
The Atmospheric model CAM4-Oslo of the Norwegian 
Earth System Model (NorESM) 
 
 

The main block of code in NorESM is the CCSM4 from NCAR, which includes the coupler 
CPL7 (J. Hurrel et al., pers. comm., see http://www.ccsm.ucar.edu/models/ccsm4.0/cam/).  

The atmospheric component in NorESM (CAM4-Oslo) is modified from the CAM4 of 
CCSM4 for use in NorESM by updating the aerosol and aerosol-cloud interaction schemes 
originally developed for CAM-Oslo based on CAM3, and the most recent published version is 
described and discussed in Seland et al. (2008), Kirkevåg et al. (2008), Storelvmo et al. 
(2008), Hoose et al. (2009), and Struthers et al. (2011). The further updated CAM4-Oslo 
(Kirkevåg et al., 2011, in preparation), includes more realistic parameterizations, and a 
number of adjustments of uncertain parameters for realistic gross climate properties in long 
control simulations with NorESM. Relative to the published CAM-Oslo, the changes include: 
• New fields of tropospheric oxidants (OH, O3, H2O2) from Oslo-CTM2 (Berntsen and 

Isaksen, 1997), and a replenishment time which increases with the cloud volume fraction. 
• The OM/OC (OM: organic matter; OC: organic carbon) ratio for biomass burning POM 

(primary organic matter) emissions has been increased to 2.6 (Formenti et al., 2003). 
• A range of upgrades in the treatment of natural background aerosols: 

- The prescribed AeroCom sea salt emissions are replaced by prognostic (wind and 
temperature dependent) sea-salt emissions (Struthers et al., 2011). 

- MSA is included. 
- Oceanic emissions of POM - a “bio-aerosol” - are added (Spracklen et al., 2008). 
- Natural SOA production from vegetation is increased to 37.5 Tg/yr (Hoyle et al., 2007). 
- The in-cloud mineral scavenging coefficient has been reduced to 0.25. 

• Gravitational particle settling is now calculated at all heights. 
• Deposition of BC and mineral dust is coupled to the land and sea-ice models for 

calculation of surface albedo changes. 
• The effective cloud droplet radius for light scattering is updated (Rotstayn and Liu, 

2009). 
• The relative humidity threshold for formation of low clouds is reduced to 90 %, and the 

critical droplet volume radius for onset of auto-conversion is increased to 14 µm. 
The ocean component in NorESM is a developed version of MICOM based on the ocean 

model in the Bergen Climate Model (Furevik et al., 2003), thus replacing the POP2 used with 
CCSM4. This ocean model includes an interactive module for carbon (HAMOCC_v5; The 
Hamburg Ocean Carbon Cycle Model, developed by Ernst Maier-Reimer and Christoph 
Heinze at the Max-Planck-Institut fűr Meteorologie in Germany). 

The land model in NorESM is the original CLM4 of CCSM4, including its own carbon 
cycle model as well as the SNow, ICe, and Aerosol Radiative (SNICAR) model (Flanner et al, 
2007; 2009) which enable calculations of effects on radiation from snow darkening caused by 
deposited absorbing aerosols.  

Also, effects of deposition of light-absorbing aerosols on the albedo of snow-covered and 
bare sea-ice are taken into account in the sea-ice model CICE4 (Holland et al., 2011). 

For the AeroCom intercomparison study (http://dataipsl.ipsl.jussieu.fr/AEROCOM/), the 
CAM4-Oslo of NorESM has been set up to run with the “data ocean and sea-ice” models 
from CCSM4, and the snow albedo effect of deposited BC and mineral dust in the land model 
has been turned off. Runs of 7-year off-line simulations are made, using the latter 5 year of the 
data in the analysis. 

http://dataipsl.ipsl.jussieu.fr/AEROCOM/


While the “pre-industrial” and “present day” emissions used in CAM-Oslo (aka 
UIO_GCM_V2) were for the emission years 1750 and 2000 in the AeroCom Phase I emission 
data base (Dentener et al. 2006), the new emission years are 1850 (“pre-industrial”, PRE) and 
2006 (“present-day”, CTRL) for use in CAM4-Oslo (aka CAM4-Oslo_Vcmip5) in AeroCom 
Phase II.  

AeroCom simulations for year 1850 are done with SO2, POM and BC fossil-fuel, bio-fuel 
and biomass burning emissions and explicit BC emissions from aviation from the IPCC AR5 
data sets (Smith et al., 2009, in preparation; update from Bond et al., 2007; Van der Werf et 
al., 2007; Schultz et al., 2008; Mieville et al., 2009; Buhaug et al., 2009; Eyring et al., 2009; 
Lee et al., 2009, in preparation). In the AeroCom 2006 simulations these emissions are 
replaced by the AeroCom Phase II emissions dataset valid for the year 2006. This dataset also 
include emissions estimates for SO2 and POM from aviation. 2.5% of the SO2 emissions are 
assumed to be directly emitted as sulphate particles, as in Seland et al. (2008).  

Additionally, the model in all simulations use emissions from Aerocom B, Phase I, for 
DMS, SO2 from tropospheric volcanoes, and for mineral dust. Aerocom B also provide 
emissions of SOA from biogenic sources (treated as POM), but these are here scaled to the 
total value found in Hoyle et al. (2007). The new IPCC emissions for biomass burning 
aerosols are given as 2D fields, but we have assumed that these emissions have the same 
vertical profiles as the AeroCom emissions used in CAM-Oslo (Seland et al., 2008). We have 
also added a primary OM source from oceans, based on Spracklen et al. (2008). The sea-salt 
emissions are calculated explicitly in the model, using a modified version of the 
parameterization in Struthers et al. (2011). 

Both CTRL and PRE simulations use GHG concentrations from year 2006, and both the 
anthropogenic aerosol direct (DRF) and the indirect radiative forcing (IndRF) since 1850 may 
be found from the difference CTRL – PRE. Results from these and other AeroCom 
simulations as well as a range of sensitivity experiments are presented and discussed in detail 
in Kirkevåg et al. (2011, in preparation).  
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