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GHG Time Accounting    
“Tryin’ to make it real, compared to what?” 

US Department of Energy 

sequestration emission 

Conceptual chart by A. McBride and K. Kline, ORNL. 
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Global LUC emissions drop as data 

improves; still “guesstimates.” Fossil 

emissions up. 

Sources: (1) Le Quéré, C. et al. Nature Geosci.v2, 831–836 (2009).  (2) Friedlingstein et al. Nature Geosci.v3, 811–812, 

(Nov. 2010). 

 90% of current CO2 
emissions are from fossil 
fuels 

 Fossil share rapidly rising 

2009 Estimate 

(Ref 1, 2009) 

2010 Estimate 

(Ref 2, 2010) 

Shaded areas around lines represent 
estimated range of uncertainty 

Source for chart: Le Quéré, C. et al. Nature Geosci.v2, 831–836 (2009).  

    About 90% of current CO2 emissions are from 
fossil fuel; fossil share rapidly rising. Most 
comparisons ignore terrestrial sink (graph below) 

Shaded areas around lines represent estimated range of uncertainty 

Global land 
sink estimate 
varies each 
year with 
weather, but 
typically 
offsets 
estimated 
LUC 
emissions by 
a factor of 3 
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Forest Transition Model 

Sources:  adapted from Grainger 1998; Barbier et al. 2009 

• Downward slope driven by local context 

• Recovery more influenced by external factors 

• Effects of fire and other disturbances are significant but often 
   omitted from models 

•6 

Could biofuel markets and incentives for more productive management of 

previously cleared lands reduce fire and pressure on remaining forests?  

Effects of assumed ILUC penalties may be opposite of those desired.  

FIRE is a management tool for large areas of previously 

cleared, under-utilized land.   

Frequently burned, previously 

cleared land 

Managed agriculture 

Sources:  adapted from Grainger 1998; Barbier et al. 2009 

*** 330-430 million hectares burn each year *** (Giglio et al. 2010) 
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Economic theory versus reality: alternate ILUC scenarios 
are plausible, fit LUC theory (and hollow frontiers of first 

time conversion), and better fit available data  

Diagram adapted from 
M. O’Hare as presented   
in 2010 report  from the 
LUC Expert Work Group 
to the California ARB. 

gCO2e 

time 

fossil fuel 

biofuel 

ILUC – avoided deforestation and burning  

t 

gCO2e 

time 

Fossil fuel 

Biofuel emission 
profile = b + c - a 

b. Other emissions from biofuel production 

a. Emissions from land burning 
(baseline) 

Conceptual chart of plausible LUC effects by A. McBride and K. Kline, ORNL. 

Alternative ILUC theories dramatically alter biofuel 
emission  profile 
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gCO2e 

time 

Fossil fuel 

Biofuel emission 
profile = b + c - a 

a. Emissions from land burning 

Conceptual chart of plausible LUC effects by A. McBride and K. Kline, ORNL. 

Goal: Minimize total measurable emissions from 
renewable process (increase conversion efficiency and 

soil storage capacity) 

Common Solutions   
• Precision management 

• Tillage intensity 

• Crop mix, rotations, cover crops 

• Land restoration 

• Technology (plants, microbes, biochar) 

Improve soil 
& water 

management 

• Reduce inputs/increase yields 

• Open, transparent markets  

• Minimize transaction costs 

• Prioritize, incentivize, measure 

Increase 
Efficiency 

• Uses & markets 

• Substitution options 

• Bases of production  
Diversify 

• Multi-scale 

• Long term & adaptive 

• Integrated land-use plans 

Adopt 
Systems 

Perspective 
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“With the benefit of hindsight, we may discover that indirect 
LUC penalties not only lack scientific basis, but also undermine 
their intended purpose by creating market uncertainty for 
cleaner alternatives to fossil fuels and by displacing direct 
performance incentives to improve land management with a 
complex and costly regulatory framework based on “double 
guessing” that cannot be verified, measured or managed.” 

Thank you 

 Reports  

 Forums 

 Other presentations 

 Recent publications 

http://www.ornl.gov/sci/besd/cbes 

This research was supported by the U.S. Department of 
Energy (DOE) under the Office of the Biomass Program and 
performed at Oak Ridge National Laboratory (ORNL). Oak 
Ridge National Laboratory is managed by the UT-Battelle, 
LLC, for DOE under contract DE-AC05-00OR22725. The 
views in this presentation are those of the author, who is 
responsible for any errors or omissions.  
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 Additional Slides 
 
These slides were not shown at the IEA 
workshop.  
 
They provide references and some 
supporting data about LUC trends from 
recent USDA reports.  
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Source:  USDA ERS 2011. http://www.ers.usda.gov/publications/eib89/   

Expectations 
about 
relative 
prices and 
risks affect 
choices of 
what to grow 
on previously 
defined 
agricultural 
landscapes, 
but have little 
or no effect 
on total area 
dedicated to 
agriculture 

Wallander et al. 2011. The Ethanol Decade: An Expansion of U.S. Corn Production, 2000-09. EIB-79. 
Economic Research Service/USDA, August, 2011. 

http://www.ers.usda.gov/publications/eib89/
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Wallander et al. 2011. The Ethanol Decade: An Expansion of U.S. Corn Production, 2000-09. EIB-79. 
Economic Research Service/USDA, August, 2011. 

Direction of shift between soy and corn 
depends on choice of start/end years Corn expanding 

to displace soy 

 

Wallander et al. 2011. The Ethanol Decade: An Expansion of U.S. Corn Production, 2000-09. EIB-79. 
Economic Research Service/USDA, August, 2011. 

Direction of shift between soy and corn 
depends on choice of start/end years 

Soy expanding to 
displace corn 
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19 Managed by UT-Battelle 
for the Department of Energy 

Looking at trends over time 

(representations in model specifications) 

 
• Biofuel “shock” in 

demand?  

• Different biofuel policies 
have distinct land-use & 
economic/ welfare 
implications 

• Different ways to 
specify policies in a 
model may have 
greater effects than 
policy per se 

• Policy specifications 
(assumptions & 
scenarios) must be 
calibrated & validated to 
reflect actual policies 

 

         ORNL Chart based on USDA data (A.McBride)  

US total planted area (shaded) and production (red line) 
of major crops: barley, corn, cotton, oats, rice, sorghum, 
soybeans and wheat 
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