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Most of the results are from: 
 
A. Kirkevåg, T. Iversen, Ø. Seland, C. Hoose, J. E. Kristjánsson, H. Struthers,  
A. M. L. Ekman, S. Ghan, J. Griesfeller, E. D. Nilsson, and M. Schulz:  
Aerosol-climate interactions in the Norwegian Earth System Model – NorESM1-M,  
Geosci. Model Dev., 6, 207-244, 2013. 
  
See also the NorESM special issue: 
http://www.geosci-model-dev-discuss.net/special_issue21.html 
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New features in CAM4-Oslo / NorESM 

                  compared to CAM-Oslo: 
  
 
• New and enhanced natural aerosol components (vs. Seland et al., 2008): 
    - Oceanic primary biogenic OM: emissions distributed as sea-salt and scaled to 8 Tg/yr globally   
       (Spracklen et al., 2008) 
    - MSA produced from the oceanic DMS included, treated as POM   
    - Natural SOA produced from land vegetation and treated as POM is almost doubled (Hoyle et al., 2007) 
 
• New processing of natural aerosols: 
    - Sea-salt emissions depend now on wind and temperature, updated  Struthers et al. (2011)  
    - In-cloud scavenging coefficient for dust is reduced from 1 (Seland et al., 2008) to 0.25 
 
• New treatment affecting both natural and anthropogenic aerosols (vs. Seland et al., 2008): 
    - OM/OC ratio for emissions of biomass burning POM: increased from 1.4 to 2.6 (Formenti et al., 2003) 
    - Updated tropospheric oxidant fields from Oslo-CTM2 (Berntsen et al., 1997) 
    - Rate of replenishment of H2O2 in cloud droplets changed from a fixed value of 1 h to 1-12 h,  
        ~ (1.1-cldmax)2  
    - Gravitational particle settling speed calculated at all heights 
 
   - Pre-industrial emissions were AeroCom 1750, now: IPCC AR5 1850 for aerosols and precursors  
    -  Present-day  emissions  were  AeroCom 2000, now: AeroCom 2006 or IPCC AR5 2000. 
 
 + New cloud droplet spectral dispersion formulation (vs. Hoose et al., 2009)  
    (Rotstayn and Liu, 2009) 
 

Seland et al. (2008) 
Hoose et al. (2009) 
Struthers et al. (2011) 
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Schematic for aerosol processing in CAM4-Oslo 



Aerosol growth by:  

- condensation of H2SO4 
 
- coagulation of Aitken particles  
   onto larger pre-existing particles 
 
- cloud-processing/wet phase chemistry 
 
- hygroscopic growth 
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Monthly near-surface aerosol mass concentrations 



AOD composite, MODIS-MISR-AERONET 

(pers. comm. Stefan Kinne) 

Clear-sky aerosol optical depth CAM-Oslo (Seland et al., 2008) 

CAM4-Oslo 

Remote sensed data 
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     Bias (in %) compared to AERONET 
 

clear-sky AOD                clear-sky ABS (absorption AOD) 

Aerocom 2006 emissions 

IPCC 2000 emissions (CMIP5) 

http://aerocom.met.no/  
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Sensitivity tests of mainly old versions of parameterizations  
in CAM4-Oslo coupled to data ocean & sea-ice models: 

nat. 

nat. (PI in IPCC AR4) 

nat. & anthrop. 

nat. & anthrop. 

(Se08=Seland et al., 2008) 



DRF at TOA 

InDRF at TOA 

CTRL:  -0.07 W/m2 

CTRL:  -1.20 W/m2 

OM/OC for biomass 
POM:       2.6  1.4 

less   natural OM  
(old treatment) 



DRF at TOA 

InDRF at TOA 

CTRL:  -0.07 W/m2 

CTRL:  -1.20 W/m2 

OM/OC for biomass 
POM:       2.6  1.4 

year 2000 
emissions 
for PD, as 
in CMIP5  

 

year 2000 
    emissions  
          for PD  

 

less   natural OM  
(old treatment) 

year 1750 
emissions 
for PI  

   year  
1750 

emissions 
for PI  



DRF at TOA (W/m2) 
  

-0.07 

0.07 

bbPOM - Ctrl 

Ctrl  

bbPOM (OM/OC=1.4)  
0.14 



-0.70 

Ctrl 

natOM – Ctrl  

natOM (less natural OM)  

-1.20 

-1.90 

InDRF at TOA (W/m2) 
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Model validation: 
 

Aerosol surface concentrations and optical properties compare reasonably well  
with observations, giving similar or (mainly) improved validation results  
compared to earlier model versions (but more over-estimated POM in N-America) 
 
Direct and 1.&2. indirect SW forcing at TOA and near ground surface: 
 

o  DRF most sensitive to assumed OM/OC ratio for biomass burning POM:  
      + 0.07  – 0.07 Wm-2 when OM/BC is changed from 1.4  2.6  
 

o  Basic emission years / inventories also important, especially for surface forcing:  
    -0.10 Wm-2 for year  2000 – 1850 (CMIP5)                                        -1.04 Wm-2 
    -0.07 Wm-2 for year  2000 – 1750                                                      -1.36 Wm-2 
    -0.07 Wm-2 for year  2006 – 1850                                                      -1.89 Wm-2 
    -0.04 Wm-2 for year  2006 – 1750                                                      -2.20 Wm-2 
 

o  IndRF most sensitive to natural OM levels: 
     - 1.90  – 1.20 Wm-2 with the increased OM emission/production  
 

o  and basic emission years / inventories: 
     -0.91 Wm-2 for year  2000 – 1850 (CMIP5) 
     -1.23 Wm-2 for year  2000 – 1750     
     -1.20 Wm-2 for year  2006 – 1850  
     -1.53 Wm-2 for year  2006 – 1750 

Summary 
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From life cycle calculations: 
DU, SS and process specific SO4, BC, OC 

+ relative humidity RH 

Cond., coag. + cloud processing 
(solve continuity eq.)  

 
Size distribution and composition 
N(r)            
C(r)  
 
                        log r 
                   

 
 
             Optical parameters 
 
 
 
 
                                     

βext
ω
g

Radiative 
 forcing, W/m2 

Look-up 
tables 

Principle: Scheme 
for parameterized 
optical parameters 

λ)m(r,i+λ)n(r, ⋅

λ

Mie theory 

Seland et al. (2008)  
Kirkevåg et al. (2008)  



Cond., coag. + cloud processing 
(solve continuity eq.)    

  
  
Size distribution and  
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C(r)    log r 
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Radiative 
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Look-up tables: 
lognormally fitted N(r)  

Principle: Scheme  
for prognostic  
cloud droplet number 
concentrations (CDNC)  

Supersat 

CDNC=CCN(S)  

Scrit 

Rcrit 

dry radius 

Köhler theory 

∑ ∫
∞

k
kS,r

k rd
rd

dN=CCN(S) log
log

Calculated/realized S: 
from adiabatic lifting, assuming    
equilibrium between the 
particles and the environment 
(Abdul-Razzak and Ghan, 2000)  

From life cycle calculations: 
DU, SS and process specific SO4, BC, OC 

 

effective droplet radii, 
liquid water content 

Storelvmo et al. (2008)  
Hoose et al. (2009)  



DRF at TOA  

CTRL:  -0.07 W/m2 

 AeroCom                                          IPCC (CMIP5)  

Emissions:           2006 – 1850                                       2000 - 1850   

EmPD2000:  -0.10 W/m2 



Ctrl (AeroCom 2006)  IPCC 2000 (CMIP5) Ctrl – IPCC 2000  

-0.29 

-0.70 

Ctrl natOM – Ctrl  natOM (less natural OM)  

IndRF (W/m2) 
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-1.20 -1.90 

+ 
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Vertical distribution 

of aerosol extinction  

vs. CALIOP lidar 

http://aerocom.met.no/  
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