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Change: Forcings, Feedbacks, and the 
Climate Benefits of Forests, Science Vol. 
320 no. 5882 pp. 1444-1449 



3



4



5LCA - Emissions and Impacts
From an environmental insult to stress or damage
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6LCA - Emissions and Impacts
From an environmental insult to stress or damage
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7Sliding and fixed time windows
Two perspectives 
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Sliding windows: impacts are assessed over a constant period of 
duration from the time of each individual emission.

Applied in LCA 



8Sliding and fixed time windows
Two perspectives 

time

C
on

ce
nt

ra
tio

n

Damage

TH

Fixed window: impacts are assessed over a fixed period of time. 

Climate scenario assessments. 
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 Regional climate modeling simulation 
of replacing annual crops with 
perennial crops in the U.S. Midwest for 
bioenergy (~84 Mha)

 Local and regional cooling from 
enhanced evapotranspiration

 Local, regional, and global cooling 
from higher surface albedo

 Results demonstrate that a thorough 
evaluation of costs and benefits of 
bioenergy-related LUC/LCC «must 
include potential impacts on the 
surface energy and H2O balance to 
comprehensively address important 
concerns for local, regional, and 
global climate change»

∆Ts, Annuals – perennial crops
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Key Points
• Multiple forcings need to be understood to 

understand climate impacts of bioenergy
• IPCC: GWP is forcing not warming per se 
• IPCC: GTP as alternative metric
• Time and damage perspective
• LC Impact assessment independent of CLCA or 

ALCA
• ESMs , RCMs needed to assess large scale land 

cover changes.
• LCA depend on these to do develop robust metrics.
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