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From trees to cloud seeds...

Biogenic volatile organic 
compounds (BVOC)

Isoprene
C5H8Monoterpenes

C10H16

Secondary organic 
aerosol (SOA)

Cloud condensation 
nuclei (CCN)
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Why do these cloud seeds matter for climate?

[Boucher et al 2013]
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Why do we need to research it?

• Aerosols in general and in particular aerosol-cloud 

interactions are the largest source of uncertainty

• Models disagree on magnitude

What is forcing? A human or naturally induced change 

to the top of the atmosphere radiative imbalance.

What is a feedback? Is initiated by the temperature 

change in and of itself [W/m2/K]

[Myhre et al 2013, IPCC]
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Why do we need to research aerosols from BVOCs in 
particular?

• As a forcer:

• Part of natural aerosol baseline

• Changes with land use change

• As a feedback:

• Strong dependency on temperature

• Changes with vegetation change

• Relatively newly entered the ESMs

• Much uncertainty

• Total mass yield? 

• Oxidation and volatility of products?

• Aging?

• Contribution to nucleation/early growth?
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But does it matter in the big scheme of things?

• Matters for climate sensitivity – both as 

feedback and by affecting forcing estimates

• Climate sensitivity matters for carbon budget

• Matters for estimated effect warming/cooling 

due to aerosols in the future

• In sum: Yes.

[Matthews et al 2021]
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Assessing the BVOC feedback
(M. Sporre, S. Blichner et al 2019)

Experminents:

• +SST

• 2xCO2

• both

May 12, 2021 9



Global average BVOC emissions

• Interactive BVOC leads to almost a doubling of emissions

• Notice large effect of CO2 fertilization, especially on 
monoterpene.
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Results
• With both 

+SST and 2xCO2 

we found a 

-0.43 W/m2 

net cloud radiative effect

(approximately offsetting 13 % of a doubling of CO2)

• Total aerosol radiative effect is 

–0.49 W/m2

• Cloud radiative effect is particularly strong 

(locally) in the Artic

Δ Direct radiative effect

Δ Cloud radiative effect
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However: what are the model 
uncertainties?

• Sensitivity study with three ESMs:

• NorESM

• EC-Earth

• ECHAM

• Similar BVOC-SOA treatment

• Though NorESM has a higher SOA 
production than the others (85 vs 52 
Tg/y)

Sensitivity tests:
• Yield higher (50% increase in SOA yields)
• Yields lower(50% decrease in SOA yields)
• No ELVOC (no SOA can contribute to nucleation)
• No isoprene (turn of isoprene emissions)
• No monoterp (turn of monoterp emissions)
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Number of aerosol which become activated highly dependent 
on aerosol properties (size, hygroscopicity etc) and updrafts
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No isoprene:

• All models show Aitken mode 

shifting to smaller sizes

• EC-Earth and ECHAM also get 

enhanced NPF (total number 

increases) 

• Not NorESM

• EC-Earth has a cooling due to 

activation of much smaller particles 

than the other models

• ECHAM has same pattern, but 

much larger activation diameter
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Summary so far...

The BVOC feedback in NorESM can offset as much as 13 % 

of a doubling of CO2

BUT, sensitivity study shows that this may be very 

uncertain

The sensitivity to changes in SOA parameterization are a 

combination of

● Activation diameter (dependent on baseline aerosol 

population + updrafts)

● New particle formation vs condensational growth – is 

the mass added where it matters?

Large inter model differences, even with similar structure
Notice something missing in NorESM
compared to the other models?
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Effect of BVOCs depends on increase in aerosol mass versus 
aerosol number

● New particle formation (NPF) is 

the formation of a new aerosols from 

the gas phase in the atmosphere

● May be very important for CCN 

concentration
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Effect of BVOCs depends on increase in aerosol mass versus 
aerosol number
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[Ehn et al 2014]

● New particle formation (NPF) is 

the formation of a new aerosols from 

the gas phase in the atmosphere

● May be very important for CCN 

concentration



Combining a sectional scheme and modal scheme 
(Blichner et al, accepted)

• NorESM lacking large step during early growth

• Important because:

• Growth might take several timesteps

• During these timesteps:

• mixing

• change in vapour concentrations

• coagulation sink

• …

• OsloAeroSec: Added sectional intermediate step 

on the way

• Motivation: add realism to this crucial step while 

keeping computational costs low
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Modal vs. Sectional 
schemes

• Modal schemes are common in ESMs 

because they are computationally 

cheap

• Sectional schemes are more 

physical correct but more expensive

• Modal schemes are known to have 

some issues in representing 

nucleation mode growth
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Combining a sectional scheme and modal scheme (Blichner et 
al, accepted)

• NorESM lacking large step during early growth

• Important because:

• Growth might take several timesteps

• During these timesteps:

• mixing

• change in vapour concentrations

• coagulation sink

• …

• OsloAeroSec: Added sectional intermediate step 

on the way

• Motivation: add realism to this crucial step while 

keeping computational costs low
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OsloAeroSec performs better compared to observations

Comparison two years of station data for 24 

stations. (Blichner et al, accepted)

- Modelled CCN relevant 
sizes (above 50 nm) 
particle concentration 
clearly improve(!)

- Are number 
concentrations decreasing 
everywhere with 
OsloAeroSec?

versions of 

the default 

model

New 

scheme



Fewer particles in polluted regions, more in remote

● Reduction in number of particles in polluted 

regions

● Increase in very clean regions

● Likely related to coagulation sink

More particles in the pre-
industrial atmosphere?
Will this influence ERFaci?
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Reduced aerosol forcing with new scheme
(Blichner et al 2021, in discussion)

Global effective 
radiative forcing 
from cloud-
aerosol 
interactions

Global average profile of NPF particles

● Reduces the change in 

particle number

● Reduction in ERFaci of 0.13 

W/m2 compared to 

original

● Why?
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NPF both enhances and 
suppresses activation

Relative change CDNCRelative change N100 and N200
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What about the 
sensitivities?

First column is increase/decrease of SOA yields 
(organics), second column is increase/decrease in 
SO2 emissions.

• Surprisingly similar change in net cloud radiative 
effect (top row)

• Number of NPF particles more dependent on 
organics though
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Climate and trees in the future?

Emission side:

• As anthropogenic emissions go down, we 

expect organic aerosol to be more 

important (like PI)

• Knowing the change in vegetation is vital 

to knowing the feedback strength

• PI to PD the change in CO2 fertilization in 

CLM turns out to be more important than 

the land use change for BVOC emissions... 

Realistic?

Aerosol side:

• Need to constrain better both the 

chemistry and the aerosol physics in our 

models to better constrain the influence of 

organics

• Highly sensitive to sizedistribution, 

updrafts, geographical distribution etc.

• May need volatilty?

• High diversity in models... Not really solved 

with my new scheme :-C
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Summary

• Aerosols from BVOC may have large impact through feedback, but model uncertainties are large, 

especially concerning impact on NPF

• OsloAeroSec does better compared to observations in CCN relevant sizes, reducing the substantial high 

bias in the original model

• Spatial distribution of NPF changes

• Overall reduction in ERF is due to combination of

• + NPF where NPF enhances activation

• - NPF where NPF suppresses activation

• Anthropogenic emissions increases hygroscopicity and thus relevance of NPF particles for activation in PD 

atmosphere
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Thank you for listening !
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Initial thought: this is quite simple...

Expected two competing actors to be important:

1) "Cleaner" base line → higher sensitivity to increases

2) Smaller increase in particles between PI and PD → lower 

increase in CDNC

But, OsloAeroSec actually activates more particles both in the pre-

industrial and most of present day atmosphere in spite of less 

particles less total particles

Relative change N100

Relative change CDNC
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Why is activation different in PI and PD? 

Relative change CDNC

Increase in anthropogenic H2SO4 in PD 
-> increases hygroscopicity

--> changes activation diameter!
Surprisingly, NPF is more cloud relevant in present day 
atmosphere.
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• How can my research improve 

modelling with a better vegetation 

model?
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