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Aerosol – radiation - photosynthesis link
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Data sets: 5 stations in boreal
and hemiboreal forests
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SMEAR I

Finland √ √ √ √
SMEAR II,

Finland √ √ √ √
SMEAR 

Estonia √ √ √ √
Zotino, 

Russia - √ √ √
Fonovaya

Russia √ √ - √SMEAR Estonia and Fonovaya – mixed forests,

SMEAR I, II and Zotino – coniferous forests



1) Aerosol – solar radiation link.

2) Solar radiation – photosynthesis link.

3) Estimates of the maximum diffuse radiation
effect on GPP.



Separation of clear and cloudy days: 
simplified clear-sky model Solis

Model Solis (uses AOD and PW)

gives reasonable results on clear

days.

Globalmeasured≈Globalmodelled

Is it a good criterion of clear sky?

Measured diffuse fraction is

higher than it should be under

clear sky for the same AOD!

Cloudy day: measured global

radiation can be close to

modelled.

Diffuse radiation is high for

cloud-contaminated points



Effect of aerosol loading on the diffuse
fraction of solar radiation

Red – modelled points – clear sky,

Blue – measured points – clear sky + cloud contamination

effect.

- Diffuse fraction of solar radiation increases from 10% 

to 27% with increasing aerosol loading;

- Cloud-affected points hinder significance of this

growing dependence (0.44 < R < 0.69 for modelled

points, and 0.18 < R < 0.33 for measured points).

Condensation sink (CS) is a parameter proportional to 

aerosol surface (used in this analisys instead of AOD).



1) Aerosol – solar radiation link.

2) Solar radiation – photosynthesis link.

3) Estimates of the maximum diffuse radiation
effect on GPP.



Solar radiation – photosynthesis link: 
Light Use Efficiency (LUE)

Steeper slopes for mixed forests: 

0.025-0.028 as compared to 0.014-0.016 

for conifers

GPP = LUE * PAR

LUE increases with increasing diffuse fraction.



Solar radiation – photosynthesis link: 
Photosynthetically Active Radiation (PAR)

PAR decreases with increasing diffuse 

fraction.

PAR dependencies on the diffuse fraction 

are similar at all sites except SMEAR I –
the site at the highest latitude



Solar radiation – photosynthesis link: 
Gross Primary Production (GPP)
GPP = LUE * PAR

• Effect of diffuse radiation: gain in GPP from

~10% (SMEAR II) to ~30% (SMEAR Estonia and

Fonovaya).

• 6 – 14% increase in GPP is due to the direct

aerosol effect.

Example of GPP vs Rd/Rg

dependence for SMEAR I



1) Aerosol – solar radiation link.

2) Solar radiation – photosynthesis link.

3) Estimates of the maximum diffuse radiation
effect on GPP.



For a parabola-shaped dependence: 

LUE = L1 + L2 (Rd/Rg), 

PAR = R1 - R2 (Rd/Rg).

Maximum GPP corresponds to 

(Rd/Rg)max = - 0.5 (L1/L2 - R1/R2).

R1/R2 ≈ 1.4 as for all sites except SMEAR I => 

For a GPP dependence to have a maximum:

L1/L2<1.2 or L2>L1/1.2 – should be significant

gain in LUE under diffuse radiation

Constraints on the diffuse radiation
enhancement of GPP

L1

L2

R2
R1

For our sites

L1/L2 ≈ 0.34-0.59



Conclusions
We have confirmed the link between aerosol loading, solar radiation and GPP
from ground-based observations.

Increase in aerosol loading leads to an increase in the diffuse fraction of solar
radiation from 0.1 to 0.27 on clear days. Further increase in diffuse fraction is
due to clouds.

Increase in the diffuse fraction of solar radiation leads to an increase in gross
primary production up to 10 - 30% at all sites. The increase due to the direct
aerosol effect is 6 -14%.

LUE increase under diffuse radiation conditions imposes constraints on a
maximum GPP.



Focus of Research

Our research is focused on the quantification of climate feedback loops using atmospheric 
observations in boreal forests. Our aims are to improve our understanding on the complex biosphere-
atmosphere interactions and provide results which can be utilized for verification of current 
modelling and satellite data analysis.

Key Challenges

Observations in boreal forests are sparse: only five sites in boreal forests of Eurasia currently run 
measurements, which at least partially cover the needs of multidisciplinary approach. Working with 
data from several sites allows tracking processes and trends that are common for different sites.

Suggestion to Address these Challenges

If possible - have more measurement sites and more collaborations. Clustering of already existing 
measurements run by different research groups and joining efforts towards understanding on the 
critical processes in cool forests and the mechanisms controlling these processes.


