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            Abstract
Plant photosynthesis tends to increase with irradiance. However, recent theoretical and observational studies have demonstrated that photosynthesis is also more efficient under diffuse light conditions1,2,3,4,5. Changes in cloud cover or atmospheric aerosol loadings, arising from either volcanic or anthropogenic emissions, alter both the total photosynthetically active radiation reaching the surface and the fraction of this radiation that is diffuse, with uncertain overall effects on global plant productivity and the land carbon sink. Here we estimate the impact of variations in diffuse fraction on the land carbon sink using a global model modified to account for the effects of variations in both direct and diffuse radiation on canopy photosynthesis. We estimate that variations in diffuse fraction, associated largely with the â€˜global dimmingâ€™ period6,7,8, enhanced the land carbon sink by approximately one-quarter between 1960 and 1999. However, under a climate mitigation scenario for the twenty-first century in which sulphate aerosols decline before atmospheric CO2 is stabilized, this â€˜diffuse-radiationâ€™ fertilization effect declines rapidly to near zero by the end of the twenty-first century.
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                    Figure 1: 
                        JULES model evaluation against observations.
                      


Figure 2: 
                        Net ecosystem exchange (NEE) and net primary productivity (NPP).
                      


Figure 3: 
                        Impact of changes in diffuse fraction on the land carbon sink during the twentieth century.
                      


Figure 4: 
                        Historical and twenty-first-century projections (according to the ENSEMBLES A1B-450 stabilization scenario).
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        Editorial Summary
A dim view of global warming
Increased exposure to solar radiation generally increases plant photosynthesis, but not all forms of radiation are equally effective. In particular, field studies have demonstrated that a given amount of diffuse radiation leads to more fixed carbon than direct radiation. Mercado et al. use the HadGEM2-A general circulation model to simulate the effect of late twentieth century 'global dimming' and associated increases in the diffuse radiation fraction on global carbon storage. They find that increases in diffuse radiation enhanced the terrestrial carbon sink by about 25%. Paradoxically, reducing anthropogenic pollution in the future would reduce this diffuse radiation effect, thereby creating a positive feedback to global warming.
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