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Although one of the major objectives of biofuel policy is to con-
tribute to the reduction of greenhouse gas (GHG) emissions, the allo-
cation of feed stocks, like corn, from food to biofuels production con-
tributes to the increase in the price of food and may result in 
deforestation and the extra release of GHG emissions, often referred 
to as indirect land use change (ILUC).  It is suggested that ILUC will 
be included in the calculation of GHG emissions in regulating indi-
viduals under policies such as the renewable fuel standard (RFS) and 
the low carbon fuel standard (LCFS).  This Article identifies several 
reasons why regulators should avoid including ILUC in the calcula-
tion of life cycle–based biofuel policies like the LCFS and the RFS.  
First, attributing indirect effects to individuals violates the basic prin-
cipal that regulations of externalities will hold individuals responsible 
for activities that they control, not activities controlled by others.  Yet, 
policy parameters can be adjusted to changes in market conditions.  
Because ILUC is only one type of market-mitigated indirect effect of 
biofuel production, policy proposals that consider only this indirect 
effect while ignoring others have basic logical flaws.  Second, biofuel 
ILUCs are unstable and may vary significantly over time and be af-
fected by policy choices; therefore, they are difficult to compute and 
implement.  This extra cost may reduce the gain from introduction of 
ILUC in regulations.  Third, because of the high degree of instability 
associated with ILUC, its inclusion in biofuel regulation adds another 
layer of uncertainty that is likely to discourage investment in biofuel.  
It is expected that continuous investment in biofuels over time will 
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lead to learning-by-doing and improvements of the technology.  Re-
duced investment because of inclusion of ILUC in policies is likely to 
decrease the GHG emission reduction gains because of lessened tech-
nological improvements. 

Finally, global problems require global solutions.  Therefore, 
partial policies like the LCFS and the RFS can be good transitional 
policies, but eventually they have to be replaced by global policies in 
which countries share responsibilities to reduce GHG emissions.  
Well-integrated global policies should not include double guessing in 
the form of regulating indirect effects; their inclusion in the transition-
al policies may establish precedents that negatively affect policy de-
sign in the long run.  Recognition that short-term regulations of bio-
fuel should lead to better policies in the long run should lead to a 
drop in the use of ILUC in biofuel regulation.  Instead, governments 
may consider regulatory standards that become stricter over time and 
thus demand continuous improvements in performance over time.  
To conclude, we recommend against incorporating ILUC in biofuel 
regulation, even though it may benefit the current biofuel producers.  
Reexamination of the broader policy regime of subsidies and import 
tariffs and the enforcement of mandates during periods of high food 
prices is also warranted. 

I. INTRODUCTION 

One of the justifications for the support of renewable fuel, in partic-
ular biofuels, is their potential contribution to the mitigation of climate 
change by reducing GHG emissions compared to the fossil fuels they 
substitute.  A major policy challenge is to incentivize the development of 
biofuels based on their GHG reduction contribution.  Two recent biofuel 
regulations, the RFS and the LCFS, attempt to meet this challenge.1  The 
RFS, enforced by the Environmental Protection Agency (EPA), sets up-
per limits on GHG emissions per unit of various biofuels that are quali-
fied to meet biofuel mandates.2  For example, corn ethanol meets the 
RFS requirement if (after the appropriate adjustments) it has a GHG 
emission intensity that is twenty percent lower relative to traditional gas-
oline.3   

The LCFS, unlike the RFS, concerns all fuels.4  It was introduced in 
California as part of AB32 and is under consideration by other U.S. 

 

 1. ALEXANDER E. FARRELL & DANIEL SPERLING, UNIVERSITY OF CALIFORNIA, A LOW-
CARBON FUEL STANDARD FOR CALIFORNIA, PART 2: POLICY ANALYSIS FINAL REPORT 7 (2007), 
http://www.energy.ca.gov/low_carbon_fuel_standard/UC_LCFS_study_Part_2-FINAL.pdf; FRED SIS- 
SINE, CONG. RESEARCH SERV., RL34294, ENERGY INDEPENDENCE AND SECURITY ACT OF 2007: A 

SUMMARY OF MAJOR PROVISIONS CRS 5–6 (2007), http://energy.senate.gov/public/_files/RL342 
941.pdf. 
 2. SISSINE, supra note 1, at CRS-5. 
 3. See id. 
 4. FARRELL & SPERLING, supra note 1, at 12. 
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states and the U.S. federal government, as well as abroad by the Euro-
pean Union (EU) and China.5  The California Standard requires reduc-
tion of the average GHG emissions of fuels by a certain percentage each 
year until attaining the eventual target of a ten percent reduction by 
2020.6  Both the RFS and the LCFS use Life Cycle Analysis (LCA) to as-
sess the GHG emissions of biofuels,7 and it is proposed that they should 
also consider what are termed indirect effects in assessing this GHG con-
tribution.  One category of indirect effect is ILUC.8  The ILUC account-
ing will derive the amount of GHG emission of lands that were con-
verted to agricultural production in response to the reduction of supplies 
of agricultural commodities as lands were diverted from production of 
food commodities to biofuels production. 

This Article analyzes, from multiple perspectives, the implications 
of including ILUC in assessments of biofuel GHG emissions of biofuels 
for policy purposes.  First, while economic theory suggests that economic 
agents will be responsible for activities they control, there is a place to 
adjust regulations to reflect market-induced indirect effects, including, 
but not limited to, ILUC.  Second, we suggest that ILUC varies over time 
and is difficult to estimate, which increases the costs of policy design and 
reduces the benefits of implementation.  Third, a dynamic perspective 
suggests that the extra stringency, and especially the extra uncertainty, 
associated with ILUC may lead to reduced investment in innovation.  In 
response, we suggest making biofuel regulation gradually more stringent 
over time.  Finally, we present a political economic argument to suggest 
that incorporating the ILUC effect into policy analysis will make it diffi-
cult to establish sound environmental policy to control GHG emissions 
in the future.   

Based on these arguments, we conclude that ILUC should not be 
included in biofuel regulations.  While we recommend against the incor-
poration of ILUC in biofuel regulation, even though it may benefit cur-
rent biofuel producers, we recognize that other aspects of biofuel policy 
such as the role and level of subsidies, tariffs, and mandates need to be 
reconsidered as well.  There are several studies that point out the defi-
ciencies of the current biofuel policies.  For instance, Harry de Gorter 
and David Just point out that the interaction of biofuel subsidies, farm 
subsidies, and import tariffs leads to a decline in social welfare.9  Harvey 
Lapan and GianCarlo Moschini show that biofuels mandates dominate 
biofuels subsidies and that combining fuel taxes (rather than subsidies) 

 

 5. Low Carbon Fuel Standard, CAL. ENERGY COMM’N, http://www.energy.ca.gov/low_carbon 
_fuel_standard/ (last visited Jan. 28, 2011). 
 6. FARRELL & SPERLING, supra note 1, at 1. 
 7. See id. at 61; SISSINE, supra note 1, at CRS-7. 
 8. SISSINE, supra note 1, at CRS-8. 
 9. Harry de Gorter & David R. Just, The Social Costs and Benefits of Biofuels: The Intersection 
of Environmental, Energy, and Agricultural Policy, 32 APPLIED ECON. PERSP. & POL’Y 6 (2010). 



ZILBERMAN.DOCX (DO NOT DELETE) 3/4/2011  9:05 AM 

416 UNIVERSITY OF ILLINOIS LAW REVIEW [Vol. 2011 

with mandates would be welfare enhancing.10  Gal Hochman et al. de-
scribe the negative implications of strict enforcement of biofuel mandates 
on food markets.11  Here, however, we evaluate only the inclusion of 
ILUC in biofuel regulations. 

II. ILUC AND THE ECONOMICS OF EXTERNALITIES 

GHG emissions are externalities, namely unintended outcomes of 
actions of economic agents.  We distinguish between technical externali-
ties, namely externalities that are embodied in physical outcomes, and 
pecuniary externalities that result in changes in prices.  GHG emissions 
are technical externalities resulting from a wide array of activities, includ-
ing the burning of fossil fuel and the production and utilization of biofu-
els.  Economic theory suggests that technical externality problems are 
problems of “missing markets” that require policy intervention and that 
the best policy intervention is establishing a price that is equal to the so-
cial damage of the externality (in the case of a negative externality).12   

If one can assess the social cost of GHG emissions, then a carbon 
tax imposed on all emitters directly or indirectly (for example, through a 
fuel tax where the tax reflects the carbon content of the fuel) can provide 
an optimal solution.  In principle, an optimal outcome can be achieved in 
the short-run through a subsidy if an emitter of GHG will be paid for its 
reduction in GHG emissions from a pre-specified level.13  The subsidy for 
averting GHG emissions can also be referred to as payments for ecosys-
tem services (PES).14  The reduction of pollution can also be achieved 
through a trading mechanism whereby policymakers determine an op-
timal level of pollution, pollution rights are allocated, and then they are 
traded.15  In theory, the market for permits should result in optimal price.  
The key to all of these policies is that either individuals pay penalties or 
are paid according to the actual level of pollution that they control.  All 
of these are policies to modify the behavior of the people that generate 
the externality.   

Because computing the social cost of pollution is difficult, policy-
makers frequently establish a pollution reduction target and design poli-
cies to achieve it.  William Baumol and Wallace Oates recommend the 

 

 10. Harvey Lapan & GianCarlo Moschini, Biofuels Policies and Welfare: Is the Stick of Mandates 
Better than the Carrot of Subsidies 29–30 (Iowa State Univ. Dep’t of Econ., Working Paper No. 09010, 
2009), http://www2.econ.iastate.edu/research/webpapers/paper_13076_09010.pdf. 
 11. Gal Hochman et al., The Economics of Biofuel Policy and Biotechnology, 6 J. AGRIC. & 

FOOD INDUS. ORG. (SPECIAL ISSUE) 1, 5–8 (2008). 
 12. WILLIAM J. BAUMOL & WALLACE E. OATES, THE THEORY OF ENVIRONMENTAL POLICY 

15–16 & n.7 (2d ed. 1988). 
 13. William J. Baumol & Wallace E. Oates, The Use of Standards and Prices for Protection of the 
Environment, 73 SWED. J. ECON. 42, 51 (1971). 
 14. Erwin H. Bulte et al., Payments for Ecosystem Services and Poverty Reduction: Concepts, 
Issues, and Empirical Perspectives, 13 ENV’T & DEV. ECON. 245, 245 (2008). 
 15. Id. at 246. 



ZILBERMAN.DOCX (DO NOT DELETE) 3/4/2011  9:05 AM 

No. 2] INDIRECT LAND USE IN BIOFUELS REGULATION 417 

use of cost-effective policies, defined as policies that achieve a pollution 
target at minimum cost.16  They show that pricing pollution at a level that 
is equal to the extra economic gains that were generated if the pollution 
constraint were expanded by one unit is a cost-effective policy.17  Again, 
the cost-effective policy can result in a tax on pollution, a subsidy for pol-
lution reduction, or a cap-and-trade scheme.   

Frequently policymakers do not use cost-effective policies, but in-
stead use other regulations, for example, an upper bound on an emission 
intensity scheme where they limit pollution per unit output.  William 
Hochman and David Zilberman show that these policies are costlier than 
pollution taxes but have distributional advantages and may achieve pol-
lution targets with lower impact on production.18  Martin Weitzman 
compares regulating pollution by pricing versus regulating by quantities 
and find that control by quantity may be superior under certain condi-
tions when policymakers are uncertain about the incremental benefits 
from pollution.19  In all of these cases, though, the polluter was responsi-
ble for the quantity of pollution that they were generating and they were 
regulated accordingly.  In addition, the parameter of the regulation, 
which would be the tax or the upper bound, may be affected by market 
conditions.   

Economists have recognized that unintended market effects may al-
ter the impacts of environmental policies.  For example, Robert Stavins 
and Adam Jaffe show that public infrastructure projects aimed at pro-
tecting wetlands and providing other environmental amenities diverted 
agricultural land out of production, which led to price increases that in-
duced conversion of privately held wetland areas to agriculture and thus 
reduced the overall environmental gains of the projects.20  They argue 
that assessment and design of such projects (using the social benefit-cost 
analysis) should take into account these secondary effects.21  Yet, even 
when secondary market-mitigated effects occur in their case, competitive 
agents should be regulated based on the activities they, not others, con-
trol. 

JunJie Wu et al. investigate PES programs, like the Conservation 
Reserve Program (CRP), that have a certain budget paid toward not 
farming lands and engaging in environmentally benefitting activities that 
would, for example, reduce soil erosion or support native plants.22  Since 
land parcels vary in their quantifiable environmental benefit and the val-
 

 16. Baumol & Oates, supra note 13, at 46–47. 
 17. Id. at 46.  
 18. See generally Eithan Hochman & David Zilberman, Examination of Environmental Policies 
Using Production and Pollution Microparameter Distributions, 46 ECONOMETRICA 739–60 (1978). 
 19. Martin L. Weitzman, Prices vs. Quantities, 41 REV. ECON. STUD. 477, 482 (1974). 
 20. Robert N. Stavins & Adam B. Jaffe, Unintended Impacts of Public Investments on Private 
Decisions: The Depletion of Forested Wetlands, 80 AM. ECON. REV. 337, 349 (1990). 
 21. Id. 
 22. JunJie Wu et al., Environmental and Distributional Impacts of Conservation Targeting Strate-
gies, 41 J. ENVTL. ECON. & MGMT. 333, 334 (2001). 
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ue of their agricultural production, optimal policy would target parcels of 
land that would maximize environmental benefits given the budget.  The 
optimal policy, which is a cost effective policy, is to enroll all the lands 
with benefit, per dollar paid, that is greater than a certain threshold.  This 
threshold is designed so that the budget is exhausted.23  The benefit per 
dollar threshold is the parameter of the policy (this threshold establishes 
a maximum price per unit of benefit).  When these programs affect large 
acreage, they may reduce supply and affect food prices.  It is optimal to 
design the payment with the new food price rather than the initial price 
in mind, otherwise the outcome is out of sync with the new reality.  

Furthermore, if some farmers that were out of production before 
the program enter production because of the higher prices (this pheno-
menon is called slippage), they should be also targeted to join the pro-
gram if their benefit per dollar is greater than the threshold.  Wu et al. 
show that failing to adjust for the possibility of slippage may result in 
suboptimal outcomes.24  But, even with policy parameters adjusted to 
changes introduced by market forces, every participant should be cre-
dited for the environmental benefits (pollution reduction) that they gen-
erate. 

In all of these cases the guiding principle of policymaking is that in-
dividuals should be held responsible for their technical externalities, and 
the policy parameters (for example, the level of pollution tax) reflect 
markets’ adjustment to the introduction of the policy.  Economic theory 
suggests that individual producers should not, in a competitive environ-
ment, be liable for the pecuniary externalities they generate.25  For ex-
ample, if a large number of farmers adopt organic farming, thereby re-
ducing supply and increasing the price of food, they should not be held 
responsible to compensate the consumer whose welfare was negatively 
affected because of this pecuniary externality.  If government policies are 
of sufficient scale to affect market outcomes, however, then the policy 
parameters may be adjusted to take it into account.  But policymakers 
need to recognize all of the indirect effects induced by markets and ad-
just the policy parameters accordingly, taking into account the cost of 
implementation.  The use of ILUC under both the LCFS and the RFS 
credits biofuel processors in the United States with emissions they cannot 
control, which violates basic principles.26   

 

 23. Id. at 346. 
 24. Id. at 340–45. 
 25. See Randall G. Holcombe & Russell S. Sobel, Public Policy Toward Pecuniary Externalities, 
29 PUB. FIN. REV. 304, 304 (2001). 
 26. Both in terms of economics and morality, “everyone shall be put to death for his own sin.”  
Deuteronomy 24:16. 
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III. LIFE CYCLE ANALYSIS 

The traditional externality literature prescribes that every producer 
will be held accountable for the activities that she or he controls direct-
ly.27  For example, the supply chain of corn ethanol consists of many 
agents, including: chemical manufacturers that produce fertilizers, far-
mers that grow corn, refiners that process the corn to produce ethanol, 
gas stations that sell the ethanol, and consumers that use ethanol.  In an 
optimal system in which each producer is responsible for her own activi-
ty, the fertilizer manufacturer will pay a carbon tax for the GHG emis-
sions associated with the production of fertilizer; the farmer will pay a tax 
on the GHG emissions that he or she generates, but will also receive a 
subsidy for the GHG emissions that are sequestered through photosyn-
thesis, and the refiner will pay for the GHG emissions associated with 
the processing of ethanol from corn, etc.  But implementing such a car-
bon pricing system in the context of biofuels entails high transaction and 
monitoring costs because of the complexity of the supply chain.  Instead, 
biofuel regulations such as the RFS and the LCFS are life cycle based 
and shift responsibility for the GHG emissions of the entire supply chain 
to the seller of the fuel.28  So if we had a carbon tax, it would be part of 
the price paid at the pump. 

Regulations based on life cycle analysis (LCA) that hold the suppli-
er responsible for the emissions throughout the supply chain are advan-
tageous because they reduce transaction costs and are relatively simpler.  
Relying on supply chains for regulation of pollution or labor safety is 
popular for this reason.29  With modern technology it is easy to develop 
tracking systems and to follow the GHG emissions that were associated 
with certain product lines.30  When companies are responsible for the ex-
ternalities that occur throughout the supply chain, it may modify the sys-
tem to take advantages of synergies that will reduce externalities.  The 
companies that are responsible for biofuels will make the decisions that 
affect the entire supply chain.   

While policies based on LCA provide gains by reducing transaction 
costs and encouraging synergies, they may be abused.  For example, 
there may be pollution shuffling.  Producers may use fertilizer that was 
produced with natural gas, and thus have less GHG emissions, to pro-
duce corn for ethanol while using fertilizer produced with coal to pro-
duce corn for food.  While the magnitude of these infractions need better 
quantification, it seems that overall the use of LCA to regulate biofuels is 
preferable to holding each individual responsible, especially in the con-

 

 27. BAUMOL & OATES, supra note 12, at 23. 
 28. See FARRELL & SPERLING, supra note 1, at 61; SISSINE, supra note 1, at CRS-7. 
 29. G.A. Keoleian, Pollution Prevention Through Life-Cycle Design, in INDUSTRIAL POLLUTION 

PREVENTION HANDBOOK 253–92 (Henry M. Freeman ed., 1994). 
 30. See generally T.P. Wilson & W.R. Clarke, Food Safety and Traceability in the Agricultural 
Supply Chain: Using the Internet to Deliver Traceability, 3 SUPPLY CHAIN MGMT. 127 (1998). 
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text of the RFS and the LCFS because the social loss seems to be smaller 
than the gain associated with reduced transaction costs and synergies.   

IV. INDIRECT EFFECTS 

Externality theory holds economic agents responsible for the direct 
effects of their activities, but their activities also generate many indirect 
effects.  Some of these indirect effects are market mediated, like pecu-
niary externalities.  A pecuniary externality occurs, for example, when a 
large farmer adopts a new technology and the resulting extra supply 
leads to a reduction in output price that harms other producers. 

  Changes in market conditions should be reflected in policy para-
meters, but economic theory does not hold individuals responsible for 
the changes in behavior of others caused by these market effects.  In the 
case of ethanol there may be many indirect market effects.  The most 
discussed one is the ILUC effect.  Conversion of agricultural land to pro-
duce corn ethanol may increase food prices31 and may lead to expansion 
of agricultural production in new areas that will lead to increased GHG 
emissions.  For example, Timothy Searchinger et al. use the Food and 
Agricultural Policy Research Institute (FAPRI) simulation model to link 
the expansion of corn production for ethanol to GHG emissions through 
deforestation in the Amazon.32   

There are other possible indirect effects.  Increase in ethanol pro-
duction may reduce the price of oil and may reduce the incentive to in-
vest in some of the more expensive and more polluting sources of fuel, 
such as fuel from tar sands or from deep ocean wells.  In addition, the 
lower price of oil due to the introduction of biofuels may actually lead to 
more driving and result in extra GHG emissions.  Furthermore, the use 
of biofuels may reduce the refining of crude oil and thus, the availability 
of oil by-product use that are used for home heating and other activities 
that emit significant amounts of GHGs.  The net effect of this reduction 
of oil by-products depends upon what will replace it and how much will 
be replaced.  As we said earlier, economic theory does not require consi-
dering such effects, but if we do so, then we should be aware that there 
may be many effects in this category, complicating the assessment of net 
GHG emissions.   

 

 31. Deepak Rajagopal et al., Challenge of Biofuel: Filling the Tank Without Emptying the Sto-
mach?, ENVTL. RES. LETTERS, Oct.–Dec. 2007, at 1, 5. 
 32. Timothy Searchinger et al., Use of U.S. Croplands for Biofuels Increases Greenhouse Gases 
Through Emissions from Land-Use Change, 319 SCIENCE 1238, 1238–40 (2008). 
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V. HOW DO THE RFS AND THE LCFS RELATE TO TEXTBOOK 

ENVIRONMENTAL POLICIES? 

One of the big challenges with dealing with ILUC as well as the 
RFS and the LCFS is that both the RFS and the LCFS are not “text-
book” environmental policies like those mentioned above.  These poli-
cies were not introduced merely to address environmental problems.  
Policies that support and regulate biofuels aim to address environmental 
issues in addition to fuel security issues.33  They also aim to establish do-
mestic biofuel and renewable energy industries.34   

The RFS is part of the Energy Independence and Security Act 
(EISA) of 2007, a federal biofuel policy that has many components be-
sides the regulation of GHG emissions, including mandates, subsidies, 
and tariffs on imports.35  These components have been analyzed fre-
quently in detail.36  The impact of biofuel on food security has also been a 
subject of significant research.37 

The RFS is an intensity standard (an upper bound on GHG emis-
sions per unit of fuel) that aims to reach an aggregate production target 
(not aggregate pollution target as in the efficiency standard used by 
Hochman and Zilberman).38  The RFS distinguishes between renewables 
and fossil fuels, but it does not constrain the pollution generated by the 
fossil fuels and does not take into account their GHG implications.39   

While economists like Baumol and Oates40 consider environmental 
policies that set an upper bound on total pollution, the LCFS sets an up-
per bound on the aggregate GHG intensity of fuels without limiting total 
emissions.41  Thus, since it allows trading, it has an efficiency enhancing 
effect by increasing the cost of more GHG intensive fuels.  But, its effi-
ciency suffers because it does not provide a subsidy to conservation ef-
forts that would reduce GHG emissions by reducing the use of fossil fu-
els.  Thus, both policies are less cost effective than a carbon tax or carbon 
based tradable permits in achieving GHG emission reductions and that 
may be explained by the multiple tasks that they have to pursue in addi-
tion to political and economic considerations.   

Another limiting feature of these two policies is that both are partial 
solutions to a global externality problem.  The RFS applies only to bio-

 

 33. See, e.g., SISSINE, supra note 1, at CRS-3. 
 34. See, e.g., id. at CRS-8. 
 35. Id. at CRS-1 to CRS-2. 
 36. See, e.g., Jingbo Cui et al., Welfare Impacts of Alternative Biofuel and Energy Policies (Iowa 
State Univ. Dep’t of Econ., Working Paper No. 10016, 2010), https://www.econ.iastate.edu/sites/ 
default/files/publications/papers/p11618-2010-06-09.pdf. 
 37. See, e.g., Ujjayant Chakravorty et al., Fuel Versus Food, 1 ANN. REV. RESOURCE ECON. 645, 
647 (2009); Rajagopal et al., supra note 31, at 2. 
 38. Hochman & Zilberman, supra note 18, at 739–40. 
 39. See 40 C.F.R. §§ 23903, 23907 (2007). 
 40. See Baumol & Oates, supra note 13, at 45. 
 41. See FARRELL & SPERLING, supra note 1, at 7. 
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fuel consumed in the United States and the LCFS only governs renewa-
ble fuels consumed in California.42  Behavior outside of the covered re-
gions may be adjusted in a manner to negate these policies.  Markets may 
adjust in a way that will shift GHG polluting activities to regions that are 
not covered by these policies.  For example, the LCFS may prevent the 
use of fuels produced from tar sands in California, even though these fu-
els may be exported for use from Canada to China. 

The introduction of ILUC consideration is a well-intended effort to 
address some of the limitations of these policies as local policies.  The ba-
sic premise of ILUC is that if U.S. farmers reduce their production of 
corn for food/feed in order to produce biofuel, then through the work-
ings of markets some of the corn will be replaced by more production 
elsewhere and result in increased GHG emissions.  Although we present 
strong objections to ILUC consideration based on the argument that 
good environmental policies hold people responsible for their own ac-
tions rather than those of others and that pecuniary externalities should 
not be regulated, we can understand support for inclusion of ILUC if 
there is a consistent and significant relationship between the increase in 
biofuel production and extra GHG emissions associated with increased 
land use elsewhere.  Discovering this type of relationship, however, re-
quires analysis of empirical finding. 

VI. THE EMPIRICAL DIFFICULTIES IN QUANTIFYING ILUC 

The implementation of ILUC is also constrained by empirical diffi-
culties.  Ideally, we would have data that would allow statistical analysis 
linking changes in acreage of corn or other biofuel crops in the United 
States to deforestation in various locations and the resulting increase in 
GHG emissions.  The current state of knowledge indicates this is too 
much to ask for, however.  Although having reliable statistical analysis 
linking the price of fuel to deforestation would be very useful to ILUC 
analysis, this type of statistical analysis is hardly available.  As a result, 
current estimates of ILUC are derived by simulation that use available 
estimates of key coefficients.43  Historical elasticities of the impacts of 
corn supply for food on prices, and especially on land use, are unstable 
and thus the simulated estimates of ILUC have a high degree of variabili-
ty and are not reliable.44  Historical evidence suggests that in many pe-
riods the ILUC may have been small and sometimes negative.45  For ex-
ample, a period of higher food prices may lead to intensification of farm 

 

 42. Sonia Yeh & Daniel Sperling, Role of Low Carbon Fuel Standard in Reducing U.S. Trans-
portation Emissions, in CLIMATE AND TRANSPORTATION SOLUTIONS: FINDINGS FROM THE 2009 

ASILOMAR CONFERENCE ON TRANSPORTATION AND ENERGY POLICY 48, 50 (Daniel Sperling & 
James S. Cannon eds., 2010).  
 43. FARRELL & SPERLING, supra note 1, at 63. 
 44. Id. 
 45. See Figure 1. 
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production, which eventually could reduce farm acreage.46  The fluctua-
tion of ILUC over time is affected by technological as well as policy 
changes.  Weitzman demonstrated that uncertainty about policy parame-
ters might result in policy choices that are different than the optimal 
choices.47  The variability and uncertainty of ILUC parameters reduce 
the benefits of their use in policy design.   

Two recent studies on the ILUC of biofuels in the United States 
that were conducted using two simulation models and published in res-
pectable journals concluded with two widely varying numbers.  Using the 
FAPRI partial equilibrium model of international trade in agricultural 
commodities, Searchinger et al. predict that average land use change 
(LUC) as a consequence of U.S. corn ethanol mandates might be about 
104 gCO2/MJ of fuel energy.48  Given that a widely used estimate of life 
cycle GHG intensity of corn ethanol, ignoring indirect effects, is 80% of 
the life cycle GHG intensity of gasoline from conventional petroleum, 
which is approximately 95.6 gCO2/MJ, the Searchinger et al. calculations 
suggest a 150% increase in the effective life cycle of GHG emissions rela-
tive to calculations that ignore ILUC.49  A more recent estimate by Tho-
mas Hertel et al. using the Global Trade Analysis Project (GTAP) gen-
eral equilibrium model of the global economy and employing more 
optimistic assumptions about elasticities and corn productivity, suggests 
that the average ILUC effect is approximately 30 gCO2/MJ, which is less 
than one-third the estimate of Searchinger et al.50  An even more recently 
released report by Tyner et al., using a more recent database of GTAP 
inputs, predicts ILUC effect is more than 50% smaller than that reported 
by Hertel et al.51 

If one believes the Searchinger parameters and incorporates them 
into proposed regulations, then the production of biofuels around the 
world will be drastically curtailed, whereas the Tyner results may be 
much less restrictive of the production of biofuels.  The reason for the 
different estimates can be understood more easily if one breaks down the 
ILUC effect of diverting an acre of corn in the United States from food 
to biofuel to three elements: first, the impact of the reduction in the 
supply of corn on commodity prices; second, the conversion of non-
agricultural land to produce corn or other commodities as a result of the 
high food prices; and, third, the GHG effect of this conversion of land.  

 

 46. Bruce L. Gardner, Causes of U.S. Farm Commodity Programs, 95 J. POL. ECON. 290 (1987). 
 47. See Weitzman, supra note 19, at 481. 
 48. Searchinger et al., supra note 32, at 1239. 
 49. See id. 
 50. Thomas W. Hertel et al., Effects of U.S. Maize Ethanol on Global Land Use and Greenhouse 
Gas Emissions: Estimating Market-Mediated Responses, 60 BIOSCIENCE 223, 223 (2010). 
 51. Wally Tyner, First and Second Generation Biofuels: Economic and Policy Issues, Presented 
at the Third Berkeley Bioeconomy Conference, June 24, 2010, http://www.berkeleybioeconomy.com/ 
wpcontent/uploads//2010/07/TYner%20Berkeley%20June%202010.pdf. 
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Each of these elements has a high degree of variability and when com-
bined together they result in highly volatile outcomes.   

First, consider the impact of reduction of supply on the price of 
food.  Clearly most if not all of the operators that convert corn for food 
to biofuel are so small that their impact on food prices is negligible and 
that is one reason why the use of ILUC is hard to justify on theoretical 
grounds.  But, if many farmers operate in a correlated manner and divert 
land from food to fuel, then their diversion of output to biofuel produc-
tion will have a significant impact on food prices.  Studies place the range 
of increase in the price of corn for food in response to a one percent re-
duction in the availability of corn for food (due to diversion to biofuel) 
between one and a half to four percent.52  Assessing the impact of 
changes on the price of food based on supply is the least difficult part in 
estimating the ILUC.  The impact of changes on the price of food on ex-
pansion of agricultural land and deforestation are much more unstable 
and difficult to estimate. 

Searchinger et al. and Hertel et al. assume that the main response of 
farmers to the increase in the price of food due to biofuel production will 
be to increase acreage.  The researchers proceed to calculate the magni-
tude of this response, using elasticity estimates of the agricultural supply 
response to the increase in food commodity prices.53  Despite being em-
pirical estimates of elasticities, the fact remains that these simulations 
employ point estimates of a parameter that displays remarkable variabili-
ty over space and time.54  To illustrate this point, we compute one meas-
ure, namely the elasticity of land in response to changes in the quantity 
of an agricultural food commodity supplied (the sum of harvest and stock 
carried-over from previous period).  In particular, it measures the per-
centage increase in acreage of agricultural land in response to a 1% de-
cline in the supply of a commodity.  Specifically, if εL/Q denotes the elas-
ticity of acreage, with respect to agricultural production, L/L the 
percentage change in acreage and Q/Q the percentage change in agri-
cultural supply, then 

 L /Q 
L

L
Q

Q

.   

Table 1 shows this elasticity for six major crops (and a “grains” ag-
gregate that is composed of wheat, corn, and rice) for three different 
groupings of regions: the World, the United States, and the rest-of-the-
world (ROW), in decadal intervals between 1960 and 2007 (with the ex-
ception being 2000–2007).  We can see that for the “grains” aggregate, 
the world elasticity of acreage with respect to availability has a t-statistic 
of 2.09, which suggests it is barely significant at the 10% confidence level.  

 

 52. E.g., Rajagopal et al., supra note 31, at 2. 
 53. Hertel et al., supra note 50, at 223. 
 54. Id. 
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It is insignificant at the 10% confidence level for the United States but is 
significant at the 5% level for ROW. 

TABLE 1 
DECADAL AVERAGE ELASTICITY OF AGRICULTURAL ACREAGE WITH 

RESPECT TO AGRICULTURAL OUTPUT COMPUTED USING DATA IN 
FAO STAT DATABASE 

 

We now demonstrate how small differences in the assumed value of 
elasticity of acreage can have a large impact on prediction about the 
ILUC effect.  We first impute the aggregate elasticity implied by Sear-
chinger et al. and Hertel et al.’s calculations of the impact of increase in 
corn demand due to biofuel mandates and compare.  Searchinger et al. 
calculate that increasing the U.S. biofuel mandate by fifty-six billion li-
ters of corn ethanol, which assuming a conversion efficiency of 2.7 gal-
lons of ethanol per bushel of corn translates into 140 million tons of corn, 
increases global agricultural acreage by 10.8 million hectares.55  This im-
plies an elasticity of acreage of 0.29.  This is almost twice the mean global 
elasticity of grain aggregate, which is 0.15 and is a third higher compared 
to mean global elasticity of the six-crop aggregate.  Interestingly, and 
perhaps coincidentally, this is similar to the estimate of elasticity for the 
period of 2000–2007, suggesting that Searchinger et al.’s model may have 
 

 55. Searchinger et al., supra note 32, at 1239. 
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been calibrated to recent trends while a longer-term trend provides a 
reason to be less pessimistic about ILUC (see Figure 1). 

FIGURE 1 
COMPARING ANALYSES OF ILUC USING ESTIMATES OF DECADAL 
AVERAGE OF ESTIMATES OF ELASTICITY AND CALCULATION BY 

SEARCHINGER ET AL. 

 

Increased acreage is one possible response to increased commodity 
prices, but higher commodity prices may increase supply in other ways.  
They may lead to intensification of agricultural production by leading to 
increased use of fertilizer and other inputs (like water and pesticides).  
They may lead to adoption of new yield enhancing technologies, for ex-
ample, modern irrigation, precision farming, and improved farm equip-
ment.  The exact response to increased prices depends upon availability 
of new technologies, financial resources, and regulatory regimes.  Land 
use prices are more likely to contribute significantly to increased agricul-
tural supply in response to an elevation in prices in periods with low rates 
of growth of agricultural productivity and innovation. 

The recent study by Julien Alston et al. shows that changes in agri-
cultural productivity vary significantly among regions and over time.56  
One reason for this variation is investment differences in research.57  
There is a large body of evidence that suggests that investment in re-

 

 56. See Julian M. Alston et al., Mendel Versus Malthus: Research, Productivity and Food Prices 
in the Long Run 1–2 (Univ. Minn., Dep’t Applied Econ., Staff Paper No. P09-1, 2009), http://agecon. 
search.umn.edu/bitstream/53400/2/SP-IP-09-01.pdf 
 57. See id. at 15. 
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search has a high rate of return and tends to increase productivity.58  
Thus, differences in rate of investment in public research and effective-
ness of research systems affect productivity.  Furthermore, certain tech-
nologies may have long gestation times and the diffusion of innovation is 
a slow and nonlinear process that may lead to variation in rate of tech-
nological innovations.59  Finally, changes in productivity are strongly af-
fected by policy and may affect land use.  Zilberman et al. suggest that 
proposals to ban the use of pesticide would have reduced productivity of 
land and might have led to a strong increase in acreage.60   

Agricultural economics literature suggests that total farmed acreage 
has not grown very much over the last century.61  A study of the econom-
ic history of food production suggests that world agricultural production 
more than tripled between 1950 and 2000, while acreage in arable land 
and tree crops grew by less than twenty-five percent.62  U.S. agricultural 
acreage peaked in the late 1910s during the First World War.63  Even 
though agricultural output productivity has increased by ten-fold since 
then, the acreage has declined.64  Some of the land that was deforested 
and farmed in America, as well as Europe, has been reforested.65  Note, 
however, that secondary growth forests may not be similar ecologically 
despite having a similar carbon stock.   

One manifestation of the decline in agricultural acreage over the 
years in the United States and Europe is agricultural policies that paid 
farmers to divert lands from agricultural production to conservation ac-
tivities.66  The Conservation Reserve Program (CRP) in the United 
States had around thirty million acres of land diverted from farming for a 
while, which is about ten percent of total farmland in the United States.67  
Thus, most of the increase in agricultural supply in the last century was a 
result of intensification and increased productivity rather than increased 
acreage.  Miranowski et al. argue that, based on historical trends as well 
as predictions from chemical companies, one can expect that increases in 
yield, especially in the case of corn, are likely to continue in the future 

 

 58. See, e.g., id. at 19 & n.18. 
 59. See Gershon Feder et al., Adoption of Agricultural Innovations in Developing Countries: A 
Survey, 33 ECON. DEV. & CULTURAL CHANGE 255, 286–88 (1985). 
 60. See David Zilberman et al., The Economics of Pesticide Use and Regulation, 253 SCIENCE 
518, 518–20 (1991). 
 61. WILLARD W. COCHRANE, THE DEVELOPMENT OF AMERICAN AGRICULTURE: A 

HISTORICAL ANALYSIS 500 (2d ed. 1993). 
 62. Id. at 176. 
 63. Id. at 8. 
 64. GIOVANNI FEDERICO, FEEDING THE WORLD: AN ECONOMIC HISTORY OF AGRICULTURE, 
1800–2000, at 1 (2005). 
 65. Tom P. Evans et al., Threats to the Forest Transition in the Midwest United States, in 
REFORESTING LANDSCAPES: LINKING PATTERN AND PROCESS 178 (H. Nagendra & J. Southworth 
eds., 2010). 
 66. COCHRANE, supra note 61, at 500. 
 67. DAVID HOSANSKY, THE ENVIRONMENT A TO Z 48 (2001). 
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and much of the increases in food as well as biofuel demand will be met 
by increased productivity.68   

A recent study by Steven Sexton et al. found that adoption of genet-
ically modified (GM) varieties has contributed to significant increases in 
yield of corn, soybean, and cotton, especially in developing countries.69  
The increase in cotton yields has been especially pronounced because Bt 
cotton has been adopted by major producers in China and India as well 
as in the United States.70  Cotton was also the only crop that did not suf-
fer from commodity price increases and dwindling inventories during the 
commodity price hike of 2008.71  They find that agricultural commodity 
prices would have risen much more drastically, some commodities by 
more than twenty percent, without the adoption GM varieties.72  At the 
same time, they find that lifting the practical ban of adopting GM varie-
ties in Europe as well as in Africa would have contributed to increased 
production of corn that would have to a large extent negated the impact 
of diverting corn to biofuel production.73  This work suggests that the bio-
fuel ILUC effect may be dependent on both the availability of technolo-
gies and the policies that regulate them.   

There are other factors that make it especially challenging to assess 
the impact of increased commodity prices on agricultural land.  One is 
double cropping, namely growing two crops on the same parcel of land 
during a year.  If higher commodity prices induce farmers to double crop, 
then the total reported crop acreage would increase without expansion of 
agricultural land.  For example, the availability of herbicide-resistant 
crop varieties enables farmers in Argentina to have a second crop of soy-
bean instead of only wheat.74  The adoption of this practice was a result 
of both available technology as well as a rise in demand for meats (and 
soybean used to feed the livestock) in Asia.75  Thus, some of the increases 
in soybean acreage in South America in recent years were virtual acreage 
increases.   

Even when increased prices lead to increased acreage, it does not 
mean it results in more GHG effect.  The impacts on GHG effect depend 
on when they happen and where.  In some cases, expansion of agricultur-
al land may lead to reduction in soil carbon.  For example, farming with 
 

 68. See John Miranowski, Economies and Policy of Biofuel and Land Use, Presented at the 
Third Berkeley Bioeconomy Conference, June 24, 2010, http://www.berkeleybioeconomy.com/wp-
content/uploads//2010/07/Miranowski_BerkeleyConfernce.pdf. 
 69. See Steven Sexton et al., The Role of Biotechnology in a Sustainable Biofuel Future, 12 
AGBIOFORUM 130, 136 (2009). 
 70. Bacillus thuringiensis (Bt) is a grampositive, soil-dwelling bacterium.  Genes of this bacte-
rium are inserted into plants to generate toxins that control insects. 
 71. See Sexton et al., supra note 69, at 134, 136. 
 72. See id. at 136–37. 
 73. See id. at 137–38. 
 74. Eduardo J. Trigo & Eugenio J. Cap, The Impact of the Introduction of Transgenic Crops in 
Argentinean Agriculture, 6 AGBIOFORUM 87, 88 (2003). 
 75. See NAT’L RESEARCH COUNCIL, THE IMPACT OF GENETICALLY ENGINEERED CROPS ON 

FARM SUSTAINABILITY IN THE UNITED STATES 135–86 (2010). 
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low and no tillage (as well as other) practices may lead to significant se-
questration of carbon.76  In recent years the increased adoption of herbi-
cide-resistant (HR) varieties enabled introduction of low tillage practices 
that led to sequestration of carbon.77 

ILUC was established because of concern for situations where in-
crease in commodity prices would lead to deforestation and cause a loss 
of carbon that was sequestered by trees and land for a long period of 
time.78  There are not many econometric studies that clearly link price of 
commodities to deforestation.  The process of deforestation in countries 
like Brazil and Indonesia is quite complex.  The government may en-
courage deforestation as part of a development strategy, and deforesta-
tion may also be induced by infrastructure efforts (build up of roads) as 
well as by subsidies for agricultural production.  A recent presentation by 
Guilhoto et al. suggests that deforestation for agricultural purposes ori-
ginated with removal of trees to enable grazing of animals.  Only later 
came farming of soybean or sugar cane.79  Expansion of soybean produc-
tion is likely to be affected by higher prices of food, and this may lead to 
relocation of animal production further into the forest.  Government 
zoning policies and their enforcement can affect these processes.  Where- 
as countries like Brazil might have encouraged deforestation as part of 
their development strategy in the past, the government has developed 
policies to preserve biodiversity.80  Brazil’s conservation policies are 
evolving and are influenced by political and economic considerations.81  
Because policies for management of tropical forests and other natural re-
sources are evolving, they add another dimension of instability to statis-
tical analyses or simulations based mostly on past behavior that try to es-
timate the ILUC effect. 

The uncertainty and variability of ILUC estimates do not imply that 
they should not be incorporated in biofuel regulation.  When the esti-
mated ILUC parameters have significant variance, however, there is high 
probability that they may result in solutions that are far from the best.  
Extra research can reduce some of the uncertainty associated with the 
ILUC estimates, but research is costly and should be conducted only if 
the expected benefit from improved decision making is greater than the 

 

 76. R. Lal, Soil Carbon Sequestration Impacts on Global Climate Change and Food Security, 304 
SCIENCE 1623, 1623–24 (2004).  
 77. See NAT’L RESEARCH COUNCIL, supra note 75, at 213–36. 
 78. Searchinger et al., supra note 32, at 1238. 
 79. Joaquim J.M. Guilhoto & Silvio Massaru Ichihara, Biofuel and Land Use in Brazil: Econom-
ic and Social Perspective, Presented at the Third Berkeley Bioeconomy Conference, June 24, 
2010, http://www.berkeleybioeconomy.com/wpctent/uploads//2010/07/Guilhoto_Biofuel%20&%20Lan
d%20Brazil%20Berkeley%20June%2010.pdf. 
 80. See Jordi Diez, 21 GOVERNANCE 471, 471–72 (2008) (reviewing KATHRYN HOCHSTETLER & 

MARGARET B. KECK, GREENING BRAZIL: ENVIRONMENTAL ACTIVISM IN STATE AND SOCIETY 

(2007)). 
 81. Philip M. Fearnside, Conservation Policy in Brazilian Amazonia: Understanding the Dilem-
mas, 31 WORLD DEV. 757, 757 (2003). 
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extra cost of the research.  Even when the ILUC is known, the variability 
of ILUC over time is endemic and, therefore, policies that are based on 
ILUC may need to adjust over time to reflect changes in the ILUC.  As 
we will argue below, frequent changes in policy parameters because of 
changes in ILUC increase the uncertainty faced by farmers or biofuel 
processors that may lead to reduced incentives to invest or innovate.  
Thus, even when policymakers consider it desirable to include ILUC in 
the regulation of biofuels desirable, the uncertainty and instability of 
ILUC reduce the gains from their inclusion, and sometimes the net gain 
may be negative. 

VII.    STRATEGIC AND DYNAMIC CONSIDERATIONS 

Biofuels are new technologies that to a large extent are developed 
in response to three dynamic phenomena: evolution of GHGs, popula-
tion and economic growth, and depletion of fossil fuels.82  The evolution- 
ary aspects of the system are among the causes of the instability of key 
parameters that are used to measure the ILUC effect.  Furthermore, the 
standard framework to analyze the economic impact of technologies like 
biofuel and policies that regulate them on social well-being are static 
equilibrium models.83  While they capture many essential elements of the 
system, they miss some crucial dynamic features. 

Development of new technologies is a dynamic process that takes 
time and is a key component in mitigating GHG.84  Investors in the de-
velopment of new technologies as well as individuals who consider 
adopting new technologies have a dynamic perspective and operate un-
der uncertainty.  The real option approach of Avinash Dixit and Robert 
Pindyck has been used to analyze adoption choices by taking into ac-
count uncertainty.85  This model argues that when considering adoption, 
the level of returns that will lead to adoption consists of an expected re-
turn that will pay expected costs plus another element, a Hurdle Rate, 
which embodies extra risk associated with the investment.86  The intro-
duction of ILUC into regulations incorporates a new layer of uncertainty 
regarding return on biofuel investment.  Investors may be especially con-
cerned about this uncertainty because of the high variability of the ILUC 
coefficient that was noted earlier.  Of course, policymakers can address 
this concern by committing to a pre-specified ILUC coefficient.  Given 

 

 82. Deepak Rajagopal & David Zilberman, Review of Environmental, Economic and Policy As-
pects of Biofuels 7–10 (World Bank Policy Research, Working Paper No. 4341, 2007), available at 
http://papers.ssrn.com/sol3/papers.cfm?abstract_id=1012473. 
 83. See id. at 48–51. 
 84. W. David Montgomery & Anne E. Smith, Price, Quantity, and Technology Strategies for 
Climate Change Policy, in HUMAN-INDUCED CLIMATE CHANGE: AN INTERDISCIPLINARY 

ASSESSMENT 328 (Michael E. Schiensinger et al. eds, 2007). 
 85. See Avinash K. Dixit & Robert S. Pindyck, The Options Approach to Capital Investment, 
HARV. BUS. REV., May–June 1995, at 105, 106–07 (1995). 
 86. See id. at 107–08. 
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variability of ILUC, however, and new methodological developments in 
this field, it would be very difficult to maintain such commitment. 

Another dynamic consideration is technological improvement over 
time.  Learning-by-doing was introduced as a reason for government 
support of infant industries.87  Biofuel and other fledgling renewable 
technologies are in their infancy.  Increasing the stringency of regulation 
through inclusion of ILUC may reduce investment and the future gains 
associated with learning and experience.  Direct emissions from corn 
ethanol were mandated to decline by twenty percent.88  Recognizing the 
potential for technological innovations, regulatory standards may be de-
signed to become stricter over time.  For instance, the upper bound on 
GHG intensity of biofuel under the RFS may be designed to decline over 
time.  Gradual tightening of the upper bound on direct life cycle emis-
sions is a preferable alternative to the ILUC as a means to reduce GHG 
emissions from biofuels. 

A related concern is that ILUC may lead to a sub-optimal evolution 
of climate change policies.  Climate change policies are far from optimal.  
The Copenhagen Climate Change Conference of 2009 failed to reach a 
global agreement.  Policies like the LCFS are part of policy solutions that 
are partial and transitional to global agreement.  One feature of a global 
agreement is that all countries commit to take actions to address climate 
change.  As part of this agreement, countries like Brazil will have to take 
responsibility for managing land use responsibly.  Another property of 
global agreement is that countries design their policies assuming others 
will behave responsibly.  ILUC is based on the assumption that some 
countries (e.g., Brazil and Indonesia) cannot effectively control their land 
use.  Therefore, the United States needs to modify its action and avoid 
some activities with negative direct effects.  The mechanisms that are es-
tablished at the present, however, are likely to affect future agreements.  
Thus, if every country takes a similar approach and incorporates ILUC in 
its policy design, a global agreement will result in a sub-optimal outcome.   

Some of the concern about ILUC reflects a sort of paternalistic ap-
proach to developing countries that is not always warranted.  First, the 
United States does not have a sterling historical track record when it 
comes to land use, although some of the deforestation in the United 
States has been reversed.89  Furthermore, the U.S. attitude toward cli-
mate change thus far is not exemplary, so before getting suspicious and 
adjusting our behavior in response to possible misbehavior of other 

 

 87. Gershon Feder & Andrew Schmitz, Learning by Doing and Infant Industry Protection: A 
Partial Equilibrium Approach, 43 REV. ECON. STUD. 175, 175 (1976). 
 88. Adam J. Liska et al., Improvements in Life Cycle Energy Efficiency and Greenhouse Gas 
Emissions of Corn-Ethanol, 13 J. INDUS. ECOLOGY 58 (2008). 
 89. Steven Hamburg, The Contribution of Forests to Bioenergy: Implications for Mitigating 
Climate Change, Presented at the Third Berkeley Bioeconomy Conference, June 24, 2010, http:// 
www.berkeleybioeconomy.com/wpcontent/uploads//2010/07/Hamburg%20Berkeley%20forest%20bio
energy.pdf. 
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countries, the United States should clean up its own act.  For example, 
introducing pricing of carbon emissions in the United States would allow 
it to have greater moral authority to convince other countries to manage 
their emissions better.   

Furthermore, developing countries, like Brazil, are aware that they 
are the main losers from the depletion of their natural resources, includ-
ing their forests.  As we argued before, their policies are evolving, and 
they are likely to adjust to international agreement that will provide in-
centives to sequester carbon and reduce GHG emissions.  Thus, the 
United States can affect carbon sequestration in other countries by in-
itiating and participating in global agreements that will lead to control of 
GHG emissions.   

We are aware that negotiations on climate change agreements are 
stalling, but the U.S. government and private individuals can affect GHG 
emissions in developing countries by either initiating payment for envi-
ronmental services to preserve certain areas of unique ecological value or 
by introducing sanctions on the sale of products that were not certified to 
meet responsible environmental stewardship behavior.  While these poli-
cies have significant limitations,90 they provide signals that may lead to 
desirable changes in behavior.   

VIII.   CONCLUSION 

This Article argues on several grounds that we should avoid includ-
ing indirect effects such as ILUC in calculation of life cycle–based biofuel 
policies like the LCFS and the RFS.  First, attributing indirect effects to 
individuals violates the basic principal that regulations of externalities 
will hold individuals responsible to activities that they control, not activi-
ties controlled by others.  However, there is a place to adjust policy pa-
rameters to reflect indirect effects.  Second, ILUC is only one type of 
market-mitigated indirect effect of biofuel production policy, therefore, 
proposals that consider only this indirect effect while ignoring others 
have basic logical flaws.  Third, the ILUC of biofuels are unstable and 
may vary significantly over time and be affected by policy choices and 
therefore are difficult to compute and implement.  This extra cost may 
reduce the gain from introduction of ILUC in regulations.  Fourth, be-
cause of the high degree of instability associated with ILUC, the inclu-
sion in biofuel regulation adds another layer of uncertainty that is likely 
to discourage investment in biofuel.  It is expected that continuous in-
vestment in biofuels overtime would lead to learning-by-doing and im-
provements of the technology.  Reduced investment because of inclusion 
of ILUC in policies is likely to decrease the GHG emission reduction 
gains because of lessened technological improvements.   
 

 90. See generally Roger A. Sedjo & R. David Simpson, Land Use: Forest, Agriculture, and Biodi-
versity Competition, in 3 HANDBOOK OF AGRICULTURAL ECONOMICS 2979–3007 (2007). 
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Finally, global problems require global solutions.  Therefore, partial 
policies like the LCFS and the RFS can be good transitional policies, but 
eventually they have to be replaced by global policies where countries 
share responsibilities to reduce GHG.  Well-integrated global policies 
should not include double-guessing in the form of regulating indirect ef-
fects; their inclusion in the transitional policies may establish precedents 
that may negatively affect policy design in the long run.  While the frus- 
tration with the failure to reach a global agreement at the Copenhagen 
Climate Change Conference is understandable, it does not imply that the 
effort to attain integrated policies should stop.  Thus, if the United States 
or the EU are worried about deforestation in the Amazon in response to 
increased biofuel production in the United States or Brazil, then it 
should strive for an agreement with Brazil that includes carrots, such as 
PES for tropical forest preservation, or sticks, such as restrictions on the 
sale of wood products that are not certified to be environmentally.   

Recognition that short-term regulations of biofuel should lead to 
better policies in the long run, should lead to dropping the use of ILUC 
in biofuel regulation.  Instead, governments may consider regulatory 
standards that become stricter over time and thus demand continuous 
improvements in performance over time.  The analytical framework de-
veloped in this paper has mostly addressed some of the problems of 
ILUC but the same line of argument may apply to other forms of indirect 
effects.  Thus, policymakers should think twice before including them in 
regulations of economic activities like biofuel production that generate 
externalities. 
  



ZILBERMAN.DOCX (DO NOT DELETE) 3/4/2011  9:05 AM 

434 UNIVERSITY OF ILLINOIS LAW REVIEW [Vol. 2011 

 


