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Mouth of the Columbia River

60 km

Port of Portland



Mouth of the Columbia River

Tidal velocities: 2 m/s flood
     3 m/s ebb
Waves:  1.5 m / 8 sec (Summer avg)
   3 m / 12 sec (Winter avg)



Columbia River Bar Pilots

In 2021, over 65 million 

cargo tons traversed the 

Columbia River mouth 

amounting to ~$27 billion in 

goods. 





Coupled 
ROMS-SWAN

Previous Work

JGR-Oceans, 2017



Previous Work

Vertical profile of 
Columbia River ebb 
current



Existing Ocean 

Current Forecasting 

Models

SCHISM modeling system (https://ccrm.vims.edu/schismweb/).

“Virtual Columbia River”



Salish Sea and Columbia 

River Operational Forecast 

System (SSCOFS)

• The Salish Sea faces increasing ship traffic and 

wastewater discharges from major cities, raising 

environmental concerns.

• NOAA/NOS developed SSCOFS, including the 

Columbia River domain based on the unstructured grid 

finite volume formulation (FVCOM).

• 100-500 m resolution nearshore

Columbia River estuary region of the Salish Sea Model: 

(a) Original placeholder coarse scale grid in SSM;

(b) Intermediate refinement as part of the SSM-OFS;

(c) Final version of refinement implemented in SSCOFS model 

(https://comt.ioos.us/projects/salish_sea).



Existing Ocean 

Current Forecasting 

Models



• Charles Seaton (CRITFC) provided the Columbia River model grids: 

(1) The subset of the CPOEM (full Pacific) grid using for the Virtual Columbia River

(2) The lower Columbia River bathymetry from the Estuary Partnership

The subset of the CPOEM (full Pacific) grid using for the Virtual 

Columbia River.

Lower Columbia River Digital Terrain Model, 2010 

(https://www.estuarypartnership.org/).

Initial grid development



• WAVEWATCH III for high-resolution wave forecasting on unstructured grids.

• One-way coupling with estuarine circulation models (SCHISM & SSCOFS).

• Comparing WWIII wave prediction accuracy using the different flow models.

• Using remote sensing and in situ wave data for verification.

• Aug 2024 – July 2025: Establish WWIII grids and start model/data comparisons.

• Aug 2025 – July 2026: Complete one-way coupled model hindcasts and document results.

• Aug 2026 – July 2027: Add forecasting to the NANOOS-NVS data stream and test two-way coupling.

• Aug 2027 – July 2028: Complete testing and publish results.

• Improved wave forecasting accuracy with wave/current interaction and circulation models developed in parallel.

• Enhanced maritime economic benefits and coastal resilience by enhancing navigational safety.

Project Summary

Schedule

Expected Outcomes



Conclusions

Thank you.



Surge and Tide Operational Forecast System (STOFS)

• The end target of this effort is integration into NOAA-

NOS Surge and Tide Operational Forecast System 

(STOFS), enhancing its predictive accuracy for estuarine 

and coastal environments.

Global STOFS Pacific Region Storm Surge Model Guidance 

(https://ocean.weather.gov/stofs/stofs_pacific_surge_info.php).



Model construction

• A high-resolution wave forecasting system for PNW estuaries, focusing on the Columbia River, will be 

developed by including wave-current interaction through one-way coupling between the WAVEWATCH III 

model (unstructured grids) and new circulation models (e.g., SCHISM). 

Example of WAVEWATCH III run on unstructured grids for the Hawaiian 

Islands (Ardhuin and Roland, 2012).

SCHISM modeling system (https://ccrm.vims.edu/schismweb/).
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