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S1 Model information 

Earth System 

Model 

Species Description of emission parameterisation 

(Dependence on wind, temperature, vegetation, soil moisture …) 

References 

CNRM-ESM2 Sea Salt 
three particle 

size bins (boundaries of 0.03–0.5, 0.5–5, 5–20 μm), desert 

dust also has three size bins (0.03–0.5, 0.5–0.9, 0.9–20 μm), 

and the boundaries given are for dry particles; however, the 

ambient humidity is taken into account in the computation of 

the aerosol optical properties. 

(Grythe et al., 

2014) 
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Dust Mineral dust is  described by 6 bins modes from radius size of 0.05 

um to 50 um.  

(Michou et al., 

2014) 

DMS Prescribed  (Kettle et al., 

1999) 

Vegetation 

VOC and 

OC 

Climatology of biogenic secondary organic aerosol is taken from 

(Dentener et al., 2006) and doubled to give an overall source of 38 Tg 

SOA per year. 

(Dentener et 

al., 2006) 

Marine 

VOC and 

OC 

 

 

 

UKESM1 Sea Salt Primary emissions of sea-salt aerosols are calculated using the bin-

resolved, windspeed-dependent flux parameterization. 

(Gong, 2003) 

Dust Mineral dust is described by a sectional/bin approach with 6 bins 

from size 0.0316 um to 31.6 um.  

(Woodward, 

2001) 

DMS DMS are simulated interactively by the ocean biogeochemistry 

component, MEDUSA, 

(Anderson et 

al., 2001) 

Vegetation 

VOC and 

OC 

Emissions of monoterpenes and isoprene are generated by the 

interactive vegetation scheme. Monoterpene emissions are 

dependent on PAR and temperature whilst isoprene emissions are 

linked to photosynthesis rates. Monoterpenes are oxidised to 

generate condensable secondary organic material with a 13% molar 

yield; the yield is doubled to compensate for the lack of SOA 

produced by isoprene oxidation.   

(Guenther, 

1995; Pacifico 

et al., 2011) 

Marine 

VOC and 

OC 

The organic mass fraction of the emitted sea spray aerosol, (Gantt et al., 

2011, 2012) 
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is calculated as a function of the biological productivity (based on 

surface chlorophyll-a), the 10 m windspeed) and the sea-salt dry 

diameter. 

MIROC6 Sea Salt  (Monahan, 

1986) 

Dust 6 radii from 0.1 to 10 μm   

DMS Dependence on downward solar flux  (Bates et al., 

1987) 

Vegetation 

VOC and 

OC 

Global Emissions Inventory Activity (GEIA) (Guenther, 

1995) 

Marine 

VOC and 

OC 

Dependence on chlorophyll (Gantt et al., 

2012) 

NorESM2 Sea Salt Modal description of sea-salt with 3 modes (number median dry radii 

of 0.048, 0.30 and 0.75 um).  Emissions depend on wind speed and 

sea-surface temperature. 

(Kirkevåg et 

al., 2018; 

Salter et al., 

2015) 

Dust Modal description of mineral dust with 2 modes: accumulation and 

coarse (number mean dry radii of 1.59 and 2.0 um).  Emissions based 

on DEAD model.  

(Kirkevåg et 

al., 2018; 

Zender et al., 

2003) 

DMS DMS ocean concentration calculated by the ocean biogeochemistry 

module iHAMOCC. 

Tjiputra et al., 

submitted 
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(Nightingale 

et al., 2000) 

Vegetation 

VOC and 

OC 

Emissions of monoterpenes and isoprene are generated interactively 

by the MEGAN algorithm within the Community Land Model (CLM5). (Guenther et 

al., 2012; 

Kirkevåg et al., 

2018) 

Marine 

VOC and 

OC 

Primary organic upper ocean concentrations are based on a 

chlorofyl-a climatology.   

(O’Dowd et 

al., 2008) 

GFDL-ESM4 Sea Salt 

Sea salt is described in 5 bins with the following radii (0.1-0.5, 0.5-

1,1-2,2-5,5-10 um). Emissions are modulated by sea surface 

temperature. 

 

(Jaeglé et al., 

2011; 

Monahan and 

Muircheartaig

h, 1980) 

Dust Bin/modal scheme (Reference) 

Horowitz et al. 

(in 

preparation) 

 

DMS Prescribed sea water concentations 

Horowitz et al. 

(in 

preparation) 

 

Vegetation 

VOC and 

OC 

Emissions of isoprene and monoterpenes are calculated online 

in GFDL-ESM4 using the Model of Emissions of Gases and 

Aerosols from Nature (MEGAN; Guenther et al., 2006), as a 

function of simulated air temperature and shortwave radiative 

fluxes. 

(Guenther et 

al., 2012) 

Marine 

VOC and 

OC 

  

 25 
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S2 Figures in support of analysis in section 4 of the main text. 

S2.1 Dust 

 

Figure S1: Effective radiative forcing from 2xdust experiments. Top: ERF for each model. Bottom: ERF divided by AOD for each 30 
model. 

 

 Fig S2: Difference in 10m-wind speeds for 4xCO2. Shown are the difference for 4xCO2 against the pre-industrial climatology for 

(left) CNRM-ESM2 and (right) UKESM1 in the (top) 90% percentile and (bottom) mean of the monthly mean 10m-winds. 
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S2.2 Biogenic VOCs 35 

 

Figure S3: Multi-model mean difference in CDNC from piClim-2xVOC vs piClim-control. 
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