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Wind-driven upwelling is an important process in Eastern Boundary Current systems that delivers 
nutrient-rich water to coastal regions and drives enhanced primary productivity. The deep ocean 
water masses that contribute to coastal primary productivity are also acidic and low in dissolved 
oxygen, which can negatively impact fish and shellfish. The Columbia River estuary, a river-
dominated mesotidal estuary, is subject to upwelling from the California Current and consequently 
to enhanced productivity, estuarine hypoxia, and increased acidification. Modeling the 
biogeochemical response to upwelling events in this system while furthering our understanding of 
the effects of hypoxia and acidification requires highly resolved models that adequately capture the 
coastal hydrodynamics and circulation. Existing river-to-ocean simulations of the Columbia River, 
using the Semi-implicit Eulerian-Lagrangian Finite Element (SELFE) model, have been effective in 
providing scientifically and societally useful representations of the estuary but have underperformed 
in the characterization of upwelling events on the shelf. Standard SELFE simulations use 
atmospheric forcing from the NOAA/NCEP North American Mesoscale Forecast System and ocean 
boundary conditions, including temperature and salinity data, from global Navy Coastal Ocean 
Model (NCOM) simulations. These atmospheric forcing and ocean boundary conditions as well as 
existing spatial and temporal resolutions result in underestimated upwelling-driven transport onto 
the shelf, and this is hypothesized to be true for estuarine imports as well. In this study, we assess 
and improve the SELFE-based representation of upwelling. Results from a sensitivity study to both 
ocean and atmospheric forcing suggest that major improvements are achieved using more highly 
resolved atmospheric and ocean forcing from a regional ROMS-based circulation model (courtesy 
of University of Washington). Further sensitivity studies explore changes in skill from refinements 
in horizontal grid resolution (coupled with time step) and in vertical grid resolution. Anchoring the 
assessment of simulation skill is an extensive network of endurance and mobile observations. 
Overall, improvements in SELFE’s representation of coastal upwelling could enhance SELFE’s 
application for understanding the effects of coastal processes on estuarine biogeochemistry.  

  


