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Modelling total particle number (CN)

Continental, USA Marine, N. Atlantic
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Presenter
Presentation Notes
Before discussing how we understand CCN formation in our model, I will first describe how we model the total particle number. So there are all the different mechanism that lead to emissions of primary particles (sea-salt, dust, OC, BC, sulfates). Here I have a some measured vertical profiles of total particle number against height. The left hand one shows measurements over continental US, and the right hand one over North Atlantic. Here is the boundary layer and these profiles go up to upper troposprehe. Now, including only primary emissions into the model cannot explain observed CN, and actually very few primary particles ever reach heights over ~6 km. So we need a nucleation mechanism that makes particles in the upper troposphere. 
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Presenter
Presentation Notes
Now, including only primary emissions into the model cannot explain observed CN, and actually very few primary particles ever reach heights over ~6 km. So we need a nucleation mechanism that makes particles in the upper troposphere. 
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Modelling total particle number (CN)
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Presenter
Presentation Notes
When we include binary homogeneous nucleation of sulfuric acid and water, we get a rather OK agreement with the measurements in UT. The nucleation zone for this mechanisms is here, and it doesn’t really take place in the boundary layer because the temperature is too high in there. But UT nucleated particles entrain to boundary layer and increase the boundary layer consentrations significantly. However, ever after including this mechanisms we are about an order of magnitude too low in CN at the boundary layer, so we need another nucleation mechanisms in the boundary layer. So we include either activation H2SO4 nucleation in the BL. This is an observation-based phenomenological nucleation parameterization that can explain nucleation events in the BL, and this inclusion of this mechanisms can explain boundary layer concentrations fairly nicely.  
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Presenter
Presentation Notes
The nucleation zone for activation nucleation is here, and we limit this mechanisms into the boundary layer. Graham showed some figures on Monday about how we can best understand measured total particle concentrations and their monthly and daily variation.  


GLOMAP vs. observations of total mn
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DPercentage of primary vs. nucleated CN in n
BL (all particles over 3 nm) UNIVERSITY OF LEEDS

Model giving the best representation of measured CN in 35 sites:

CN from both nucleation sources
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Nucleated particles dominate ground level total aerosol
concentrations nearly everywhere

However, most of them are small and have no impact on
climate
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Presentation Notes
What’s the contribution of nucleation vs. Primary particles to total particle concentrations according to the model that best fits the observations? It appears the most of atmospheric aerosols originate from nucleation (As a global average 3 quarters of all boundary layer particles originate from nucleation). However, most of the nucleated particles are small and have no impact on climate. 
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Primary particles as a source of CCN

For particles to act as cloud condensation nuclei (CCN), they need to be:

1. Fairly “big” (over ~70nm in diameter) -Nucleated particles are
born “small”, while primaries are typically “big”

2. Water soluble — composition matters

PRIMARY PARTICLES

Soluble Unsoluble  Partially soluble More soluble
Sulfate, sea salt OC, BC, dust
) )
N

Coagulation Condensation aging
(H2S04 & secondary organics)


Presenter
Presentation Notes
For particles to act as cloud condensation nuclei (CCN), they need to be fairly big (in relative terms, over ~50nm in diameter). Nucleated particles are born small and need to grow through condensation to become CCN. However, promary particles are large from the beginning. But particles also need to be water soluble. 


Observed and modelled global CCN

BC/OC not condensation aged
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Importance of secondary organics

Measured vs. modelled aerosol size distributions:
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Sulfate mass vs CCN

Spatial footprint of sulfate mass emitted from a particular region is
completely different from the footprint of CCN produced by the
emissions.
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Sulfate burden potential 0.89 0.93 0.59
CCN potential 0.1 0.06 0.08
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Presentation Notes
Spatial footprint of sulfate mass from a particular region is completely different from the footprint of the particle number produced by the emissions.


Boundary layer CCN

We use the constrained model to estimate the impact of nucleation vs.

primary emissions on CCN
A: Total CCN (0.2 %) B: CCN(0.2 %) from Primaries
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C: CCN(0.2 %) from UTN D: CCN(0.2 %) from BLN
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A: Global CCN(0.2%)  B:Continental CCN(0.2%) C: Marine CCN(0.2%)
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Percentage of primary versus nucleated I
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CCN(0.2%) from nucleation sources = CCN(0.2%) from primary particles
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Primary particles dominate CCN over most land areas, but nucleation
dominates over midlatitude oceans

J. Merikanto et al., ACPD 2009



BL vs. UT nucleated CCN UNIVERSITY OF LEEDS

CCN production from upper tropospheric and boundary layer nucleation:

CCN from UTN CCN from BLN
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J. Merikanto et al., ACPD 2009

Most of nucleated boundary layer CCN is produced in upper
troposphere

BLN also contributes to over 30% of CCN in some regions



Interactions between CCN mn
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production mechanisms

CCN production by boundary layer nucleation is greatly
suppressed by primary particles.

~70nm CCN
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