be used to help explain 
observations; can be compared to the  Oct 
2008-2011 run (see next) 



Some model-data comparisons for the 2013-2014 case: 

Daily-ave, area-ave surface currents , off Oregon(ROMS vs. HF radar / P. M. Kosro) 

NOTE: NO DATA ASSIMILATION !!! 

Cross-shore component 

Anlongshore component 



Red: NDBC Buoy 46050 Temperature (2m below surface), 45.65N, outer shelf (H=137 m) 
Blue: ROMS T (surface, the same geographic location) 

- Overall, the seasonal variability is qualitatively correct 
- Model winter temperatures are 1-2 C warmer than observed 
- The notorious 5C jump in Sept. 2014 is not reproduced (the model front is not as 

sharp). Inclusion of Columbia R. discharge does not help much (the case w/ CR is 
run, but result is not shown here).  

- The peak temperature in Sept. 2014 is predicted correctly    



Heat flux off Oregon (inferred from the ROMS model outputs):  

- Winter 2013-14: not dramatically different 
- March-Apr and July-Aug 2014: warmer than the other 3 years 
- May-Jun 2014: as warm as 2009 (El Nino year – see Durski et al., 2015) 
- Fall 2014: heat flux reduced at the same (or larger) rate as 09, 10  



Cen CA: 
- Larger positive flux 
in March 13, then 
similar or smaller 
than the other years 

S CA: 

- similar or smaller 
than the other years 



(Bond, Cronin, Freeland & Mantua, GRL, 2015) 

Winter 2014: weaker downwelling winds?  



ROMS wind stress (N/m2), 44.63N (shelf, off Oregon) 
 
(considerably weaker in winter 2014, summer 2014 would be comparable to the 
other 3 model years)   

toward East 

toward North 

(see the study of 09, 10, 11 winters: Durski et al. DAO 2015) 



Time-ave wind stress Dec-Jan-Feb: 

08-09 09-10 

0.1 N/m2 0.1 N/m2 

(weaker than 
ave.) 

(stronger 
than ave.) 



10-11 13-14 

0.1 N/m2 0.1 N/m2 

Time-ave wind stress Dec-Jan-Feb: 

(the weakest) 



winter-ave 
SSH 
08-09 

winter-ave 
SSH 
09-10 

(N. Pac. 
Current) 



winter-ave 
SSH 
10-11 

winter-ave 
SSH 
13-14 

(N. Pac. 
Current) 



Surface Lagrangian particles, released in Fall (Oct 1) across the North Pacific Current  

01-Oct-2009 .. 
..01-Mar-2010 

01-Oct-2013 .. 
..01-Mar-2014 

“Desert” 



Sensitivity: release points in a 100-km band, every 10 km  

01-Oct-2013 .. 
..01-Mar-2014 

Still, looks 
like the 
“desert” 



Let’s release surface particles offshore 
off OR-WA coast (in the “desert” 
zone), on Oct 1 of each year.  Let’s 
track the particles for 5 months (until 
1 Mar).  



01-Oct-2009 .. 
..01-Mar-2010 

01-Oct-2013 .. 
..01-Mar-2014 

Comparing (left) anomalously strong vs. (right) anomalously weak downwelling season 



01-Oct-2008 .. 
..01-Mar-2009 

01-Oct-2013 .. 
..01-Mar-2014 

(more anomalous than the 
anomalously weak winter 
08-09) 

Comparing two anomalously weak downwelling seasons (left: 08-09 / right: 13-14) 



SUMMARY: 
 
- The new high-resolution regional ocean circulation model for the US West Coast 

has been developed 
- Multi-year simulations (without assimilation) compare well to HF radar, satellite 

SST, moored T 
- Approach to assimilation: attention to the choice of covariance 
- The WCOFS run is proving to be useful for scientific analyses of the interannual 

variability 
 

Future steps: 
 
- Adding tides, rivers 
- Model-data comparisons 
- Operational implementation at NOAA 
- Data assimilation 
- Integrating bio-chemical model (w/ C. Edwards, F. Chai, N. Banas) 


