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1. Representation of policy in model specifications 

2. Economic decision-making assumptions  

3. Conceptual framework for drivers of initial conversion 

4. Land supply & management specifications 

5. Assumed land use dynamics (scenarios, baseline choice) 

6. Modeling yield change  

7. Issues of time, scale 

8. Fire & other disturbances 

9. Correlation versus causation 

10.  Many, many data issues to resolve  
 

     ς See IEA Joint Task 38-40-43 presentation on LUC ς  
http://ieabioenergy-task38.org/workshops/campinas2011/   

What are effects of  
bioenergy policy on land? 

 
 

It d epends  

 



nature 

Å  Close ΨȅƛŜƭŘ ƎŀǇǎΩ ƻƴ ǳƴŘŜǊǇŜǊŦƻǊƳƛƴƎ lands 

Å  Increase cropping efficiency 

Å  Reduce waste 

Å  Halt expansion into sensitive ecosystems, forests 

I would add:  5ƛǾŜǊǎƛŦȅΣ ǊŜŘǳŎŜ ƳŀǊƪŜǘ ǾƻƭŀǘƛƭƛǘȅΧ 

See CRC abstract:  Despite uncertainty and strong disagreements on ILUC, there 
are many important measures on which diverse stakeholders CAN AGREE 
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Land -Use Change Analyses  

 
¶LUC  and ILUC ï definitions?   

Change compared to what? 

¶Model assumptions and scenarios versus  
 - current reality ? 
 - desired future ? 

¶What LUC is most important? 
Most concerns (and emissions) are associated 

with deforestation 

¶What really drives deforestation?  

Requires causal analysis 

¶ Important to ñget it rightò to be effective  

Good intentions to avoid unintended consequences 
can lead to other unintended consequences 

 



Threats to forests: local governance 

(policy, corruption, poverty, insecurity), 

fire and pestsé 

 

 Solutions: 
ïRural livelihoods* 

ïLand tenure  

ï Improve governance, 

local participation and  

capacity, enforcement 

ïLand-use plans, soil 

management, productive  

uses to reduce fire* 

ï Inventory & protect  

key conservation areas*  

 

Source:  Kline, 2008 California Biomass Collaborative., based on USAID-FAA Sec. 118/119 Reports for 2000-2008.   

FAO 2010c. See FAO forest management and conservation best practices: http://www.fao.org/bestpractices/content/05/05_02_en.htm   

*Bioenergy policy could help 

http://www.fao.org/bestpractices/content/05/05_02_en.htm
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Available Land & Estimated ILUC  

Ą Africa, Latin America, Asia  

ÅModels assume land is privately owned 
& managed rationally  
for profité but most forests 
are public property 

ü Public land clearing is  
either (a) illegal or  
(b) policy-driven 

ÅConvergence toward  
reality (?) How to include:  

Å Market failures 

Å Public land issues  

Å Variable effects of  
bioenergy policy depending  
on access to information,  
markets, tenure, security, and  
enforcement, among others 

 

Figure:  Agrawal et al., 2008, Science 320 

(based on FAO data)  



Cultural     Technical     Biophysical      Political      Economic   Demographic

Filter ïTemporal & Spatial Scale

START: Extract 

nonrenewable 

resources

Overuse?

Respond to

markets

Recuperate

Access -

slash & burn ag

Informal

land markets

Land 

Speculation

Consolidate

tenure &

Investments

Develop

Sustainable 

systems

Frontier land-use change

-incremental degradation fire

Conceptual framework for drivers of 

initial conversion  

ÅKey drivers: local social, 
biophysical, political, 
legal, demographic & 
economic forces 

ÅModels use global price 
effects to estimate LUC ï 
conversion 

ÅTo estimate LUC, models 
should reflect how 
bioenergy policies interact 
with drivers of first-time 
conversion at local scales 

ÅNo single model adequately explains global deforestation, but 
empirically-based models can explain LUC at regional & local scales  



Å8 

Alternative perspectives:  Forest Transition Model 

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

Å Downward slope driven by local context 

Å Recovery more influenced by external factors  



Å9 

Biofuel markets and other incentives for more productive 

management of previously cleared lands, can reduce fire and 

pressure on remaining forests. Policy effects may be 

opposite of those assumed in current models.  

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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Putting global land factors into 

perspective  

ÅModels define land assets by ñrentsò 

ÅModels assume land is fully & 
optimally used 

ÅNeed to incorporate full land supply & 
potential productivity 

ÅNeed to consider multiple uses, urban 
food production, & double or triple 
cropping opportunities 

ÅNeed to simulate farm-management 
strategies that increase production 
without expansion  

Å Shifts in rotations 

Å More efficient use of field edges, idle land 

Å Adjust planting densities 

Å Shifts within crop categories 

Ag land available for 
expansion without 
deforestation: 1500 M 
ha illustrated here (up 
to 5000 M ha globally) 

Global area burned 
each year = 380 M ha 
Purple sliver:  conversion to  
developed/urban use 
Bioenergy use: too small to visualize 
at this scale 



Deforestation rate in Brazilôs Amazon, thousands square km per year   
Source: INPE-PRODES Brazil Space Agency: http://www.dpi.inpe.br/gilberto/present/prodes_taxa2010.ppt    Yellow bar for 2010 indicates 

preliminary result of analysis.  

¶FAO, 2010: Global tropical deforestation rate (avg. 
annual loss) fell > 20% compared to prior decade, led by 
decline in Brazil (chart below)  

Correlation versus causation  

http://www.dpi.inpe.br/gilberto/present/prodes_taxa2010.ppt


Deforestation rate in Brazilôs Amazon, thousands square km per year   
Source: INPE-PRODES Brazil Space Agency: http://www.dpi.inpe.br/gilberto/present/prodes_taxa2010.ppt    Yellow bar for 2010 indicates 

preliminary result of analysis.  

Correlation versus causation  
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¶Need causal analysis of models and input assumptions 
¶ If, when, how, and in what ways, do changes in biofuel policy 

affect  deforestation trends?  

http://www.dpi.inpe.br/gilberto/present/prodes_taxa2010.ppt


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



Modeled LUC: large decreases in forest, pasture 
and soybeans with large net ag expansion  

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



 

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

Caution with short- 
term data sets 



 

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

Conclusion (corn 
replacing soy?) depends 

on choice of data  
Caution with short- 
term data sets 



 

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

Opposite conclusion (soy 
replacing corn) depends 

on data choice 

Better to assess long- 
term trends 

Caution with short- 
term data sets 
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Representation of policy in model 

specifications  

 
ÅShock in demand?  

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

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

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

 

         ORNL Chart based on USDA data (A.McBride)  

US total planted area and production of barley, corn, 
cotton, oats, rice, sorghum, soybeans & wheat 
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Graphic based on data from the USDA 2009-NRI. Dale et al. 2011.  

What are Implications of actual (not modeled) LUC trends?  



Stable/static land conditions* 

assumed for baseline  

 ÅNeed to simulate 
effects relative to 
moving targets of gross 
& net change trends in 
land-cover & land-use*  

ÅDynamics should 
capture changing rates, 
directions & types of 
land-cover & land-use* 
at local scales 

ÅModels need to capture 
historic range of 
variability in key land* 
variables 

 
* Better land metrics and data  
    are required  

 

Chart by author using farmland data from USDA NASS 2010 and 
ethanol production data from the RFA statistics Aug 2011. 



Developed      Forest           CRP             Pasture          Other 

ORNL graphic based on data from the USDA 2009-NRI 

Stable/static land conditions? 



Developed      Forest            CRP             Pasture          Other 

ORNL graphic based on data from the USDA 2009-NRI 

Stable/static land conditions? 



ORNL graphic based on data from the USDA 2009-NRI 
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What are Implications of Real (not modeled)  



Example: GTAP Model (Tyner et al. 2010) 

Adapted from Tyner et al., 2010: Figure 1. 

An overview of the GTAP model  

Models are, by definition, simplifications 

Å Static land-use in baseline ς optimal uses assumed 

Å Shock (change in demand) 

Å Price-driven responses re-ŜǎǘŀōƭƛǎƘ ΨŜǉǳƛƭƛōǊƛǳƳΩ 

Land 

Forest Pasture Cropland 



Models for land-use change begin with 
simplified representations of land cover 

Forests 

Grassland 

Existing 
Plantations 

Adapted from Fritsche et al. 2011 (ILUC Study for European Parliament),  
Ecofys 2010 (Dehue), Ecofys 2011, OEKO 2010 and others 



Current LUC models: assumptions define 
direct (A) & potential indirect effects (B)  

Forests 

Grassland 

Existing 
Plantations 

A 

.Ω 

.ΩΩ 

Indirect 
land-use 
change 

Direct 
land-use 
change 

!Ω 

!ΩΩ 

Adapted from Fritsche et al. 2011 (ILUC Study for European Parliament),  
Ecofys 2010, Ecofys 2011, OEKO 2010 and others 



 Models that start with this representation  
presume displacement  

όƴƻǘ άƛŦέ ōǳǘ ǊŀǘƘŜǊΣ άƘƻǿ ƳǳŎƘέύ 

Forests 

Grassland 

Existing 
Plantations 

Adapted from Fritsche et al. 2011 (ILUC Study for European Parliament),  
Ecofys 2010, Ecofys 2011, OEKO 2010 and others 



What are the alternatives? 

Forests 

Grassland 

Existing 
Plantations 

Adapted from Fritsche et al. 2011 (ILUC Study for European Parliament),  
Ecofys 2010, Ecofys 2011, OEKO 2010 and others 



High-carbon land* 

Low-carbon land 

Actively 
Managed 

Shifting 
agricultural 
landscape 

Difficult to represent complex dynamics of 
observed land cover & land use changes  

Previously cleared, 
underutilized = up to 
5x actively managed 

MEA (2005): difficult 
to measure, frequent 
fire, several times 
larger than actively 
managed 

IIASA (2007): rural, 
non-forest, suited for 
rain-fed agriculture 

*Data on nutrient cycling, productivity, environmental services ς 
stocks, flows & potential capacity ς all important  - ƛǘΩǎ bh¢ Ƨǳǎǘ 
about carbon 



High-carbon land 

Low-carbon land 

Yields 

Shifting 
agricultural 
landscape 

Farmers balance 
perceived risks & 
opportunities 

Subsidies, trade 
barriers, uncertainty 
ς affect yields & 
investment 

Potential yields are 
much larger than 
typical yields 

5ŜŦƛƴƛǘƛƻƴǎ ƻŦ άƭŀƴŘ ǳǎŜΣέ ŎƘŀƴƎƛƴƎ ȅƛŜƭŘǎΣ 
urbanization trends, add to complexity 

Food production 
shifting to urban 
zones 



High-carbon land 

Low-carbon land 

Actively 
Managed 

Shifting 
agricultural 
landscape 

Many data needs (spatial, temporal) for more 
accurate representation of historic trends 

Role of shifting land 
use in maintaining & 
increasing yields 

Incentives for rehab 
& productive use of 
idle, disturbed or 
abandoned lands 

Effects of markets & 
management on 
use/impacts of fire 

[ŜǘΩǎ ŦƻŎǳǎ on the shifting agricultural ƭŀƴŘǎŎŀǇŜΧ 


