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EUCAARI questions concerning 
nucleation

1. What are the relative contributions of primary and 
secondary aerosol to CCN?

2. How sensitive are different models to BL nucleation, and 
specifically the mechanism?

3. Can the intensive EUCAARI/EUSAR observations 
constrain the contribution of nucleation within the 
uncertainty of the mechanism and rate?

4. Similar set of questions for FT nucleation 



Why is nucleation important?
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1. Nucleation is a substantial source of CCN
2. Changes in CCN determine the aerosol indirect forcing
3. Nucleation is susceptible to many environmental changes (H2 SO4 , 

organics, condensation sink, T, RH, ions, etc) so long term aerosol 
radiative forcing is “interesting”



Our current understanding of 
nucleation (CN)



Our current understanding of 
nucleation (CCN)
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CCN from different sources



Global CN observations

Free trop Marine   
boundary layer

Continental 
boundary layer

36 surface stations with at least 1 year of CN data 

Spracklen et al., ACP 2010



Primary emissions only Primary + BHN Increased EC/OC primary + BHN

Primary + BHN + increased primary SO4 Primary + BHN + BLN-lin Primary + BHN + BLN-kin

Predicted CN with different emissions 
and nucleation mechanisms



CN seasonal cycle at continental sites

Primary + BHN
Primary + BHN 
+ BLN



Correlation of seasonal CN 
variation (36 global sites)

Nucleation 
needed to explain 
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cycle

More difficult to 
identify best 
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Primary only

Spracklen et al., ACP 2010



Approach

1. Test several new as well as existing “mechanisms” from 
EUCAARI in a range of models

2. Compare models against each other and observations, 
focusing on European BL

Key quantities and challenges
1. Emphasise N50, N100 etc more than N3 (climate-relevant)

2. Nx-50 to test nucleation realism

3. Seasonal / diurnal cycle, variability (e.g., N50 pdf) 

4. Needs output at fairly high time resolution (~hours) 

5. Extension of the AEROCOM microphysics experiments



Example EUSAR data

Plots from Ari Asmi



First analysis of 
EUCAARI/EUSAR data 

May 2008 campaign

~2 weeks of stable anticyclone, 
very polluted, followed by 
weak frontal period

Falcon, ATR and Bae-146 
aircraft data

CN, size distributions, BC, 
non-volatiles, etc

15 EUSAR ground stations

CN, size distributions…



Questions for the EUCAARI analysis

1. What is the contribution of BL nucleation to N3, N50, 
N100, N160?

2. Is there a statistically significant contribution within the 
uncertainty of
1. The size of primary emitted BCOC particles,

2. The nucleation mechanism?
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Note: there’s no obvious 
peak at the size of emitted 
primary particles 

Note: there’s no obvious 
peak at the size of emitted 
primary particles



All-site monthly mean



Non-volatile particles >14 nm 
(Falcon all-flight mean vertical profile)

observations

BCOC_hi

BCOC_lo

BCOC_vlo



Sensitivity to BCOC emission sizes
Colour of dot shows model-observation Normalised Mean Bias

N3

N50

N100BCOC sizelarge small



Significance of model-observation 
differences
Compare model and observation hourly time series. Where are they 
significantly different at 95% level? 

Different
Not different



Summary numbers

Adding BL nucleation increases N50 by 5-50%, but this is 
statistically significant against the data at only 3 out of the 
15 sites

N100 increases by 3-17% and is significant at 5 sites



The EUCAARI / AEROCOM 
BL nucleation intercomparison

1. What are the relative contributions of primary and secondary aerosol to 
CCN?

2. How sensitive are different models (CCN, AOD) to BL nucleation, and 
specifically the mechanism?

Model experiments
1. 2008 nudged with 2000 emissions

2. 4 simple BL nucleation expressions, or none

Evaluation Data
1. 2008 EUSAR data, global 36 station CN

2. Focus on N3, N50, N100

Timeline
EUCAARI report needed by ~February 2011

Protocol to be sent out very soon
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