The Regional Arctic System Model (RASM) - Overview

The Regional Arctic System Model is a limited-area, fully coupled ice-ocean-atmosphere-
land model (Maslowski et al. 2012). It includes the Weather Research and Forecasting (WRF)
model, the LANL Parallel Ocean Program (POP) and Community Ice Model (CICE) and the
Variable Infiltration Capacity (VIC) land hydrology model configured for the pan-Arctic region
(Figure 1). The ocean and sea ice models used in RASM are regionally configured versions of
those used in CESM, while WRF replaces the Community Atmospheric Model (CAM). A
streamflow routing (RVIC) model is a source-to-sink routing model recently implemented in
RASM to transport the freshwater flux from the land surface to the Arctic Ocean. These
components are coupled using a regionalized version of the CESM flux coupler (CPL7), which
includes modifications by Roberts et al. (2014) important for high-resolution polar simulations.
RASM’s domain (Figure 1) covers the entire Northern Hemisphere marine cryosphere, terrestrial
drainage to the Arctic Ocean and its major inflow and outflow pathways, with optimal extension
into the North Pacific / Atlantic to model the passage of cyclones into the Arctic.
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Figure 1. Configuration of the Regional Arctic System Model: The ocean-ice domain
(POP/CICE; white boundary) includes the maximum sea ice zone and large marine ecosystems
relevant to the Arctic. The atmosphere-land domain (WRF/VIC; red boundary) includes the
Arctic System watershed (major inland waterways in green). Topographic and bathymetric pixels
(shading) represent single model grid cells on the 50km atmosphere-land and 1/12° ice-ocean
domains, respectively. The area encircled by the black line represents the central arctic analysis
domain of relevance to inter-comparison of RASM results with satellite observations.



WREF’s standard configuration in RASM uses a polar stereographic grid at a resolution of 50
km and 40 vertical levels, with the finest vertical resolution in the boundary layer. A higher
resolution grid configuration at 25 km has already been tested and it is planned for use in WRF.
WRF has undergone considerable development and testing for high-latitude use (e.g. Hines and
Bromwich 2008; Bromwich et al. 2009; Cassano et al. 2011), including demonstration of stability
in long duration (years) simulations. As implemented in RASM, WRF uses spectral nudging in
the upper half of the model atmosphere to constrain large-scale features (wavenumbers less than
4) to be similar to the driving reanalysis data. This allows use of WRF for downscaling Global
Climate / Earth System Models (GC/ESMs) and atmospheric reanalyses for focused studies of the
coupled Artic System on seasonal to decadal timescales, while allowing sensitive ice-ocean-
atmosphere interactions across the coupled boundary layer to freely evolve. The RASM WRF
configuration includes several important changes from other standard WRF implementations,
including options for either the CAM (Collins et al. 2004) or RRTMG (Clough et al. 2005)
radiation schemes, which are coupled to Morrison microphysics (Morrison et al. 2009) via
modeled liquid and ice effective particle sizes, found to be important for the surface radiation
balance over sea ice. We have also found important sensitivity of the atmospheric simulations in
WREF to sea ice state when run in a fully coupled mode, as in RASM, compared to stand-alone
WREF. For the fully coupled simulations, the more realistic time varying representation of sea ice
thickness and leads allows for a more accurate simulation of near surface air temperature over the
Arctic compared to stand-alone WRF. Atmospheric boundary layer stability is determined from
area-weighted turbulent fluxes and variable surface roughness passed to WRF from sea ice,
ocean, and land surface models. The atmospheric model in RASM uses diagnostic surface albedo
calculated in the sea ice, land, and ocean flux coupling.

VIC has added process representations that are of particular importance to high latitude
processes, including (1) seasonally and permanently frozen soil (Cherkauer and Lettenmaier
1999, Cherkauer et al. 2003), (2) a snow accumulation and ablation model that represents the
interaction of vegetation with snow sublimation and other ablation processes (Andreadis et al.
2009), (3) lakes and wetlands (Bowling and Lettenmaier 2010), and (4) sublimation and snow
redeposition from blowing snow (Bowling et al. 2004). These arctic process representations have
been used to investigate snow pack dynamics and hydrological fluxes in the high arctic (Su et al.
2005; Shi et al. 2011; Shi et al. 2013). Recent improvements have focused on the representation
of micro-topography and wetlands in the Arctic (Bohn et al. 2013).

In the standard RASM configuration, the VIC land surface model shares the WRF horizontal
grid. Surface and subsurface flows generated at the grid cell level are assumed to reach a channel
within each horizontal cell. These flows are routed using the RVIC runoff model that is separately
coupled to the RASM framework, delivering freshwater to POP at all of the coastal grid cells.
Most of the water is transported via major rivers, as displayed in Figure 1.

POP, developed at LANL, is an energy-conserving ocean model that solves the three-
dimensional primitive equations for fluid motion on the sphere under hydrostatic and Boussinesq
approximations. It uses a free-surface formulation, which when combined with high spatial
resolution, allows an unsmoothed, realistic bathymetry. The standard POP configuration in
RASM uses 45 vertical z-coordinate levels and a 1/12° rotated sphere mesh with an equator
extending across the North Pole, resulting in ~9 km resolution in the Arctic Ocean, and minimal
area distortion near the boundaries. Ice-ocean stress obeys standard quadratic drag laws, with 7
ocean layers in the upper 42 m to resolve Ekman layer dynamics. Turbulent atmospheric surface
flux and albedo calculations passed from the ocean to WRF are performed within CPL7, which
also accounts for observed surface temperature and salinity at the perimeter of the POP domain.
The extended ocean domain supplies boundary conditions to WRF consistent with its lateral
constraints (Figure 1).

CICE has been developed at LANL (Hunke et al. 2013a) for use in GC/ESMs and is



designed to be compatible with POP. RASM has recently been upgraded to CICE Version 5.0
(CICES.0). The new prognostic salinity thermodynamic model of Turner et al. (2013) is being
adopted in RASM to model sea ice growth and melt. Early inter-comparison between Elastic-
Viscous-Plastic sea ice mechanics (EVP; Hunke and Dukowicz 1997) and a new anisotropic
rheology (EPA; Tsamados et al. 2013) in CICES.0 is proving the benefit of anisotropic sea ice
dynamics, especially for RASM which resolves the ‘multi-floe scale’ (2-10km) as defined by
McNutt and Overland (2003). In RASM, CICE is configured with incremental remapping for sea
ice advection (Lipscomb and Hunke 2004) using five sea ice thickness categories for vertical
growth, deformation and melt (Lipscomb 2001). Shortwave albedo is calculated using the Delta-
Eddington scheme for two bands partitioned at 700nm (Briegleb and Light 2007), influenced by
one of two new explicit melt pond parameterizations (Flocco et al. 2010; Hunke et al. 2013b) and
then used by WRF to calculate dual-band net downward surface shortwave radiation. Whereas
previously ice-ocean and ice-atmosphere stress neglected sea ice morphology, CICE now
includes form drag to approximate these drag coefficients (Tsamados et al 2014), which is part of
the new RASM default configuration. High frequency coupling has recently been incorporated
into CICE from changes made in RASM to resolve ice-ocean inertia and hence improve
simulated Ekman transport for polar seas (Roberts et al. 2014).
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