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Wild et al. 2005 

ñdimmingòñbrighteningò

Decrease in surface radiation 
(1950-1980)

Subsequent increase radiation 
(1980-2000)    

Stanhill and Cohen 2001, 

Liepert 2002, Wild et al 2005

Volcanic eruptions
El Chichón 1982 and Pinatubo 1991

Wild et al 2005, 2007

Linked to changes in cloudiness &
anthropogenic aerosol emissions
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Evidence of changing diffuse component
of global irradiance

Solar global irradiance =
Direct global + Diffuse global

Background Modelling the Impact of diffuse Radiation Changes
on the Terrestrial Carbon Sink



Measurements have shown plant 
productivity increases with increasing 
diffuse fraction (diffuse/total)

Diverse Ecosystems:

Temperate forest (Gu et al. 2003, Niyogi et al. 2004)

Crop lands (Niyogi et al. 2004)

Tropical forest (Oliveira et al. 2007)

Niyogi et al. 2004

High

Low

High LowWhy?
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Background Modelling the Impact of diffuse Radiation Changes 
on the Terrestrial Carbon Sink



Understory -shaded leaves

In clear sky: dark, many shadows

Canopy top-sunlit leaves
In clear sky: lots of light

Why plant productivity is enhanced under diffuse light ? 

Cloudy/aerosol laden sky
less light than under clear sky

Cloudy/aerosol laden sky
more uniform light, less shadows
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Shaded 
leaves
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leaves
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The response of photosynthesis to light

Why plant productivity is enhanced under diffuse light ? 
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Main Question

What is the Impact of Changes in Diffuse Radiation
on the Global Land Carbon Sink?

Three periods:

1 - Post Pinatubo event

2- Global dimming & brightening (1960 -2000)

3 - 21st century (future scenario) 
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Methods
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Model : JULES, land surface model UK Met Office GCM
Takes into account effects of changes of 
diffuse/direct radiation on photosynthesis

Forcing : CRU Climatology (Temperature, precipitation, cloud cover)

UK Met Office GCM reconstruction (20 th and 21st centuries)
Radiation SW and PAR direct and diffuse 
Tropospheric (5 species) & stratospheric aerosols ( GISS)

Model Validation: Radiation fields -In situ observations (GEBA data set) 
Carbon uptake - Eddy correlation flux data sites



Photosynthesis

CO2

Plant respiration

CO2

CO2

Soil respiration

(heterotrophic) 

RH

Net ecosystem exchange NEE

Terminology

Net Primary productivity (NPP)=

GPP-Plant respiration

RHNPP

Gross Primary productivity (GPP)=

Photosynthesis +leaf respiration
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Model Validation:   Eddy correlation flux data sites

Diffuse fraction > 0.7
Diffuse fraction < 0.25

Broad leaf forest data Knohl et al. 2001

Needle leaf forest data Rebmann et al. submitted

Sitka Spruce site, 
Wetzstein -Germany

Beech forest site, 
Hainich-Germany
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Results 1:  Impact of radiation changes -on land C sink Post-Pinatubo

Constant and variable diffuse fractionGlobal detrended flux anomalies:        

Diffuse radiation effect

Inferred land NEE

Temperature effect
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1992

NEE NPP RH

Regional detrended flux anomalies

Land sink :

Consistent with Cias et al. (1995) , Battle et al. (2000) , 

Lucht et al., (2002), Rodenbeck et al. (2003) 

Combination of effects :Temperature on RH and diffuse irradiance on NPP

NEE -92 (Temperate 50%, Tropics and SH 30%, boreal 20%)
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Results 1:  Impact of radiation changes -on land C sink Post-Pinatubo



Results 2ðImpacts of radiation changes over dimming/brightening periods

Dimming period Brightening period
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% change in diffuse fraction

Contribution of diffuse fraction change to land carbon accumulation [g C m -2 year -1]



Diffuse radiation             +23.7%
Reductions in total PAR   -14.4%
Net balance                     +9.3%

All variables

Diffuse fraction  

Total PAR

Contributions to global land sink

During 1960 -2000

Diffuse radiation fertilization overwhelms òglobal dimmingó
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Results 2ðImpacts of radiation changes over dimming & brightening periods :

Global SW and diffuse fraction


