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Auxiliary materials for “Estimating the benthic efflux of dissolved iron on the Ross Sea 

continental shelf” 

 

Text S1: Description of the physical circulation model 

The circulation model used is the Rutgers/UCLA Regional Ocean Modeling System (ROMS), 

which is a primitive equation finite difference model with a terrain-following vertical coordinate 

system [Haidvogel et al., 2008; Shchepetkin and McWilliams, 2009].  Details of the setup used 

for the Ross Sea are described in Dinniman et al. [2007, 2011], with the addition in this case that 

the dynamic sea-ice model [Budgell, 2005], described in Dinniman et al. [2011] for the 

Bellingshausen Sea, is now active in the Ross Sea model.  Calculated open ocean momentum, 

heat and fresh water (imposed as a salt flux) fluxes for the model are based on the Coupled 

Ocean-Atmosphere Response Experiment (COARE) 3.0 bulk flux algorithm [Fairall et al., 

2003], with no relaxation of surface temperature or salinity. 

The model domain takes in most of the Ross Ice Shelf and Ross Sea, extending north to 67.5°S, 

and simulates the mechanical and thermodynamic interactions between the Ross Ice Shelf and 

the water cavity over which it floats [Holland and Jenkins, 1999; Dinniman et al., 2011].  

Horizontal grid spacing is 5 km and there are 24 vertical layers.  For this study, a model run 

covering the time period 15 September 2010 to 27 February 2012 was completed, forced with six 

hourly, 0.75° horizontal resolution, European Centre for Medium-Range Weather Forecasts 

(ECMWF)-Interim reanalysis winds and atmospheric temperatures [Dee et al., 2011], with the 

rest of the atmospheric forcing fields (air pressure, humidity and clouds) the same as in 

Dinniman et al. [2007].  The adaptive nudging scheme [Marchesiello et al., 2001] used for 

temperature and salinity at the lateral open boundaries is the same as in Dinniman et al. [2007].  
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Because of the inclusion of the dynamic sea-ice model, sea-ice concentrations for the open 

boundaries are now needed and were taken from SSM/I satellite data.  Tides were added by 

specifying tidal elevations and barotropic velocities normal to the open boundaries from the 

CATS2008 tidal model, itself an updated version of the inverse tidal model of Padman et al. 

[2002]. 

Tracer mixing and vertical momentum were computed using the K-profile parameterization 

(KPP) mixing scheme [Large et al., 1994], implemented in ROMS with two modifications.  

First, the surface boundary layer depth under stabilizing conditions with non-zero surface 

shortwave flux was limited to a minimum depth, equal to the directly wind-forced minimum 

depth under stable conditions in a Kraus-Turner bulk mixed layer model [Niiler and Kraus, 

1977; Dinniman et al., 2003].  The unmodified KPP scheme may have difficulties with a 

dynamic sea ice model implemented over Antarctic continental shelves [Timmermann and 

Beckmann, 2004], and the approach used here provided the best representation of seasonal 

vertical mixing in regional models of the Antarctic [Dinniman and Klinck, 2004; Dinniman et 

al., 2011].  Secondly, and more important to the near-bottom values of kz used in our 

calculations, is the addition of a bottom boundary layer parameterization [Durski et al., 2004] to 

the KPP scheme.  In this addition to KPP, the mixing profile for the bottom boundary layer is 

constrained, like the KPP surface boundary layer, to match Monin-Obukov similarity scaling as 

the boundary is approached.  The bottom boundary layer depth is determined in the same manner 

as the surface layer depth (original method, not our modification), using an Ekman layer depth 

estimate and a bulk Richardson number criteria.  The bottom stress for this simulation was 

calculated as a quadratic drag with a non-dimensional coefficient of 0.003.  While there are no 

direct measurements to compare the performance of the bottom boundary layer addition in the 
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Ross Sea, the addition of a bottom boundary layer to the KPP scheme has been shown to 

improve results near the bottom, as well as throughout the water column, in other coastal areas 

[e.g. Renaudie et al., 2011]. 
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