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SUMMARY 

Surface albedo, the fraction of reflected to total incoming solar radiation at the surface, is a 

property that may be affected by activities related to the extraction or production of biomass.  

Changes to albedo and to atmospheric concentrations of non-condensing greenhouse gases are 

the two fundamental drivers of climate change. Already the widespread deforestation of the past 

1000 years has increased global albedo and cooled the earth.  Currently, the amplitude of surface 

albedo changes, and the radiative forcing generated by such changes, may be important relative 

to other radiative forcing (RF) components linked to bioenergy production, with potential positive 

or negative effects on the net climate footprint of bioenergy.  The report presents an overview of 

the drivers of albedo, reviews measured albedo changes linked to vegetation changes or to 

bioenergy production systems, and reports on studies that have calculated the relative 

contribution of change in albedo to the overall radiative forcing of bioenergy projects.   

 

The report covers a number of studies in which either a natural vegetation change and attending 

changes in albedo were observed, or vegetation was manipulated whether for the purpose of 

bioenergy production or not, but where albedo was also observed.  The studies are presented as 

part of five separate groups of activities: forest harvest residues, disturbance wood harvest, 

conventional tree harvest, forest conversions and open-field plantations of woody or herbaceous 

perennials.  A distinction is made systematically in the review as to whether or not the study was 

carried out in an area with some winter-time snow cover. 
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BIOMASS FEEDSTOCKS AND ALBEDO 

The impact of recovering forest harvest residues on surface albedo has, to our knowledge, 

never been investigated.  However, given the partial recovery rates, the usual quick regrowth of 

surface vegetation, and the snowpack cover or residues in high latitude countries, we believe that 

albedo effects of this practice are likely negligible.  A similar low impact would likely be associated 

with the harvest of disturbance-killed trees. By contrast, albedo increases following whole 

tree harvest in high latitude areas with significant winter snow cover could provide large cooling 

benefits, especially if the harvested trees are evergreen conifers. The albedo benefits would be 

less if harvested trees are deciduous, or if there is no snowpack. 

Forest conversions and open-field bioenergy plantations represent more diverse activities than 

those covered above.  In general, however, open-field plantation of woody vegetation in 

areas with winter snowpack will yield albedo-related positive climate forcing, while switching from 

a row crop to a grassy crop for bioenergy may or may not have albedo consequences.  As for 

forest conversions, it all depends on what replaces what exactly, but albedo changes resulting 

from an evergreen-to-deciduous conversion will generally generate a negative (cooling) climate 

forcing.   

RELATIVE IMPORTANCE OF ALBEDO 

The last question addressed by the report is the importance of albedo as a forcing agent in 

relation to the overall climate forcing of the bioenergy project.  Overall, it is evident that the 

relative importance of albedo radiative forcing will depend on the type of land cover changes that 

is carried out, including its permanent or ephemeral nature, and on the life-cycle GHG balance of 

the entire bioenergy product system.  For example, relative albedo RF contributions decrease with 

increasing fossil fuel intensity linked to the transportation, production, and distribution of biomass 

feedstocks and their bioenergy products.   

Of particular interest is a study in which 11 bioenergy systems were assessed, all of which 

included land use or land cover changes.  In most systems the albedo RF had a non-negligible 

cooling effect that was opposite in sign to that resulting from changes in the C-sink and life-cycle 

GHGs. In four of the 11 systems studied the albedo RF completely outweighed the C-sink and GHG 

RF.  Three of these four systems were perennial grass systems of the mid-western USA in which 

switchgrass replaced corn or soy in the production of liquid transportation fuels. 

CONCLUSIONS 

Albedo-driven radiative forcing can have a substantial positive or negative impact, and its 

determination must be carried out on a case-by-case basis.   In the case of bioenergy projects 

that include forest conversions, intensive silviculture or open-field plantations of woody 

vegetation, the presence or absence of snow can make a large difference on the albedo-related 

radiative forcing.  Finally, temporal dynamics of albedo usually differ from those of forcing agents 

linked to the carbon cycle.  Proper accounting of albedo effect over time in a bioenergy project will 

therefore require the use of an appropriate metric to properly represent the time dynamics of 

surface albedo within biomass systems. 

The full report can be obtained at the following address: 

http://task43.ieabioenergy.com/publications/albedo-effects-biomass-production-review-iea-

bioenergy-exco201702/  
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