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We welcome you to the 3rd Quar-
ter, 2008 issue of Choices. You will 
find two timely themes and an inter-
esting individual article which pres-
ent analyses of current importance to 
agricultural, food and environmental 
issues and policy. The first theme ad-
dresses bio-fuels issues starting with 
what has been learned over the past 
several years, environmental issues, a 
European perspective and food-fuel 
relationships. The second theme fo-
cuses on the 2008 Food, Conservation 
and Energy Act features beyond the 
traditional commodity titles. It covers 
average crop revenue insurance, con-
servation, specialty crops and trade. 
A final individual article addresses 
consumer’s response to food safety is-
sues. We trust that you will find these 
articles informative and insightful.

In addition to these quarterly 
Choices issues, AAEA has recently 
posted another in its Policy Issues se-
ries designed to present timely topical 
policy analyses. We hope that you will 
find the article on the proposed en-
try of the world’s largest meatpacker, 
Brazil’s JBS, into the U.S. meatpack-
ing and cattle feeding with antitrust 
implications, informative and valu-
able in your work. If you have not 
seen it, please access it at http://www.
aaea.org/outreach.

We encourage submissions of 
proposals for future themed sets of 
papers, individual articles and timely 
policy issues analyses. Submit theme 
proposals and policy issues propos-
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als to Walter J. Armbruster at walt@
farmfoundation.org, and individual 
papers for the quarterly Choices to 
Clement Ward at clement.ward@ok-
state.edu. We look forward to work-
ing with you to address important 
economic and policy issues affecting 
food, farms, resources and rural com-
munities.
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Agriculture and Biofuels Issues: Cellulose, 
Greenhouse Gases, and EU and U.S. Policies 
Wallace E. Tyner

A number of issues have arisen around the production of 
biofuels from agricultural products. These include evalua-
tion of alternative policies, price impacts, environmental 
considerations, and land use. This agriculture and biofuels 
theme covers some very important topics ranging from lo-
cal to global in scope.

The first paper by Farzad Taheripour and Wally Tyner 
provides an assessment of what these authors have learned 
in economics and policy research related to biofuels over 
the past four years. It covers the linkage between energy 
and agriculture, and the linkage between biofuels and com-
modity prices. It summarizes some of the important con-
clusions with respect to the impacts of various U.S. ethanol 
policy alternatives. In addition it covers the importance of 
the blending wall, surveys some important cellulose etha-
nol issues, and describes a bit of the work on global land 
use change impacts of U.S. and European Union (EU) bio-
fuels policies. 

The second paper by Tom Elam argues that biofuels 
policies in the United States need to be re–examined in 
light of the unintended consequences that have arisen over 
the past couple of years. In particular, he argues that the 
food cost increases may be a heavy price to pay for the 
relatively small energy gains. 

The third paper by Madhu Khanna covers the economic 
prospects for and carbon mitigation potential of cellulosic 
biofuels. She concludes that cellulosic based fuels are likely 
to be more expensive than grain based ethanol. However, 
if environmental externalities are taken into consideration, 
the cellulosic based fuels become more competitive because 
of their advantages in reducing greenhouse gases and other-
wise enhancing ecosystem services. 

 Finally, the fourth paper by Martin Banse, Hans van 
Meijl, and Geert Woltjer examines the consequences of EU 
biofuels policies on agricultural production and land use. 
They make use of a general equilibrium model to estimate 

the impacts of EU biofuels policies and programs and con-
clude that targeted EU biofuels consumption levels would 
have a strong impact on agriculture both in the EU and 
globally. Furthermore, they conclude that without manda-
tory blending, the EU targets cannot be achieved as the 
increased demand for feedstocks would pull up agricultural 
prices to the point that biofuels would be very expensive 
and blended fuel prices would not be competitive. So, 
clearly, these papers cover some of the most important is-
sues in the biofuels arena today.

It is interesting to note that there are sometimes impor-
tant differences among the papers both in terms of value 
estimates and conclusions. For example, Khanna has a cost 
estimate range for corn stover of $82–$101 per metric ton, 
whereas Taheripour and Tyner (from Brechbill and Tyner, 
cited in that paper) use an estimate of $40 per short ton 
(about $44 per metric ton). Most of that difference comes 
from the fact that Khanna included a land opportunity cost 
of $34–$36. per metric ton, but Taheripour and Tyner as-
sumed the land rent would be attributed to the corn. Elam 
attributes much of the food/feed price impact to the etha-
nol subsidy and mandate, whereas Taheripour and Tyner 
argue that a large share of the corn price increase is linked 

Articles in this Theme:
Ethanol Policy Analysis—What Have We  

Learned So Far? . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6

Food or Fuel? Choices and Conflicts. . . . . . . . . . . . . 12

Cellulosic Biofuels: Are They Economically Viable 
and Environmentally Sustainable? . . . . . . . . . . 16

Consequences of EU Biofuel Policies on  
Agricultural Production and Land Use . . . . . . . . 22
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to the oil price increase. Banse, van 
Meijl, and Woltjer find somewhat 
different impacts of EU policies than 
Taheripour and Tyner, although the 
approaches used were somewhat dif-
ferent. 

These kinds of differences are to 
be expected. Readers will find others. 
The differences arise because of differ-

ences in data, assumptions, methods, 
etc. A better sense of the basis for these 
differences will help improve our un-
derstanding of these complex issues. 
We hope that this Choices theme helps 
advance that understanding. 

Guest editor Wallace Tyner is Profes-
sor of Agricultural Economics, Purdue 
University.
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Ethanol Policy Analysis—What Have We 
Learned So Far?
Farzad Taheripour and Wallace E. Tyner

JEL Classifications: Q48, Q42

Having done research on various aspects of ethanol pro-
duction and policy for several years, we decided to take 
stock of what we have learned so far for this paper. Of 
course, our research has benefitted from the work of many 
others, and we will try to capture some of that work as 
well. An assessment of where we are now is particularly 
important because so many changes have occurred in ag-
riculture that are affected by ethanol growth and policy. 
Furthermore, the U.S. ethanol subsidy is set to expire in 
2010, so Congressional action will be taken in 2009 to de-
termine what form future U.S. ethanol policy will take. We 
will group the items under the following general categories: 
linkages between energy and agriculture, biofuels and com-
modity prices, policy analysis, the blending wall, cellulosic 
ethanol issues, and global biofuels impacts. We have done 
our research using firm level models, as well as partial and 
general equilibrium analysis. 

Energy and Agriculture Linkages
Historically, the correlation between energy product and 
agricultural product prices has been quite low (Tyner and 
Taheripour, 2008a and 2008b). The forces determining 
crude oil and other energy product prices have largely been 
different from those determining agricultural commodity 
prices. However, today, with agriculture being called upon 
to produce not only food, feed, and fiber, but also fuel, that 
is all changing. We have shown that in the future, corn and 
crude oil prices can be expected to move together. Previ-
ously, we demonstrated that with break–even analysis at 
the firm level (Tyner and Taheripour, 2008c), and more 
recently with partial equilibrium analysis (Tyner and Ta-
heripour, 2008a and 2008b). The Iowa State group among 
others reach similar conclusions (Elobeid et al., 2007; Tol-
goz et al., 2007; McPhail and Babcock, 2008a and 2008b). 
Figure 1 illustrates the combination of corn and crude oil 
prices which maintain the U.S. ethanol industry at the 

break–even condition under alternative policy options. 
Policy options in this figure are: 45 cent fixed subsidy ef-
fective January 2009 (Fixed Sub); no ethanol subsidy (No 
Sub), a subsidy which varies with the price of curde oil (Var 
Sub), and the 15 billion gallon ethanol Renewable Fuel 
Standard (RFS) (U.S. Congress, 2007).  The fixed blender’s 
credit was changed in the 2008 Farm Bill (U.S. Congress, 
2008) from 51 to 45 cents for corn ethanol. In addition, 
for cellulosic ethanol, there is now an additional produc-
tion tax credit of 46 cents, a small producer credit of 10 
cents and the standard blender’s credit of 45 cents bringing 
the total cellulose credit to $1.01.

Figure 1 shows that the crude and corn prices move 
up together under all alternative policy options. We have 
called this a revolution in American and global agricul-
ture. Since ethanol is a near perfect substitute for gasoline, 
higher gasoline price means more demand for ethanol and 
induces investment in ethanol plants. More ethanol plants 
and production means more demand for corn, which, in 
turn, means higher corn prices. The same is true going in 
the downward direction. If oil price were to fall, less etha-
nol would be demanded, corn would be freed up for other 
uses, and corn price would fall. 

3
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Figure 1. Break–even corn and crude oil prices at the market level



 3rd Quarter 2008 • 23(3) CHOICES �

Biofuels and Commodity Prices
There is no doubt that ethanol pro-
duction in the United States has con-
tributed to higher corn prices. A large 
portion of the growth in corn demand 
is associated with growth in ethanol 
production. In the European Union 
(EU), the same is true for biodiesel 
and vegetable oils. Between 2004 and 
earlier in 2008, crude oil went from 
$40 to $120. Over that same time 
period, corn went from about $2 to 
about $6. With the results from our 
prior work (Tyner and Taheripour, 
2008a, 2008b, and 2008c) one can 
partition the $4 corn price increase 
into two parts: price increase due to 
the U.S. ethanol subsidy and price 
increase due to the demand pull of 
higher crude oil price. The result is 
that about $1 of the increase is due to 
the US subsidy and $3 to the crude 
oil price increase. The crude oil price 
increased due to many factors such as 
higher demand for crude oil, devalua-
tion of the U.S. dollar, political insta-
bility in the Middle East, and many 
other factors. So the crude oil price is 
the major driver in corn price increas-
es, and the U.S. ethanol subsidy less 
so. Of course that was not the case be-
fore the surge in crude oil prices. Prior 
to 2005, the ethanol industry would 
not have existed without the subsidy. 
In our earlier work (Tyner and Ta-
heripour, 2007), we estimated that 
with corn around $2 and no subsidy, 
$60 oil would be required for profit-
able ethanol production. Oil did not 
reach $60 until 2006, so the whole 
development of the ethanol industry 
was enabled by the subsidy. Today, 
the oil price is the larger driver.

Policy Analysis
In addition to the subsidy, the Unit-
ed States has other policies in effect 
as well—a renewable fuel standard 
(RFS) and a tariff on imported etha-
nol. The RFS (U.S. Congress, 2007) 
has to date not been binding; that is, 
the market plus the subsidy have al-
ways produced a higher amount than 

the level of the RFS. Our analysis 
indicates that if oil stays above $120, 
the mandate will not become bind-
ing under normal circumstances. The 
market would produce more than the 
amount dictated by the mandate. Of 
course, if weather events such as the 
2008 flood occurred, the mandate 
could become binding in any given 
year. However, the EPA administra-
tor has authority to waive or reduce 
the RFS under that type of circum-
stance. The major qualification to this 
conclusion would be a continuation 
of very high corn production input 
prices such that the market would be 
unwilling to produce enough corn 
to meet the ethanol, food, feed, and 
export demands without substantially 
higher corn prices. Under that con-
dition, especially if oil prices were 
relatively lower, ethanol plants would 
bring production down to the man-
date level, and the mandate would 
become binding. 

Another U.S. policy is the import 
tariff. The import tariff originally was 
established to offset the U.S. etha-
nol subsidy, which applies to both 
domestic and imported ethanol. 
Clearly, Congress wanted to subsidize 
domestic but not imported ethanol, 
so the tariff accomplished that objec-
tive. Early on, the specific tariff was 
equal to the domestic subsidy of 54 
cents per gallon. However, since then 
the subsidy was reduced to 51 cents 
and will be reduced again in January 
2009 to 45 cents per gallon. In addi-
tion to the specific tariff of 54 cents 
per gallon, there is also an ad valorem 
tariff of 2.5%. The total tariff today 
for an import price of $2/gal. is 59 
cents/gal., quite a bit more than the 
45 cent U.S. subsidy. Brazilian sugar-
cane based ethanol is much cheaper 
to produce than U.S. corn ethanol, 
especially at today’s corn prices. Three 
years ago, Brazilian ethanol was in 
the range of $1.10–$1.20, but with 
depreciation of the U.S. dollar, it is 
now about $1.70 even though the 
Brazilian domestic cost has changed 
little. Adding transport cost and the 

tariff to that cost figure makes Brazil-
ian ethanol not generally competitive 
in the U.S. market today. Imports in 
2008 to date are far below the 2006 
level. However, if the tariff were re-
duced significantly or eliminated, 
there could be substantial imports of 
Brazilian and Central American etha-
nol. If that were to happen, it would 
likely reduce pressure on corn prices. 
Thus, the import tariff is an impor-
tant policy instrument.

The Blending Wall
The blending wall refers to the maxi-
mum amount of ethanol that could be 
blended at the current national blend-
ing level of 10%. Since we consume 
about 140 billion gallons of gasoline 
annually, the theoretical maximum 
amount of ethanol that could be 
blended as E10 is 14 billion gallons. 
The practical limit, at least in the near 
term, is more like 12 billion gallons 
(Tyner, Dooley, Hurt, and Quear, 
2008). We already have in place or 
under construction 13 billion gallons 
of ethanol capacity. At present E85 is 
tiny, and it would take quite a while 
to build that market. There are only 
about 1,700 E85 pumps in the nation 
and few of the flex–fuel vehicles that 
are required to consume the fuel. We 
would need a massive investment to 
make E85 pumps readily available for 
all consumers, and a huge switch to 
flex–fuel vehicle manufacture and sale 
to grow this market. Without strong 
government intervention, it will not 
happen.
What options exist? The most popu-
lar among the ethanol industry is 
switching to E15 or E20 instead of 
E10. The major problem is that auto-
mobile manufacturers believe the ex-
isting fleet is not suitable for anything 
over E10. Switching to a higher blend 
would void warranties on the existing 
fleet and potentially pose problems 
for older vehicles not under warranty. 
In the United States, the automobile 
fleet turns over in about 14 years, so 
it is a long term process. We could 
not add yet another pump for E15 or 
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The third risk is RFS implementa-
tion. Each year, EPA in consultation 
with DOE and USDA must decide 
the level of the RFS for the next year 
for cellulosic ethanol (and the other 
categories included in the RFS). It is 
unclear how this will be done. Given 
the rules of the RFS, it appears  if 
the level is set high enough to absorb 
all cellulosic ethanol produced, the 
firms would be able to market the 
ethanol at a price a bit higher than 
energy equivalent gasoline, but not 
substantially higher. There is an op-
tion for blenders to pay 25 cents per 
gallon for a Renewable Fuel Identifi-
cation Number (RIN) in lieu of actu-
ally blending the fuel. Again, it is not 
clear how this will be implemented. 
The bottom line is that there is con-
siderable policy uncertainty, and that 
uncertainty also will impede invest-
ment.

Finally, there will be difficulties se-
curing raw material supply. It is likely 
that potential cellulosic investors will 
want to be assured raw material sup-
ply before sinking steel and laying 
concrete. Cellulosic ethanol plants 
will have to source locally, unlike corn 
ethanol plants. Two potential sources 
are corn stover and switchgrass. They 
are quite different in many ways. First, 
according to our analysis (Brechbill 
and Tyner, 2008) corn stover is sub-
stantially cheaper that switchgrass. It 
costs about $40 per dry ton compared 
with $60 for switchgrass. This cost in-
cludes fertilizer replacement but does 
not place a value on soil carbon re-
duction. The literature on this topic 
is not consistent, but our reading is 
that most scientists who have worked 
on the issue conclude that one–third 
to one–half of the residue could be 
removed without subsequent adverse 
yield effects (Barber, 1979; Benoit 
and Lindstrom, 1987; Karlen, Hurt, 
and Campbell, 1984; Linden, Clapp 
and Dowby, 2000; and Lindstrom, 
1986). Second, corn stover and other 
residues or waste products clearly and 
unequivocally reduce GHG emissions 
(because there is little or no direct or 

indirect land use change). It might be 
argued that the additional revenue 
stream from corn stover would induce 
more corn planting. There might be a 
very small effect, but we argue that 
the incremental net revenue would 
not be sufficient to cause a significant 
area shift.

Third, corn (and thus corn stover) 
is an annual crop, whereas switch-
grass and similar crops are perenni-
als, meaning in this case that they are 
planted and harvested over a period 
of about 10 years. Ethanol plants will 
want to contract with farmers for 
supply of raw materials. It should be 
easier to come up with contracting 
and risk sharing mechanisms for corn 
stover than for a crop like switchgrass 
that will require long–term contracts. 
This will be new territory for farmers 
and ethanol producers alike. And un-
like corn ethanol, all the raw material 
must be sourced locally—normally 
within 50 miles of the plant. There-
fore, we must develop new contract-
ing and risk sharing mechanisms to 
protect both farmers and ethanol 
producers.

The 2008 Farm Bill contains a 
provision providing incentives for 
farmers to plant and grow cellulosic 
feedstock. It is sort of a plant it, and 
they will come provision. In our view, 
it is ill–conceived in that it will not 
ensure the supply for a plant. The 
only way dedicated cellulose crops 
will get off the ground is if adequate 
private contracting mechanisms are 
developed. The University of Tennes-
see is doing good work on this issue. 

We will need to deal with all these 
issues to successfully launch a cellu-
lose ethanol industry. In terms of pol-
icy, perhaps a variable subsidy would 
be first choice since that is the main 
mechanism for reducing oil price risk 
at low cost. Extension services might 
be used to help bring farmers and 
ethanol producers together to ham-
mer out acceptable contract terms for 
raw material supply. Consideration 
might be given to providing better 

E20. The costs would be huge. So the 
blending wall in the near term is an 
effective barrier to growth of the etha-
nol industry. Without a breakthrough 
(such as cost effective butanol produc-
tion), the EPA administrator will be 
forced to cap the RFS far below the 
planned levels—to the levels that can 
be blended at E10 plus whatever can 
be sold as E85.

Cellulosic Ethanol Issues
Cellulosic ethanol development is 
fraught with risks. There are at least 
four categories of risks: oil price un-
certainty, technological uncertainty, 
RFS implementation uncertainty, 
and raw material supply and con-
tracting uncertainty. A 100 million 
gallon cellulosic ethanol plant is ex-
pected to have a capital cost of at least 
$400 million at current prices. It is 
unlikely investment will occur with-
out policies aimed at addressing these 
uncertainties. We will discuss each in 
turn.

Cellulosic ethanol is likely to be 
economic at oil prices of $140 and 
higher. However, there is absolutely 
no assurance oil price will remain 
that high. Indeed, at this writing it is 
substantially below that level. A pol-
icy, such as a variable subsidy, could 
help alleviate the oil price uncertainty 
risk. Investment is unlikely without 
some change in policy. There are no 
commercial ethanol plants today. The 
increase in the cellulose subsidy de-
scribed above is set to expire in 2012, 
before cellulosic production will oc-
cur, so it will not provide an incentive 
to invest unless promptly extended. 
Many companies and universities are 
doing path–breaking work to develop 
viable technologies. However, mov-
ing from laboratory or even demon-
stration scale to commercial scale is 
quite a leap. It is difficult for govern-
ment policy options to provide pro-
tection against technical risk. Over 
time, the market will accomplish that 
with firms which are able to produce 
economically being the survivors.
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information on RFS implementation 
for cellulosic ethanol to help reduce 
the government policy uncertainty.

Global Biofuels Impacts
Many countries have announced and 
implemented plans and programs to 
increase production and use of bio-
fuels renewable energy. In both the 
United States and the EU programs 
are already in effect that either require 
or provide incentives for significant 
production of bioenergy. China, In-
dia, Indonesia, and Malaysia, among 
others, also have announced and im-
plemented biofuels initiatives. More 
than 13 billion gallons of bio–ethanol 
and about 2 billion gallons of biodie-
sel were produced globally in 2007. 
The ethanol production is driven by 
a combination of high oil prices and 
government support. Biodiesel pro-
duction is driven mainly by govern-
ment support, as it is further from be-
ing economic without policy support 
(OECD, 2008).

This large–scale global implemen-
tation of bioenergy production causes 
global economic, environmental, and 
social consequences. It can affect the 
global economy in several ways. In 
addition, it induces major land use 
changes across the whole globe which 
may lead to significant environmental 
impacts. To assess the global impacts 
of biofuel production, a computa-
tional general equilibrium (CGE) 
framework has been developed. This 
framework builds upon the stan-
dard Global Trade Analysis Project 
(GTAP) database and modeling 
framework and modifies it in several 
ways. Three types of biofuels (ethanol 
from sugarcane, ethanol from crops, 
and biodiesel from oilseed) and their 
byproducts  - distillers dried grains 
with soluble (DDGS) and biodiesel 
byproducts (BDBP) - are explicitly 
introduced into the standard GTAP 
model. The new framework has been 
used in several research activities to 
examine global impacts of biofuel 
production. In this short paper we 
address some key findings of these re-

search activities. In particular, we re-
port some results from Hertel, Tyner, 
and Birur (2008), and Taheripour et 
al. (2008). 

Hertel, Tyner, and Birur (2008) 
have examined the implications of 
U.S. and EU biofuel mandate policies 
for the world economy during the 
time period of 2006–2015. According 
to this paper, biofuel mandates sharp-
ly increase the production of coarse 
grains (mainly corn) in the United 
States and production of oilseeds in 
the United States, EU and Brazil. The 
United States and EU would use a 
large portion of their corn and oilseed 
outputs to meet their biofuel man-
dates for 2015. In the United States, 
the share of corn used in ethanol pro-
duction could increase from 12.7% 
in 2006 to 29.9% in 2015, while the 
share of oilseeds going to biodiesel in 
the EU could increase from 23.3% in 
2006 to 69.2% in 2015. The United 
States and EU mandates policies in-
teract, and the most dramatic interac-
tion between these policies is for the 
U.S. oilseed production. While, the 
U.S. mandates alone would reduce 
U.S. oilseed production, the com-
bination of both the U.S. and EU 
mandates would increase oilseed pro-
duction in the United States. In gen-
eral, about one–third of the growth 
in the U.S. crop cover is attributed 
to the EU mandates. The U.S.–EU 
mandates affect the rest of the world 
as well. The combined policies have 
a much greater impact than just the 
United States or just the EU policies 
alone, with crop cover rising sharply 
in Latin America, Africa and Oceania 
as a result of the combined U.S.– EU 
biofuel mandates. These increases in 
crop cover come at the expense of 
pasture (first and foremost) as well as 
commercial forest. 

Taheripour et al. (2008) have 
revealed the importance of incorpo-
rating biofuel byproducts into the 
economic analysis of biofuels poli-
cies. The model with byproducts re-
veals that production of DDGS and 

BDBP would grow sharply in the 
United States and EU. For example, 
the U.S. production of DDGS would 
grow from 12.5 million metric tons 
in 2006 to 34 million metric tons 
in 2015. A major portion of this by-
product would be used within the 
United States, and the rest would 
be exported to other regions such 
as Canada, the EU, Mexico, China, 
Africa and Asia.. On the other hand, 
the EU production of BDBP would 
grow from about 6.1 million metric 
tons in 2006 to 32.5 million metric 
tons in 2015. The EU production of 
BDBP would be mainly used within 
the region. 

The CGE models with and with-
out byproducts tell quite different sto-
ries regarding the economic impacts 
of the United States and EU biofuel 
mandates for the world economy in 
2015. While both models demon-
strate significant changes in the agri-
cultural production pattern across the 
world, the model with byproducts 
shows smaller changes in the produc-
tion of cereal grains and larger chang-
es for oilseeds products in the United 
States and EU, and the reverse for 
Brazil. For example, as shown in Fig-
ure 2, the U.S. production of cereal 
grains increases by 10.8% and 16.4% 
with and without byproducts, respec-
tively. The difference between these 
two numbers corresponds to 646 
million bushels of corn which could 
be used to produce about 1.7 billion 
gallons of ethanol. This is really a big 
number to ignore and disregard in the 
economic analyses of biofuel produc-
tion.

With byproducts included in the 
model, prices change less due to the 
mandate policies. For example, the 
model with no byproducts predicts 
that the price of cereal grains grows 
22.7% in the United States during 
the time period of 2006 to 2015. The 
corresponding number for the model 
with byproducts is 14%. Introducing 
byproducts into the model alters the 
trade effects of the U.S.–EU man-
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date policies as well. For example, the 
model with no byproducts estimates 
that the U.S. exports of coarse grains 
to the EU, Brazil, and the Latin 
American region would drop sharply 
by –4.8%, –25.5%, and –12.7%, re-
spectively. The corresponding figures 
for the model with byproducts are 
–2.1%, –15.7%, and –7.9%. 

Next Steps
We have learned a lot in the econom-
ic analysis done to date, but there is 
much more work needed. Our next 
step is to improve the data and mod-
els such that we will be able to esti-
mate global land use changes induced 
by national biofuels programs. Land 
use changes are important in estimat-
ing greenhouse gas emissions changes 
associated with biofuels. 
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The quiet world of farming and food production is un-
dergoing a “sea change” of unprecedented proportions. 
Since 2005 we have seen a rise in energy prices coupled 
with policy decisions that have expanded biofuels markets 
for crops that were traditionally used almost exclusively to 
feed people and farm animals. In addition, a weak U.S. 
dollar and increasing global food demand have added to 
the upward price pressure and increased volatility in major 
crop markets. 

Governments of the United States and the Economic 
Union (EU) have reinforced changing market conditions 
with policy choices that tilt the balance towards channel-
ing crop production into biofuel production. The man-
dates and subsidies in these policies are not transparently 
linked to market forces. Debate over the wisdom of mar-
ket–insensitive biofuels policy that adds to crop demand 
and price uncertainty in a time of record–high prices has 
become heated.

The basics of what is happening to market supply and 
demand forces are not difficult to understand. The wrinkles 
added by biofuels policy are, on the other hand, both sig-
nificant and add complexity.

Energy Markets Alone Are Causing Major Changes in 
Agricultural Markets
For economists, the increase in oil prices and the resulting 
link to the energy value of crops has turned out to be a test 
of just how well our theories can predict the outcome. I am 
happy to report that the theories have passed the exam with 
flying colors. This is cold comfort for those paying histori-
cally high prices for gasoline, corn, soybean oil and soybean 
meal, but at least we know “how” and “why”.

Market–based demand for crops used in food produc-
tion is somewhat different from market–based demand 
for biofuel in one important sense. In the food market, as 

production increases price is expected to decline along a 
short–run demand curve. Price–inelastic demand for food 
generally leads to large changes in price for relatively small 
changes in production. Food demand for crops is also not 
strongly linked to other commodity sectors. This is not 
true for demand for food crops used as biofuels. 

The global market for petroleum–based energy alone, 
in terms of energy production, is substantially larger that 
all the potential fuel energy that can be produced from 
the world’s food crops. Unless we are willing to sharply re-
duce food consumption we can use only a fraction, and 
a small one at that, of the current world’s food supply to 
produce fuel. In the world of energy, potential food–based 
biofuel production simply cannot come close to replacing 
a meaningful amount of petroleum, much less total fossil 
fuel consumption. (Including natural gas and coal)The 15 
billion gallon U.S. ethanol RFS for 2012 would use about 
6.2% of the 2008 global grain crop to replace about 6.8% 
of the 2008 U.S. gasoline supply and only 0.8% of global 
oil production. This creates an asymmetric situation where 
the biofuel supply is too small relative to the global energy 
market to have much effect on energy prices, but energy 
prices can have a major effect on food prices. 

To put it simply, the limiting factor on expanding 
food–based biofuel production is the world’s desire for 
food, not fuel demand. Even more simply, we like to eat. 
Open up the possibility of producing biofuels from other 
sources that do not compete for farmland (algae, wood 
waste, manure, solid waste, and others) and the limits on 
production can be expanded. That technology is still, after 
many years of work, “not quite” ready. It may be a factor in 
the long term biofuels market, but not today’s.

If biofuels are priced competitively, they are a near–per-
fect substitute for petroleum fuels. A gallon of ethanol has 
about 66% of the BTU content of a gallon of gasoline. 
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Gallon–for–gallon methyl ester (the 
chemical name for the purified prod-
uct extracted from fats and blended 
with diesel fuel to make bio–diesel) 
has very close to 100% of the BTU 
content of diesel. 

For current engine technology 
that means that, at 66% of the price 
of gasoline, ethanol is a near–perfect 
substitute for gasoline. If E85 (85% 
ethanol, 15% gasoline) is priced at 
71% of the price of gasoline, motor-
ists will not care whether they buy 
regular gasoline or E85 as their fuel 
cost per mile will be about the same. 
Modified engines can take advantage 
of ethanol’s higher octane rating and 
reduce the energy penalty through 
higher efficiency than is possible with 
today’s gasoline–based technology. 
There are none of these engines on 
the market today. Diesel buyers can 
pay the same price for methyl ester as 
diesel and get the same fuel cost per 
mile.

Until oil prices passed about $70 
per barrel the market economics of 
converting crops to fuel were not very 
favorable. Grains and fats were priced 
too high compared to their energy 
value to make it profitable to convert 
them into motor fuels. We did pro-
duce some ethanol and methyl ester, 
but only with the help of govern-
ment subsidies. With oil at over $100 
a barrel in 2008 the value of crops 
converted into fuels has been signifi-
cantly higher than food–market val-
ues of just a few years ago. Subsidies 
are no longer required for biofuels to 
be a viable use of crops. That is a huge 
change in market fundamentals.

So, what happens if crop–based 
production of biofuels is limited to 
only a small fraction of the petro-
leum market and petroleum prices 
suddenly increase, setting values for 
crops that are higher than prevail-
ing food–market prices? According 
to economics textbooks the classic 
market–based process should unfold 
something like this:

1. Biofuel prices will increase with 
energy prices, but crop prices will 
not immediately follow.

2. Biofuel producer profits will in-
crease from higher biofuel prices.

3. Biofuel producers will expand 
production, but with a time lag.

4. Biofuel production increases are 
too small to have a material affect 
on overall fuel prices.

5. However, as biofuel production 
grows so does demand for the 
crops used.

6. Production of the biofuel crops 
is limited by available land and 
yields, less of those crops are avail-
able for food use.

7. The biofuel crops will take acres 
from other crops, and their prices 
will also increase.

8. With time lags, higher crop prices 
will be reflected in higher food 
prices and lower food produc-
tion.

9. Higher demand for limited crop 
supplies will cause crop prices to 
increase until biofuel profits dis-
appear and fuel value of crops 
equals food value.

10. Biofuel expansion will stop, and 
some marginal producers may 
exit. 

11. If crop production increases 
enough to cause a crop price de-
clines, loop back to Step 3.

Although it seldom happens in real 
life, the economics textbooks in this 
case predict what has happened up 
through Step 9. A marked slowing 
of new ethanol plant construction 
indicates that Step 10 is also in the 
process of occurring. Longer term 
implications of higher energy prices 
for agricultural markets include, but 
are not limited to:
1. Energy markets and food markets 

become tightly coupled. That is, 
increases (decreases) in energy 
prices will cause crop prices and 
food production costs to increase 
(decrease).

2. Prices for crops and feedstuffs 
other than those used for biofuels 
will also be affected due to compe-
tition for land and substitution in 
use.

3. Land prices and rents will move 
in tandem with changing energy 
prices; landowners are potentially 
the major beneficiaries in the form 
of higher land prices.

4. High (relative to pre–2007) en-
ergy prices will cause increased 
demand for farm inputs and will 
cause crop production costs to in-
crease.

5. Food production volume will be 
affected by the demand and price 
for energy via the biofuels mar-
ket.

Bruce Babcock of Iowa State Uni-
versity and Wallace Tyner of Purdue 
University have come to essentially 
these same conclusions (Babcock) 
(Tyner).

Energy Policy Reinforcing the 
Energy Market Linkage to Agri-
culture and Food

Energy policy affects food and 
agriculture through biofuels and 
their links to both energy production 
and crop demand and use. The bio-
fuel policy tools commonly used are 
subsidies for biofuel producers, man-
dated production and/or use, and tar-
iffs designed to protect the domestic 
market. Current U.S. policy makes 
use of all three of the tools. EU policy 
is focused in mandates.

Mandated use of ethanol in the 
United States was first proposed in 
2003, but not enacted until 2005. 
The Energy Policy Act of 2005 had an 
ethanol mandate (the Renewable Fuel 
Standard, or RFS) that was relatively 
modest and did not have a significant 
effect on agricultural markets. How-
ever, enacted on December 19, 2007, 
the Energy Independence and Secu-
rity Act of 2007 (EISA) set forth a 
much higher RFS.
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To put the higher EISA RFS in 
perspective, the crop year 2008/2009 
EISA RFS is about 10 billion gal-
lons of ethanol. It would require at 
least 91 million tons of corn be used 
from the 2008 U.S. crop. USDA is 
currently (as of August 12, 2008) 
forecasting 104 million metric tons 
of corn use, about 4% of total global 
grain production, for ethanol produc-
tion from the 2008 corn crop. While 
the 2008/2009 ethanol mandate may 
be slightly smaller than forecast pro-
duction, the presence of a market 
guarantee of this magnitude could be 
underpinning current corn prices.

In addition to the RFS mandate, 
U.S. policy also grants the biofuels 
industry tax credits, paid to the com-
pany that blends ethanol or biodiesel 
with petroleum fuels. The tax credits 
do not adjust with market condi-
tions. Fixed cash infusions into bio-
fuel use raise the value of biofuels to 
the blending company and raise the 
market price of biofuels without re-
gard to energy or crop prices. With 
higher biofuels prices the biofuel 
producer has an advantage over other 
crop buyers. However, there can be 
only one market price for any crop, so 
the biofuels industry eventually bids 
much of the value they receive from 
the tax credits into crop prices. The 
tax credits are adding to the upward 
pressure on crop prices on top of the 
market pressures from higher energy 
prices.

The end result with both the tax 
credits and mandates is that much of 
their value will always eventually be 
bid into biofuel prices, and then crop 
prices. Crop farmers, not the ethanol 
industry, become the major benefi-
ciaries of the tax credits. Eventually, 
higher crop prices will be capitalized 
into land prices, and the ultimate 
benefit will accrue to landowners.

Finally, the ethanol tariff of $0.54 
per gallon is a barrier which helps 
protects U.S. ethanol producers from 
more efficient producers outside of 
the United States. However, in a sense 

the tariff and tax ethanol credit can-
cel each other, and the net effect is to 
deny foreign ethanol producers the 
value of the U.S. tax credit paid for 
all ethanol in the prices they receive.

There has also been political fall-
out over biofuels policy. The voice of 
agriculture is fracturing along lines of 
crop producers versus crop users. As 
the public sees crop farmer income 
grow while their food prices increase 
(MSNBC) support for farm programs 
and biofuels policy may erode.

What Happens When Policy 
Meets Cold Reality?

History teaches us that in most 
cases reality eventually wins. We also 
often see “unintended consequences.” 
Energy policy can set any mandated 
level of ethanol production, but even 
the U.S. Congress or the President 
cannot change the weather or double 
crop yields overnight. Actually, to re-
place just 50% of U.S. gasoline con-
sumption with E85 would take 100 
billion gallons of ethanol.  Including 
9 billion for food, feed and exports, 
corn production would need to be 
over 40 billion bushels to make that 
happen.  From 80 million acres of 
U.S. corn it would take a yield of over 
500 bushels per acre. We are currently 
at about 160 bushels in a good year.  
We also would still be importing sig-
nificant amounts of crude oil. When it 
appeared that the 2008 corn and soy-
bean crops were at risk from flooding, 
corn prices soared to unprecedented 
highs. On June 18, 2008, several 
corn futures contracts closed at over 
$8 for the first time ever. Cash corn 
was selling for close to $9 per bushel 
in California. Prices of soybeans and 
wheat were also on the rise. Within 
a few weeks it became apparent that 
the crops were improving, and prices 
declined, but remained at historically 
high levels. 

Why did this happen when even 
a damaged 2008 corn crop could 
still have been the 4th largest on re-
cord? A major factor was likely that 

for the first time in history we had 
$140+ crude oil prices coupled with 
an expanded biofuels industry with a 
RFS mandate large enough to use suf-
ficient grain relative to production to 
make a substantial difference in crop 
prices. 

While improved weather at least 
temporarily alleviated the 2008 sup-
ply crunch, it is not clear at this point 
just how such a scenario of tight crop 
supplies and EISA policy will inter-
act. Corn prices at the levels of June, 
2008 were not profitable for ethanol 
producers, food or animal feed users. 
We were, for a few weeks, in an un-
precedented bidding process to deter-
mine who was to have access to a corn 
crop that was predicted to be much 
smaller than that of 2007. At some 
point we would have reached prices 
that would have rationed use, or the 
RFS would have been reduced. Had 
the RFS been reduced, prices may 
have dropped sharply overnight.

Finally, along with higher crop 
prices we have also seen a marked 
increase in price volatility. The coef-
ficient of variation of monthly 2007–
crop cash corn prices has been about 
three times the level of the 2000–2006 
crops. The increased demand for bio-
fuels, partly market driven and partly 
as a result of policies promoting their 
production, has reduced crop stocks 
levels, driving price volatility higher. 
Less stable crop prices raises another 
set of issues regarding how crop users 
will manage higher risks.

Why We May Need to Re–exam-
ine Current Energy Policy
Arguably, the biofuels features of the 
Energy Independence and Security 
Act of 2007 (EISA) will achieve few of 
the goals implied by the law’s name. A 
recent Iowa State study of EISA poli-
cies concludes that they are in fact not 
designed to promote cleaner energy 
production, energy independence 
or energy security, but rather are in-
tended to increase farm incomes and 
land prices (Rubin, Carriquiry, and 
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Hayes). The study examined a wide 
range of policy options, and con-
cluded that the policy set contained 
in EISA had the largest benefit for 
agriculture of the options examined. 
In their conclusions the authors state 
“There is strong evidence to suggest 
that the primary purpose of these 
(EISA biofuel) polices was to remove 
land from food and feed production 
and in so doing to increase farmers’ 
and landowners’ incomes.”

By establishing price–insensitive 
subsidies and mandates EISA also 
partially isolates a large portion of key 
crops from market forces, pushing 
adjustments in production and prices 
onto the food production sector. The 
result is higher, more volatile, food 
prices and reduced security of our 
world’s food supply. Increased biofuel 
production, subject to the whims of 
weather, also arguably reduces even 
our overall fuel security. 

The payoff for ESIA biofuels 
policy is small relative to the energy 
market. Even if the 36 billion gallon 
EISA mandate for 2022 could be met 
it would not make a material change 
in the country’s dependence on for-
eign oil. The petroleum equivalent 
of the mandate is about 570 million 
barrels of oil per year, or only about 
15% of 2008 U.S. oil imports. That 
still leaves the U.S. highly vulnerable 
to world oil market interruptions.

On equity grounds biofuels policy 
has helped promote a transfer of in-
come and wealth from food consum-
ers and crop users to crop producers 

and land owners (Taheripour and 
Tyner). In effect, biofuels policy can 
be seen as a regressive food tax, the 
proceeds of which largely go to farm 
owners. 

Current U.S. biofuels policy de-
serves to be revisited by Congress and 
the Administration. Together with 
oil price instability, EISA’s inflexible 
biofuel mandates, subsidies and tar-
iffs have increased both costs of food 
production and price volatility. Both 
higher costs and higher risks have 
been imposed on the food produc-
tion sector. 

At a minimum, a more flexible 
biofuels policy that is responsive to 
agricultural and energy market reali-
ties should be preferable to the fixed 
tax credits, RFS and tariffs contained 
in EISA. An energy policy that more 
strongly emphasizes energy conserva-
tion and fuel production from non-
food sources, including incentives 
to increase U.S. oil and natural gas 
production, could also be part of that 
debate. 

To solve the potential dilemma of 
“food vs. fuel” demands that we ef-
fectively address long– term energy 
consumption, production and prices. 
Failure to do so could lead to a fu-
ture of significant increases in global 
food and energy costs, a marked de-
cline in global living standards, and 
an increase in global poverty rates. If 
this happens the world will be neither 
a more independent nor secure place 
to live.
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Biofuels are being extensively promoted for their poten-
tial to contribute to energy security, stable energy prices, 
and climate change mitigation in the United States. A key 
constraint to our ability to expand biofuel production to 
significantly reduce dependence on fossil fuels is likely to 
be the limited amount of agricultural land available to pro-
duce food, feed and energy crops. The use of crop residues 
like corn stover, wood chips and high yielding herbaceous 
energy crops such as perennial grasses is being explored 
to mitigate this competition for land and achieve higher 
quantities of biofuel per acre of land than being achieved 
by corn–grain based ethanol. Among herbaceous energy 
crops, miscanthus and switchgrass have been identified as 
promising crops because they have higher yields than other 
perennial grasses, provide high nutrient use efficiency and 
require growing conditions and equipment similar to those 
for corn, which makes them compatible with conventional 
crop cultivation (Heaton et. al., 2004). They also have sev-
eral positive environmental attributes.

To be economically viable, energy crops must compete 
successfully both as crops and as fuels. Biofuels produced 
from these energy crops (referred to as cellulosic biofuels) 
need to compete with fossil fuels and corn–based ethanol. 
Owners of cropland will produce cellulosic feedstocks only 
if they can receive an economic return that is equivalent to 
or preferably higher than the returns from the most profit-
able conventional crops, particularly if energy crop produc-
tion is exposed to more price risks. The foregone returns 
from these conventional crops are the opportunity cost of 
using cropland for producing energy crops. Geographical 
variations in the costs of producing these crops and in the 
opportunity costs of land are likely to make the economic 
viability of cellulosic biofuels differ across locations.

Energy crops and the cellulosic biofuels produced from 
them offer the potential for various environmental benefits 
compared to the row crops they may displace and com-
pared to grain–based ethanol. These include reduced soil 
erosion and chemical run-off, extended habitat for wildlife, 
stabilization of soil along streams and wetlands, sequestra-
tion of more carbon in the soil than row crops grown using 
conservation tillage, and lower input requirements for en-
ergy, water and agrochemicals per unit of biofuel produced 
(McLaughlin and Walsh, 1998; Semere and Slater, 2007). 
These environmental benefits tend to differ across different 
energy crops, due to differences in their energy input re-
quirements, ability to sequester carbon in the soil, canopy 
cover and palatability of leaves for insects. There have been 
some concerns that miscanthus, as an introduced species, 
might be an invasive plant. However, most varieties used 
for biofuel production (like Miscanthus x Giganteus) are 
sterile hybrids and do not produce seed. Environmental 
groups are also concerned that demand for biofuels might 
lead to the dominance of single species of perennial grasses 
within a landscape rather than polycultures with mixed 
prairie grasses, like Indian Grass and Big Bluestem, which 
would enhance biodiversity. 
The potential to mitigate greenhouse gas emissions by us-
ing biofuels for transportation is a key benefit, since there 
are few substitutes for transportation fuel given current ve-
hicle technology. We will examine the costs of producing 
biofuels from alternative feedstocks (corn stover, switch-
grass and miscanthus) using data for Illinois. Life–cycle 
analysis allows us to estimate the CO2 mitigation potential 
of these feedstocks relative to gasoline. We will then discuss 
the implications of valuing these CO2 mitigation benefits 
for the competitiveness of these feedstocks relative to each 
other and to gasoline. 
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Costs of Cellulosic Feedstocks
The economic potential of cellulosic 
feedstocks depends on their yields, 
input requirements and costs of pro-
duction and is expected to vary spa-
tially with differences in climatic and 
soil conditions. Corn (and thus corn 
stover) require good soil quality while 
perennial grasses require long grow-
ing periods and higher temperatures 
and can be grown on less fertile lands. 
Corn stover yields are expected to be 
in the ratio of 1:1 with corn yields 
and to range from a low of 2.25 t dm 
per acre (metric tons of dry matter per 
acre, with 1kg=0.001 metric ton) in 
southern Illinois to a high of 4 t dm 
per acre in northern and central Illi-
nois; of this, the amounts that can be 
sustainably harvestable vary between 
40% and 70% depending on tillage 
practice (Sheehan et al., 2004). In 
contrast to this historically observed 
pattern of corn yields, peak yields of 
miscanthus (simulated using a crop 
productivity model), are estimated 
to be lower in northern Illinois (12 t 
dm per acre) than in southern Illinois 
(18 t dm per acre) (Khanna, Dhun-
gana and Clifton-Brown, 2008). The 
spatial pattern of switchgrass yields is 
expected to be similar to that of mis-

canthus, however, switchgrass yields 
are about a quarter of those of mis-
canthus based on field experiments 
conducted in Illinois and Iowa. Yields 
per acre of these crops influence not 
only their costs of production per ton 
but also the volume of biofuels that 
can be obtained per acre of land and 
thus the amount of land that would 
need to be diverted from row crops 
to meet a given level of biofuel pro-
duction.

Table 1 presents an estimate of 
annualized costs of producing switch-
grass and miscanthus and the annual 
costs of collection of corn stover in 
2007 prices. These cost estimates are 
developed for average delivered yield 
levels for Illinois (for details about 
agronomic assumptions see Khanna, 
Dhungana and Clifton-Brown, 2008; 
Khanna and Dhungana, 2007). 
Switchgrass is assumed to have a life 
of 10 years, while miscanthus is as-
sumed to have a life of 20 years.

Fertilizer and chemical input re-
quirements for corn stover and energy 
crops relative to conventional crops 
are fairly low. In the case of corn sto-
ver, fertilizer applications are needed 
to replace the nutrients removed 

with the stover to sustain soil fertil-
ity (Sheehan et al., 2004). The largest 
component of the costs of produc-
ing cellulosic feedstocks is the cost of 
harvesting, baling and storing them, 
particularly if they are stored in an 
enclosed building for several months 
after harvest. Since there is consider-
able uncertainty about the methods of 
harvesting and storage of biomass, we 
consider two alternative scenarios for 
estimating baling and storage costs. 
In the high cost scenario, we consider 
baling costs per acre as linearly related 
to the yield per acre, while in the low 
cost scenario, we treat a portion of 
the baling costs (those related to the 
equipment, tractor and implements) 
as fixed and a portion as variable 
(fuel and labor) that depend on the 
biomass yield to be baled. The high 
cost scenario also considers storage of 
bales in an enclosed building, while 
the low cost scenarios assumes it is on 
the field on crushed rock and covered 
by tarp. 

Another large component in the 
case of energy crops is the opportu-
nity cost of the land, which is tied to 
the price of row crops such as corn 
and soybeans. In the case of corn sto-
ver, we assume that the use of stover 

Table 1. Farmgate Costs of Production of Cellulosic Feedstocks in Illinois 

Cost Items ($/Acre) Switchgrass Miscanthus Corn Stover
                                            Scenario High Low High Low High Low

Fertilizer ��.� ��.� 29.8 29.8 1�.3 1�.3
Chemicals �.� �.� 0.� 0.� - -
Seed �.0 �.0 �0.8 �0.8 - -
Interest on operating inputs �.� �.� �.1 �.1 1.1 1.1
Preharvest Machinery 1�.1 1�.1 11.0 11.0 - -
Harvesting 8�.8 ��.0 2��.� 1�1.� �9.� �0.2
Storage ��.2 10.2 199.3 3�.� �1.� �.9
Annualized Total Operating Cost 242.2 175.4 595.9 308.4 127.3 84.1
Annualized deliverable yield (t dm/acre)a 2.� 2.3 8.� 8.1 1.9 1.8

Opportunity cost of land ($/ t dm)b 1�9.� 189.0 �1.9 ��.� �3.9 ��.3
Break–even total cost ($/t dm) 277.8 264.2 122.0 92.9 111.3 93.1

a Deliverable yield at the farm gate estimated after including losses during harvest and storage. Losses during storage are assumed to be �% of harvested yield in 
the low cost scenarios and 2% in the high cost scenario.
b Opportunity cost of land is estimated assuming a price of $� per bushel for corn and $12 per bushel for soybeans and a yield of 1�� bushels/acre for corn and �0 
bushels/acre for soybeans with a corn–soybean rotation.
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for biofuels leads farmers to switch 
from a more profitable corn–soybean 
rotation to a corn–corn rotation with 
a 12% lower yield of corn, imposing 
an opportunity cost of land. As can be 
seen in Table 1, the per ton costs of 
producing switchgrass are more than 
two times higher than those of mis-
canthus and corn stover, in large part 
because of the high opportunity cost 
of using land given switchgrass yields. 
The per ton costs of producing mis-
canthus are similar to those of corn 
stover in the low cost scenario.

The costs of producing these feed-
stocks vary considerably spatially due 
to differences in their yields as well 
as differences in the costs of land as 
shown in the case of Illinois in Figure 
1. Costs of producing corn stover are 
relatively lower in parts of northern 
and central Illinois where corn yields 
are high while those of miscanthus 
are relatively low in the southwestern 
and southern regions of Illinois where 
its yields are high. Costs of produc-
ing switchgrass in Illinois are much 
higher than those of corn stover and 
miscanthus (given its present yields). 
Thus, unlike the present generation 
of ethanol which is dominated by a 
single feedstock, corn, the next gen-
eration of (cellulosic) biofuels in the 
United States might be produced 
from a mix of feedstocks with more 
corn stover being used in central and 
northern Illinois and more miscan-
thus in southern and southwestern 
Illinois. 

Table 2 shows the quantity of 
ethanol per hectare of land with dif-
ferent feedstocks with current yield of 
2.8 gallons of corn ethanol per bushel 
of corn and projected yield of 87.3 
gallons per delivered metric ton dm 
of cellulosic feedstocks (Wallace, Ib-
sen, McAloon and Yee, 2005). Costs 
and yield estimates in Table 2 are un-
der the high cost scenario described 
above. Miscanthus can produce more 
than twice as much ethanol as corn 
can per unit of land and more than 
three times as much as corn stover or 

switchgrass. Miscanthus can produce 
at least 30% more ethanol per acre of 
land than combined ethanol produc-
tion from corn grain and corn stover.

Costs of Producing Cellulosic 
Biofuels
The per gallon cost of producing 
biofuel in Table 2 includes farmgate 
cost of the feedstock (including cost 
of land), cost of converting the feed-
stock into fuel, and credit for the 
value of coproducts produced during 
the conversion process (for example, 
dried distillers grains in the case of 
corn ethanol and electricity in the 
case of cellulosic biofuels). The tech-
nology for producing cellulosic biofu-

Figure 1. Farmgate Costs of Producing Cellulosic Feedstocks in Illinois 
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Table 2. Quantity and Costs of Production of Biofuels

Gallons per 
Acre 

Feedstock 
Cost

Cost of 
Conversion

Coproduct 
Credit

Totala

Dollars per Gallon of Ethanol
Corn Ethanol 398.�� b 1.82 0.�8c 0.�8 2.12

Corn Stover 1��.0�d 1.2� 1.�� 0.12 2.�2

Miscanthus ��2.�� 1.�0 1.�� 0.12 2.��

Switchgrass 21�.�� 3.18 1.�� 0.12 �.�3

a Wholesale costs at the refinery including zero return to equity. Feedstock cost for corn ethanol assumes 
$�/bu corn.
b 

 Assuming an average yield of 1�� bushels/acre under a corn-soybean rotation; c http://farmdoc.uiuc.edu; 
d Assuming average yield under a corn-corn rotation.

els is not yet commercially available. 
Projected estimates of these costs for 
cellulosic biofuels produced in a bio-
refinery with a 25 million gallon a 
year capacity are obtained from Wal-
lace, Ibsen, McAloon and Yee (2005) 
and updated to 2007 prices using the 
GDP deflator. As can be seen from 
Table 2, delivered feedstock costs per 
gallon for corn stover and miscanthus 
are lower than those for corn. How-
ever, even optimistic projections of 
costs of conversion for cellulosic fuels 
($1.46/gallon) are about twice as high 
as those of corn ethanol ($0.78/gal-
lon) making cellulosic biofuels from 
corn stover and miscanthus 24% and 
29% more expensive than corn etha-
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nol, respectively. Biofuel from switch-
grass is more than twice as expensive 
as corn ethanol making it very un-
likely that current varieties of switch-
grass will be competitive on cropland 
in Illinois unless their yields improve 
dramatically.

The market demand for cellulosic 
biofuels will depend on their com-
petitiveness relative to corn ethanol 
and gasoline. The market price of 
denatured corn–ethanol is increas-
ingly being determined by its energy 
content (which is about two–thirds of 
that of gasoline) and the blender’s tax 
credit (Tyner and Taheripour, 2008). 
The recently enacted Energy Bill and 
Farm Bill provide several new incen-
tives to encourage production of cel-
lulosic biofuels while lowering the 
blenders’ tax credit for corn ethanol 
from $0.51 per gallon to $ 0.45 per 
gallon.

Current Policy Incentives for Cel-
lulosic Biofuels
To induce a market demand for cel-
lulosic biofuels, the Energy Indepen-
dence and Security Act of 2007 has 
imposed a renewable fuels standard 
of 36 billion gallons of ethanol by 
2022. It mandates 21 billion gallons 
of advanced biofuels that can reduce 
life–cycle greenhouse gases by 50% 
relative to baseline levels. The recent 
Food, Conservation and Energy Act 
of 2008 includes more than $1 bil-
lion to provide incentives to farmers 
to grow cellulosic feedstocks and to 
biofuel producers to use cellulosic 
feedstocks. This includes a $1.01 per 
gallon tax credit for producers of cel-
lulosic biofuels and cost share pay-
ments (up to 75% of establishment 
costs, plus annual payments to cover 
the cost of the land during establish-
ment and $45 per ton to cover costs 
of harvest, storage and transport). It 
also provides assistance for cellulosic 
biorefineries and for research and 
development, and incentives for us-
ing biomass (instead of fossil fuels) 
to power existing ethanol plants, thus 
creating a market for biomass feed-

stocks. Whether these incentive pay-
ments will stimulate production of 
cellulosic biofuels will depend on the 
price of gasoline, the costs at which it 
will be commercially viable to convert 
cellulosic feedstock into fuel and the 
costs of producing corn–based etha-
nol. 

Policy Incentives to Encourage a 
Sustainable Mix of Biofuels
From a social efficiency perspective, 
the case for government interven-
tion in biofuel markets is arguably 
justified, if biofuels reduce market 
failures caused by environmental ex-
ternalities. If market prices of biofuels 
do not reflect environmental benefits 
then they are likely to lead to under–
production of biofuels. Market based 
policies that reward environmental 
services are preferable to arbitrarily 
set mandates or subsidies. Biofuels 
not only provide a renewable source 
of energy but also a range of other en-
vironmental benefits. These benefits 
differ across biofuels from different 
feedstocks. While some feedstocks 
such as switchgrass may provide bet-
ter habitats for wildlife, others such as 
miscanthus may have greater green-

house gas mitigation potential. Feed-
stock derived from native mixed prai-
rie grasses such as Indian grass and 
Big Bluestem contribute to enhanced 
biodiversity in the agricultural land-
scape and other ecological benefits 
but have much lower yields than even 
switchgrass. We estimated the average 
greenhouse gas mitigation potential 
of alternative biofuels in Illinois rela-
tive to gasoline using the Greenhouse 
Gases, Regulated Emissions, and En-
ergy Use in Transportation (GREET) 
model (http://www.transportation.
anl.gov/software/GREET/) (Table 3). 
The estimates below are illustrative 
based on current knowledge and rea-
sonable assumptions about input ap-
plication rates, energy requirements 
and emissions coefficients. 

While corn and corn stover reduce 
greenhouse gas emissions (includ-
ing soil sequestration) by 37% and 
94%, respectively, relative to energy 
equivalent gasoline, miscanthus and 
switchgrass can serve as net carbon 
sinks. These estimates show that corn 
ethanol produced with the current 
production technology would not 
qualify as being an advanced biofuel.

Table 3: Life Cycle Carbon Emissions Kg CO2 per Gallon of Ethanol
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While volumetric subsidies and 
cost–share payments are market–
based policies, they do not distin-
guish among biofuels based on their 
environmental sustainability and are 
likely to encourage production of 
feedstocks that have high yields per 
acre and low costs of production. 
They also tend to make fuel cheaper 
and lower cost of vehicle miles for 
consumers which tends to increase ve-
hicle miles travelled and can reduce or 
even negate any greenhouse gas miti-
gation benefits due to substitution of 
renewable fuels for gasoline (Khanna, 
Ando and Taheripour 2008). Sub-
sidies for corn–ethanol have also 
tended to expand production of corn 
grain ethanol and contributed to 
the rise in corn prices (Abbott, Hurt 
and Tyner, 2008). An alternative ap-
proach would be to provide carbon 
mitigation subsidies, the magnitude 
of which would depend on the mar-
ket price of CO2. Most analysts expect 
the price of CO2 to be around $34 per 
metric ton over the 2008–2012 pe-
riod in Europe (http://www.euractiv.
com/en/climate-change/european-
co2-emissions-2007/article-171327). 
At this price, the carbon mitigation 
(including sequestration) provided by 
biofuels relative to gasoline (indicated 
in Table 3) would imply a subsidy 
of $0.09, $0.24, $0.33 and $0.45 
per gallon ethanol from corn, corn 
stover, miscanthus and switchgrass, 
respectively. Other environmental 
services provided by cellulosic feed-
stocks could be similarly monetized 
using appropriate values to correct 
the market prices of biofuels.

A Final Note
Crop residues can be used for cellulos-
ic biofuel production without creat-
ing a food–fuel competition for land. 
A USDA/USDOE (2005) report es-
timates that 68 million metric tons 
of corn stover could be sustainably 
harvested from existing corn acres in 
the United States with a potential to 
produce 7 billion gallons of cellulosic 
biofuels. This would meet only about 

a third of the ethanol mandate for ad-
vanced biofuels in 2022 in the United 
States necessitating the development 
of other feedstocks such as switch-
grass and miscanthus that are promis-
ing due to their relatively high yields 
per acre and low input requirements. 
This article explores the economic vi-
ability of these feedstocks using data 
for Illinois and finds that it is likely to 
differ across geographic locations. A 
mix of cellulosic feedstocks is, there-
fore, likely to be more economically 
viable than a single feedstock. Cur-
rent estimates suggest that cellulosic 
biofuels are likely to be more expen-
sive to produce than grain–based 
biofuels. However, the advent of new 
technologies for harvesting, storing, 
and converting cellulosic sources into 
biofuels could make them more com-
petitive. Rewarding biofuels based on 
their environmental services would 
help to internalize environmental ex-
ternalities and promote a sustainable 
mix of feedstocks. Aligning energy 
policy and climate policy through 
tax credits that are inversely related 
to their carbon footprint can provide 
incentives to produce low carbon cel-
lulosic feedstocks. Policy incentives 
could also be created to encourage 
feedstocks that increase biodiversity 
and enhance ecosystem services. 
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World–wide expansion in the production of biofuels is 
currently one of the hot topics on the agenda of agricultur-
al and food research. On the one hand the development is 
welcomed as an additional source of income for farmers on 
otherwise saturated markets for agri–food products. One 
the other hand, however, there are growing concerns that 
with biofuels the level and volatility of agricultural world 
prices which are now linked to the development of the 
crude oil price will increase further. A few papers study the 
causes of the current increase in prices and contribution of 
biofuels (see, e.g. Von Braun, 2008; Banse, Nowicki, 2008; 
OECD–FAO, 2008; Trostle, 2008).

For the European Union (EU) the driver in biofuel 
production is mainly political, including tax exemptions, 
investment subsidies and obligatory blending of biofuels 
with fuels derived from mineral oil. Increasing biofuel pro-
duction either due to ‘pure’ market forces and/or ‘policy’ 
has significant impacts on agricultural markets, including 
the trade in agricultural raw materials. Linkages between 
food and energy production include the competition for 
land, but also for other production inputs. For instance, 
the effect of an increasing supply of by–products of biofuel 
production such as oil cake and gluten feed also affects ani-
mal production.

EU Biofuel Markets and Policies
European biofuel production is based more on biodiesel 
production compared to ethanol production. At the cur-
rent level biodiesel accounts for more than 6.0 million t 
while ethanol production in Europe is about 3.0 million t. 
Almost half of the EU biodiesel is produced in Germany 
where it was stimulated by tax exemptions, Figure 1. In the 
European Union in 2004, about 0.4% of the EU cereal 
and 0.8% of the EU sugar beet production was used for 
bioethanol, and more than 20% of oilseed production was 

Figure 1. Biodiesel and bioethanol production in se-
lected regions of the EU, in million tons, 2003 to 2007 
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Figure 1: Biodiesel and bioethanol production in selected regions of the EU, in million 
tons, 2003 to 2007 
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indicative targets for Member States. To help meet the 2010 target—a 5.75% market share for 

biofuels in the overall transport fuel supply—the EU Commission has adopted an EU Strategy 

for Biofuels. The ‘European Union Biofuel Strategy’ (European Commission, 2003) and the 

’Renewable Energy Road Map’ (European Commission, 2008) propose an overall binding 

target of 20% renewable energy by 2020 and a 10% biofuels target by 2020. 

These goals are not yet mandatory, but this might be changed and a discussion about 

higher shares in the future is ongoing. These measures were accompanied by measures giving 

additional leeway to member states for tax exemptions in favor of biofuel. Germany, for 
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Biofuels are just one element in the complex EU strategy 
to meet the future energy demand. The EU Biofuels Direc-
tive presented by the EU Commission in 2003, set out in-
dicative targets for Member States. To help meet the 2010 
target—a 5.75% market share for biofuels in the overall 
transport fuel supply—the EU Commission has adopted 
an EU Strategy for Biofuels. The ‘European Union Biofuel 
Strategy’ (European Commission, 2003) and the ’Renew-
able Energy Road Map’ (European Commission, 2008) 
propose an overall binding target of 20% renewable energy 
by 2020 and a 10% biofuels target by 2020.

These goals are not yet mandatory, but this might be 
changed and a discussion about higher shares in the future 
is ongoing. These measures were accompanied by measures 
giving additional leeway to member states for tax exemp-
tions in favor of biofuel. Germany, for example, subse-
quently made use of the full tax exemption which has been 
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a key determinant for the remarkable 
growth of its biofuel use. The Ger-
man tax exemption stopped at the 
beginning of 2007. We did not take 
this elimination of the tax exemption 
into account in our baseline. Howev-
er, the impact of that elimination was 
a clear decline in the use of biofuels 
in Germany. This example underpins 
the importance of policy measures to 
enhance biofuel consumption in the 
EU. Most of the EU member states 
are far from reaching the target of 
5.75% in 2010 with a current average 
use of biofuels in transport of around 
1.5%. 

However, in many EU member 
states the biofuel shares for transpor-
tation purposes increased during re-
cent years. This development can be 
explained by the above mentioned 
introduction of tax exemptions for 
renewable energies but also by an 
increase in oil prices which changes 
the relative prices in favor of biofuels. 
This endogenous growth can be ex-
pected to continue under a continu-
ously increasing price for fossil fuels. 
However, the question to be consid-
ered is whether the objective can be 
reached in 2010.

Consequences of EU Biofuels 
Policies
To analyze the impact of enhanced 
use of biofuels as the consequence of 
the EU Biofuels Directive requires 
an analytical tool which considers 
not only the agricultural but also the 
energy markets. Within the last two 
years many existing models focus-
ing on agriculture and food process-
ing have been extended to represent 
the production and consumption of 
biofuels. All results show that a shift 
in demand for agricultural products 
as a consequence of increasing bio-
fuel demand leads to substantially 
increased agricultural market prices 
and increased land use. However, 
whether this increase in production 
takes place within or outside the EU 
depends on the underlying assump-
tions on the degree of openness of the 
EU. Therefore, two different baseline 
scenarios have been calculated up to 
2020 which describe different visions 
of the future. This analysis is part of 
the EUruralis project (Wageningen 
UR and Netherlands Environmental 
Assessment Agency, 2007). A detailed 
description about the background, 
definition and set-up of the Eururalis 
scenarios can be found in (Westhoek, 
van den Berg et al. 2006) and the 
quantification of the scenarios are de-
scribed in (Eickhout and Prins 2008). 
The scenarios have been calculated 
with the LEITAP model which is an 
extended GTAP model. The ‘Global 
Economy’ scenario depicts a world 
with fewer borders and regulation 
compared with today. Trade barriers 
are removed and there is an open flow 
of capital, people and goods, leading 
to a rapid economic growth, from 
which many (but not all) individuals 
and countries benefit.

The other vision, called ‘Regional 
Communities’ depicts a world of re-
gions with people having a strong fo-
cus on their local and regional com-
munity and prefer locally produced 
food. Economic growth is lower 
compared to the ‘Global Economy’ 

Table 1. Progress in the Use of Biofuels in the EU Member States, 2003–2005

2003 200� 200�

Member State Biofuel share National Indicative Target

Austria 0.0� 0.0� 2.�0
Belgium 0.00 0.00 2.00
Cyprus 0.00 0.00 1.00
Czech Republic 1.09 1.00 3.�01

Denmark 0.00 0.00 0.10
Estonia 0.00 0.00 2.00
Finland 0.11 0.11 0.10
France 0.�� 0.�� 2.00
Germany 1.21 1.�2 2.00
Greece 0.00 0.00 0.�0
Hungary 0.00 0.00 0.�0
Ireland 0.00 0.00 0.0�
Italy 0.�0 0.�0 1.00
Latvia 0.22 0.0� 2.00
Lithuania 0.00 0.02 2.00
Luxembourg 0.00 0.02 0.00
Malta 0.02 0.10 0.30
The Netherlands 0.03 0.01 2.00 2

Poland 0.�9 0.30 0.�0
Portugal 0.00 0.00 2.00
Slovakia 0.1� 0.1� 2.00
Slovenia 0.00 0.0� 0.��
Spain 0.3� 0.38 2.00
Sweden 1.32 2.28 3.00
UK 0.03 0.0� 0.19
EU2� 0.�0 0.�0 1.�0

1 200�; 2 Estimate.
Source: European Commission (2007). Biofuels Progress Report
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scenario. Furthermore under the 
‘Regional Communities’ scenario it 
is assumed that agricultural subsidy 
increases of some 10%, linked to en-
vironmental and social targets and ex-
port subsidies, are eliminated. Import 
barriers remain in place to protect 
local markets against cheap imports 
while imported goods have to com-
ply with high EU standards regard-
ing health, environment, and animal 
welfare.

For both scenarios two simula-
tions with and without mandatory 
blending for biofuel use have been 
calculated. Even without mandatory 
blending, the use of biofuel crops 
changes due to shifts in relative prices 
(biofuel crops vs. fossil fuel). 

Ambitious goals have been set by 
the EU Biofuel Directive (BFD) for 
the transport sector: the minimum 
share of biomass or other renewable 
transport fuels must be 2% in 2005 
and 5.75% in 2010. For 2020 the EU 
target has been put at 10% under the 
condition that the so–called second 
generation biofuel technology will be 
available then. Currently bio–energy 
is coming from both waste material 
and growing first generation biofuel 
crops. To meet the ambitious future 
targets large scale production of crops 
used specifically for biofuel produc-
tion in Europe will be necessary. In 
the ‘Global Economy with BFD’ 
scenario the demand for such biofuel 
crops used in the petrol sector will be 
$7.3 billion U.S. dollars (USD) (in 
2001 values). Around 42% of these 
inputs will be produced domestically 
and 58% of biofuel crops used in the 
petrol sector will come from imports.

If mandatory blending is not 
enforced, the use of biofuel crops is 
much lower in all scenarios; only $2.5 
billion USD under the ‘Global Econ-
omy’ scenario and only $1.7 billion 
USD under the ‘Regional Commu-
nities’ scenario. The lower demand 
under ‘Regional Communities’ is due 
to a smaller increase in income com-
pared to the ‘Global Economy’ sce-

nario. The degree of openness under 
both scenarios is also reflected in this 
figure. Under the ‘Global Economy’ 
scenario without mandatory blend-
ing, the share in imported biofuel 
crops used for biofuel production is 
53.5% while under the higher protec-
tion under the ‘Regional community’ 
scenario imported biofuel crops con-
tribute only by 28.5% to total biofuel 
production.

With these strong changes in im-
port demand world prices for biofuel 
crops are affected by EU policies. The 
impact of the EU biofuel policies on 
world prices is illustrated in the fol-
lowing figure. With an enhanced bio-
fuel consumption as a consequence of 
the EU biofuel directive prices of ag-
ricultural products tends to increase. 
Banse, van Meijl and Woltjer (2008) 
show that under a scenario ‘Biofuel, 

global’ which includes biofuel poli-
cies in the United States, Canada, 
South Africa, Japan, Korea and Brazil 
the real price of oilseeds shows an in-
crease of 26% in contrast to the long–
term trend projected in the reference 
scenario, see Figure 3. The manda-
tory targets in the scenario ‘Biofuel, 
global’ are set in the EU and in other 
countries. Based on IEA (2008), we 
assume a 10% blending target for 
the United States, Canada, Japan and 
South Africa. In IEA (2008), a 25% 
blending target for Brazil is also indi-
cated. Compared to the United States 
and Brazil, where ethanol consump-
tion dominates the biofuel sector, EU 
biofuel is based on bio–diesel, which 
is reflected by the increase in prices 
of the bio–based inputs in the pro-
duction of biofuels. The increase in 
world prices for cereals is more than 

Figure 3. Changes in real world prices, in %, 2020 relative to 2001
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Figure 3: Changes in real world prices, in %, 2020 relative to 2001 

Even without enforced use of biofuel crops through mandatory blending, the share of 

biofuels in fuel consumption for transportation purposes increase, see Figure 4. This 

endogenous increase in biofuel production is due to the fact that the ratio between crude oil 

price and prices for biofuel crops changes in favor of biofuel crops (see, Figure. 3). The highest 

increase is in the already integrated market of Brazil where the initial 2005 share of more than 

29% expands to more than 42% in 2010. In Germany and France the endogenous growth of 

biofuel share leads to biofuel consumption for transportation in 2010 of 4.0% in Germany and 

3.4% in France. These results reveal that without mandatory blending the 5.75% biofuel share 

will not be reached in the EU member states.  

With mandatory blending the EU member states fulfill the required targets of 5.75% at 

the expense of non–European countries, Figure 4. Under the BFD scenario the share of biofuel 

use declines in Brazil by around 6%. Under the ‘EU Biofuels Directive’ scenario the biofuel 

share in petrol used for transportation decreases by more than 20% in the North American Free 

Figure 2. Biofuel crops used in the EU (in mill . USD, 2001), 2020
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18% under the ‘Biofuel, global’ sce-
nario. The increase in crude oil price 
is smaller under the ‘Biofuel, global’ 
scenario as demand for crude oil di-
minishes due to the introduction of 
the BFD.

Without mandatory blending, 
real world prices for agricultural 
products decline and confirm their 
long–term trend, see Figure 3. This 
is caused by an inelastic demand for 
food in combination with a high level 
of productivity growth. Under an EU 
mandatory blending target the oil-
seed sector has the highest price dif-
ference, because biofuels in EU trans-
port are dominated by biodiesel from 
oilseeds.

Even without enforced use of 
biofuel crops through mandatory 
blending, the share of biofuels in fuel 
consumption for transportation pur-
poses increase, see Figure 4. This en-
dogenous increase in biofuel produc-
tion is due to the fact that the ratio 
between crude oil price and prices for 
biofuel crops changes in favor of bio-
fuel crops (see Figure 3). The highest 
increase is in the already integrated 
market of Brazil where the initial 
2005 share of more than 29% ex-
pands to more than 42% in 2010. In 
Germany and France the endogenous 
growth of biofuel share leads to bio-
fuel consumption for transportation 
in 2010 of 4.0% in Germany and 
3.4% in France. These results reveal 
that without mandatory blending 
the 5.75% biofuel share will not be 
reached in the EU member states. 

With mandatory blending the EU 
member states fulfill the required tar-
gets of 5.75% at the expense of non–
European countries, Figure 4. Under 
the BFD scenario the share of biofuel 
use declines in Brazil by around 6%. 
Under the ‘EU Biofuels Directive’ 
scenario the biofuel share in petrol 
used for transportation decreases by 
more than 20% in the North Ameri-
can Free Trade Agreement (NAFTA) 
countries. This decline in biofuel pro-
duction in non–European countries 

is due to the increase in relative prices 
between biofuel crops and crude oil. 

The enhanced demand for biofuel 
crops in the EU under the BFD sce-
narios leads to an increase in world 
prices for these products and hence 
to a decline in the profitability in fuel 
production compared to crude oil. 
However, the increase in biofuel crop 
demand in the EU over–compensates 
the decline in non–EU countries and 
at a global level the use of biofuel 
crops for fuel production increases 
under the BFD scenario. A good in-
dicator for this development is the 
decline in crude oil price under the 
BFD scenario compared with refer-
ence scenario, see Figure 3. 

Figure 5 shows that the EU will 
increase its trade deficit in agricultural 
commodities used for the production 

of biofuels under the biofuel scenari-
os. South and Central America as well 
as other high income countries ex-
pand their net–exports in agricultural 
products for biofuel production. 

Compared to world income 
growth, the annual growth rates of ag-
ricultural production are quite mod-
erate in the reference scenario. In the 
EU and in the region of high income 
countries, production of biofuel crops 
is also negatively affected by the liber-
alization which is also implemented 
in both scenarios. At the aggregated 
level, total agricultural production 
increases in both the reference and 
policy scenario. In all regions, man-
datory blending also leads to an in-
crease in total agricultural output. EU 
biofuel policies have a strong impact 
on agricultural production inside the 
EU but also on agricultural output in 

Figure 5. Balance in biofuel crop trade, in bill . US$, base situation and 2020 
under different scenarios
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Figure 5: Balance in biofuel crop trade, in bill. US$, base situation and 2020 under 
different scenarios

Compared to world income growth, the annual growth rates of agricultural production 

are quite moderate in the reference scenario. In the EU and in the region of high income 

countries, production of biofuel crops is also negatively affected by the liberalization which is 

also implemented in both scenarios. At the aggregated level, total agricultural production 

increases in both the reference and policy scenario. In all regions, mandatory blending also 

leads to an increase in total agricultural output. EU biofuel policies have a strong impact on 

agricultural production inside the EU but also on agricultural output in South and Central 

America. Without mandatory blending, EU oilseed production increases by 7.6% compared to 

26% under a mandatory blending scenario.  

These production developments lead to a similar pattern of land use developments 

(Figure 6). Land use increases in all regions when comparing the impact of the EU Biofuels 

Directive and biofuel policies outside Europe. This expansion of agricultural land use on a 

Figure 4. Development of share of biofuels in fuel consumption for transpor-
tation for selected regions, in %, 2005 and 2010
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Figure 4: Development of share of biofuels in fuel consumption for transportation for 
selected regions, in %, 2005 and 2010 

The enhanced demand for biofuel crops in the EU under the BFD scenarios leads to an 

increase in world prices for these products and hence to a decline in the profitability in fuel 

production compared to crude oil. However, the increase in biofuel crop demand in the EU 

over–compensates the decline in non–EU countries and at a global level the use of biofuel 

crops for fuel production increases under the BFD scenario. A good indicator for this 

development is the decline in crude oil price under the BFD scenario compared with reference 

scenario, see Figure 3.

Figure 5 shows that the EU will increase its trade deficit in agricultural commodities 

used for the production of biofuels under the biofuel scenarios. South and Central America as 

well as other high income countries expand their net–exports in agricultural products for 

biofuel production.
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South and Central America. Without 
mandatory blending, EU oilseed pro-
duction increases by 7.6% compared 
to 26% under a mandatory blending 
scenario. 

These production developments 
lead to a similar pattern of land use 
developments (Figure 6). Land use 
increases in all regions when compar-
ing the impact of the EU Biofuels 
Directive and biofuel policies outside 
Europe. This expansion of agricultur-
al land use on a global scale and espe-
cially in Southern America might lead 
to a decline in biodiversity in these 
countries as land use is an important 
driver for biodiversity.

The mandatory blending require-
ment for the petrol sector implies an 
increase in petrol price because bio-
fuels are more expensive than crude 
oil. To meet the 5.75% obligations in 
2010, the petrol price will rise by 2%, 
and a 6% petrol price increase accom-
panies the 10% BFD target in 2020. 
The subsidies on biofuel crops in the 
petroleum sector, which are required 
to meet the targets by making feed-
stock competitive with crude oil, are 
high and range from 30% in Sweden 
to almost 60% in the UK in 2020. 
These additional subsidies indicate 
the difficulties that most EU member 
states will have in trying to meet the 
BFD targets.

Concluding Comments 
The analysis shows that enhanced de-
mand for biofuel crops has a strong 
impact on agriculture at the global 
and European level. Biofuel poli-
cies contribute to the current rise in 
world food prices, especially for those 
products which are in direct compe-
tition in final consumption for food 
and fuel, e.g. corn, sugar and oilseeds. 
With increased biofuel consumption, 
the long term trend of declining real 
world prices of agricultural products 
slows down or might even be reversed 
for the feedstocks used for biofuels. 
This positive effect on world agricul-
tural prices has consequences espe-
cially for poor urban populations in 
low–income countries with food and 
energy deficits. Those consumers will 
suffer most in any sudden or rapid 
price shift for basic commodities, of 
which foremost is food. 

In principle, higher agricultural 
prices provide additional income op-
portunities for farmers. As shown in 
this article, the incentive to increase 
production in the EU will tend to 
increase land prices and farm income 
in the EU and other regions. The EU 
will not be able to produce the feed 
stocks needed to produce the biofuels 
according to the BFD domestically 
and will run into a higher agricultural 
trade deficit. Biofuel crop production 
expands in other highly industrialized 
countries and especially in South and 

Central America (Brazil). Whether 
farmers in developing countries will 
benefit from higher prices of crops 
used for biofuel production remains 
questionable and depends on the de-
gree of integration of regions in global 
food markets. 

Apart from income effects, the en-
vironmental effects of higher biofuel 
production are also not clear, (see, 
e.g. Searchinger et al. 2008). These 
biofuel crops need scarce resources 
such as land, water and agricultural 
inputs like fertilizers. This will impact 
the environment—CO2 balance, soil 
erosion, and biodiversity. The GHG 
balance of biofuels varies dramati-
cally depending on such factors as 
feedstock choice (lowest for corn and 
wheat and highest for switchgrass and 
poplar), associated land use changes, 
feedstock production system, and the 
type of processing energy used. 

The results presented here depend 
heavily on the level of  crude oil price. 
The higher the crude oil price the 
more competitive biofuel crops be-
come versus petroleum production. 
Therefore, biofuels create a more di-
rect link between food and fuel prices. 
High feedstock prices make biofuels 
less profitable, as does a low oil price. 
Even at the current level of crude oil 
prices of $120 USD per barrel, al-
most no biofuels are economically vi-
able without support policies. A low 
oil price implies that biofuels will be 
produced only under mandates or 
that they are heavily subsidized. 

Without mandatory blending to 
stimulate the use of biofuel crops in 
the petroleum sector the targets of 
the EU Biofuel directive will not the 
reached. Mandatory blending leads to 
higher petrol prices as feedstocks are 
not profitable to use in fuel produc-
tion given the current technologies. 
The increased demand for feedstock 
raises their price relative to the oil 
price and adds to the challenge of 
making biofuels competitive. There-
fore, if biofuels have to be competi-
tive in the long run, investments in 

Figure 6. Changes in agricultural land use, in %, 2020 relative to ‘No manda-
tory blending’
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BFD target in 2020. The subsidies on biofuel crops in the petroleum sector, which are required 

to meet the targets by making feedstock competitive with crude oil, are high and range from 

30% in Sweden to almost 60% in the UK in 2020. These additional subsidies indicate the 

difficulties that most EU member states will have in trying to meet the BFD targets. 

Concluding Comments

The analysis shows that enhanced demand for biofuel crops has a strong impact on agriculture 

at the global and European level. Biofuel policies contribute to the current rise in world food 

prices, especially for those products which are in direct competition in final consumption for 
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R&D are needed to obtain higher 
yields or better conversion technolo-
gies. Decisions on R&D investments 
should take into account the second 
generation biofuels as these promise 
to be more cost–effective and more 
effective in reducing greenhouse gas 
emissions. However, the current high 
food prices in combination with the 
disputed environmental benefits fuel 
the debate inside the EU whether the 
Biofuels Directive is desired at all or 
whether the target of the Biofuels Di-
rective should be made dependent on 
the degree of technical progress (first 
and second generation), environ-
mental benefits and impact on world 
prices.
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Not since 1985 have the words agriculture, farm or some 
recognition of production agriculture been omitted from 
the title of a farm bill. Some see this as a sign of the decline 
in Congressional support for agricultural programs. In the 
Food, Conservation and Energy Act of 2008 (FCEA), com-
modity funding was cut by an estimated $12 billion from 
the 2002 Farm Bill. Despite cuts in programs affecting pro-
duction agriculture, the FCEA still contains authorization 
for substantial spending on commodities, conservation, 
and specialty crops, and contains sufficient implications for 
trade agreements, to be properly called a farm bill.

The articles in this theme discuss major new and re-
newed provisions of the 2008 FCEA affecting traditional 
and specialty agricultural production and trade. ACRE a 
new commodity program based on state and farm revenue 
shortfalls, and increased spending on conservation pro-
grams are discussed in two separate articles. Provisions for 
specialty crops, which for the first time gained their own 
farm bill title, are also highlighted. A final article discusses 
commodity program implications for U.S. trade and trade 
agreements.

A state revenue based commodity program included 
in the farm bill provides a new and untested program for 
producer consideration. In this issue Carl Zulauf, Mi-
chael Dicks and Jeffrey Vitale describe “ACRE” and what 
it means in comparison to more traditional farm support 
programs. 

James Pease, David Sweickhardt and Andrew Seidl fol-
low up with a discussion of major conservation program 
provisions of the farm bill and implications for future fund-
ing for “working lands” programs. The relative increase in 
the importance of conservation over 2002 is highlighted. 

For the first time, specialty crops have their own farm 
bill Title X (“Horticulture and Organic Agriculture.”) 
Mechel Paggi and Jay Noel explore key provisions of this 
title and the potential benefit to U.S. specialty crop agri-
culture. 

In the final article, Eric Wailes and Parr Rosson look 
at the implications of the farm bill for international trade 
agreements. Issues such as how domestic agricultural sup-
ports in the legislation affect U.S. trade commitments and 
how they are likely to affect future trade negotiations are 
explored.

Guest editor James Novak (novakjl@auburn.edu) is an Exten-
sion Economist and Professor in the Department of Agricul-
tural Economics and Rural Sociology at Auburn University, 
Alabama.
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JEL Classification: H100

Farm support programs based on price have been an inte-
gral part of farm policy since the 1930s. However, two con-
cerns have emerged with existing price–based programs. 
One is that the current marketing loan and counter–cycli-
cal programs provide little protection when yields are low. 
Widespread reduction in yields raises prices and reduces or 
eliminates payments from these two programs while local-
ized reduction in yields reduce marketing loan payments 
for affected individual farms because marketing loan pay-
ments are based on production. The second concern is that 
farmers can receive marketing loan and counter–cyclical 
payments even when revenue is above average because high 
yields more than offset low prices.

After decades of debate, a revenue assurance program 
finally became a reality in the new Food, Conservation and 
Energy Act of 2008. Specifically, farmers are offered the 
choice of the following program options:

Traditional Suite of Farm Programs
Direct Payments
Marketing Loans
Counter–Cyclical Payments

ACRE Suite of Farm Programs
Direct Payments at 80% of full rate
Marketing Loans at 70% of loan rate
ACRE State Revenue Program

Many concepts included in the ACRE state revenue pro-
gram were first contained in the Integrated Farm Revenue 
Proposal by Carl Zulauf. American Farmland Trust was the 
first organization to endorse these concepts, followed by 
the National Corn Growers Association. Senators Richard 
Durbin of Illinois and Sherrod Brown of Ohio provided 

initial congressional support and co–authored the first bill 
(S.1872) containing a program that became ACRE.

This article describes the legislative provisions and pol-
icy background of the new ACRE state revenue program, 
as well as some analytical results that provide insights into 
the farmer decision regarding which suite of programs to 
choose.

Comparison: Current Programs vs. ACRE State Rev-
enue Program
The direct payment program pays farmers a fixed dollar 
amount per historical base acre. This dollar amount does 
not change with market prices or with production on the 
farm. Like direct payments, counter–cyclical payments are 
based on historical production. In contrast, marketing loan 
payments are based on current production. Both the coun-
ter–cyclical and marketing loan programs are price–based 
programs. Congress specifies the marketing loan rates and 
counter–cyclical target prices in the Farm Bill. These fixed 
support rates essentially establish a floor or lower bound 
on the per unit value of the crop, as payments are trig-
gered when market price drops below them. The creation 
of a floor reflects the policy objective of traditional price 
support programs, which is to assist farmers with manag-
ing the systemic risk of chronically low market prices that 
extend over a long period of years. A systemic risk is a risk 
beyond the control of an individual producer. The combi-
nation of direct payment, counter–cyclical, and marketing 
loan programs will be referred to in this article by the ac-
ronym DCP+ML.

In contrast, ACRE’s policy objective is to assist farmers 
with managing the systemic risk of a decline in revenue of 
a crop over a short period of years. Revenue is defined as 
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U.S. price times state yield. ACRE’s 
policy objective is implemented by 
establishing the following revenue 
guarantee for each state and crop 
combination (crops are barley, corn, 
upland cotton, oats, peanuts, pulse 
crops, rice, sorghum, soybeans and 
other oilseeds, and wheat):

(90%) x (2–year moving average 
of U.S. crop year cash price) x (5–year 
Olympic moving average [excludes 
high and low values] of state yield per 
planted acre)

A state revenue payment is trig-
gered for a given crop and year when 
actual state revenue (state yield per 
planted acre times U.S. crop year 
price) is less than the state’s ACRE 
revenue guarantee. This difference is 
the state’s ACRE payment rate. For 
any crop in any year, the payment 
rate cannot exceed 25% of the crop’s 
state revenue guarantee. ACRE’s state 
revenue guarantee cannot increase or 
decrease more than 10% from the 
prior year’s guarantee. Over time, the 
guarantee will follow prices and yields 
up and down. Thus, ACRE’s revenue 
guarantee is not a floor, implying that 
ACRE will not provide protection 
against chronically low prices.

Receipt of an ACRE payment also 
requires that a farm’s revenue for the 
crop and year be less than its bench-
mark revenue for the crop. The latter 
equals (1) the product of the farm’s 
5–year Olympic average yield per 
planted acre times the 2–year U.S. av-
erage price, plus (2) the farm’s insur-
ance premium if the farmer bought 
insurance for the crop.

The ACRE revenue protection 
payment is made on acres planted to 
eligible crops, but total planted acres 
covered by ACRE are capped at the 
farm’s total base acres. Total payment 
a farm receives from ACRE is the sum 
of (1) 80% of the farm’s current direct 
payment, (2) ACRE revenue protec-
tion payments, and (3) marketing 
loan payments at a 30% lower loan 
rate.

This discussion focuses on ACRE’s 
basic features. Additional details on 
ACRE are contained in the appen-
dix.

ACRE’s Policy Innovations Rela-
tive to Current Programs
The ACRE state revenue program has 
several important departures from 
DCP+ML: 
• ACRE’s target is revenue not 

price. Revenue is more closely 
related to financial position and 
risk than price because revenue 
includes both price and yield.

• ACRE’s revenue target is not 
fixed; it changes with U.S. prices 
and state yields.

• A farm level revenue loss condi-
tion must be met for a farm to 
receive an ACRE payment. This 
requirement is an attempt to ad-
dress the concern that a farm can 
receive marketing loan and coun-
ter–cyclical payments even when 
it has above–average revenue. 

• ACRE is partially coordinated 
with crop insurance. Histori-
cally, farm support and crop in-
surance programs have been 
enacted independently, creating 
the potential for overlapping pay-
ments and for farm programs to 
reduce the incentive to buy crop 
insurance. ACRE’s farm revenue 
benchmark includes crop insur-
ance premiums, thus providing an 
incentive to buy crop insurance. 

In addition, capping the state rev-
enue payment at 25% of the state 
revenue guarantee is an attempt 
to minimize double payments 
from crop insurance and ACRE 
because farmers commonly buy 
crop insurance with a 75% or 
lower coverage level. 

Policy Foundation For ACRE
A rarely–discussed hole exists in the 
traditional farm safety net. The com-
bination of higher prices, higher pro-
duction costs, and fixed support pric-
es provide the foundation for farm 
financial stress.

History and economic theory tell 
us that high farm prices will decline 
as supply responds to incentives and 
expands faster than demand. But, 
history and economic theory do not 
tell us if the decline will occur in one, 
two, five, etc. years. Moreover, high 
farm prices, especially when based on 
strong growth in demand, increase the 
demand, and in turn price, for farm 
inputs. Because costs are increasing 
and support prices are fixed at levels 
substantially below market prices, a 
large price decline that lasts a year or 
two can lead to financial stress in the 
agricultural sector.

This stylized story played out 
when the farm boom of the 1970s 
became the farm crisis of the 1980s. 
Today, most people are aware that 
many crop prices have increased sub-
stantively since 2006. Fewer people 
are aware that the cost of farm pro-

Figure 1. Prices for U .S . Crops and Crop Production Imputs are Increasing . . . 
Just as in the 1970’s
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Figure 1. Prices for U.S. Crops and Crop Production Inputs  are 
Increasing …. Just as in the 1970s

Crop Prices Input Prices

Notes: (1) Crop prices include all crops. (2) Crop production inputs include interest, taxes, and wages. (3) Source: U.S.
Department of Agriculture, National Agricultural Statistics Service

In the 1980s crisis, we learned that providing immediate assistance is critical to 

minimizing financial stress. Providing immediate assistance requires an appropriate policy 

mechanism for identifying when revenue is low. Given its objective of addressing systemic 

revenue risk, ACRE’s mechanism is to calculate a revenue guarantee using moving averages of 

recent U.S. prices and state yields. ACRE focuses on revenue because revenue incorporates 

changes in costs of production, productivity, supply response, and price response over time, 

unlike a price–based safety net fixed at politically–determined levels. For example, if costs 

increase faster than production efficiency, supply will decline. Given that demand for crops 

responds relatively slowly to changes in price in the short–term, price and revenue should 

increase, resulting in an increase in ACRE’s revenue guarantee. On the other hand, if production 

efficiency increases faster than costs, ACRE’s revenue guarantee should decline as the resulting 

increase in production leads to lower prices and revenue. 

In conclusion, economic theory suggests that ACRE’s support level is implicitly tied to 

the cost of production adjusted for gains in productivity. By following prices and yields, ACRE 

provides protection in situations when costs increase faster than production efficiency (such as is 

happening now). In contrast, ACRE’s support level will decline when productivity increases 
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duction inputs is rising rapidly as well 
(see Figure 1). In fact, relative to crop 
prices, input prices are increasing 
faster today than in the 1970s. More-
over, most crop prices are well above 
the price support rates enacted in the 
2008 Farm Bill. The similarities with 
the 1970s do not mean that a farm 
financial crisis will emerge as in the 
1980s, but it does suggest that policy 
should not ignore this possibility.

In the 1980s crisis, we learned 
that providing immediate assistance 
is critical to minimizing financial 
stress. Providing immediate assis-
tance requires an appropriate policy 
mechanism for identifying when 
revenue is low. Given its objective 
of addressing systemic revenue risk, 
ACRE’s mechanism is to calculate a 
revenue guarantee using moving av-
erages of recent U.S. prices and state 
yields. ACRE focuses on revenue be-
cause revenue incorporates changes 
in costs of production, productivity, 
supply response, and price response 
over time, unlike a price–based safety 
net fixed at politically–determined 
levels. For example, if costs increase 
faster than production efficiency, sup-
ply will decline. Given that demand 
for crops responds relatively slowly to 
changes in price in the short–term, 
price and revenue should increase, re-
sulting in an increase in ACRE’s rev-
enue guarantee. On the other hand, if 
production efficiency increases faster 
than costs, ACRE’s revenue guaran-
tee should decline as the resulting 
increase in production leads to lower 
prices and revenue.

In conclusion, economic theory 
suggests that ACRE’s support level is 
implicitly tied to the cost of produc-
tion adjusted for gains in productiv-
ity. By following prices and yields, 
ACRE provides protection in situa-
tions when costs increase faster than 
production efficiency (such as is hap-
pening now). In contrast, ACRE’s 
support level will decline when pro-
ductivity increases faster than costs. 
However, due to the use of historical 

moving averages and a 10% limit on 
year–to–year changes in its revenue 
guarantee, ACRE should provide 
farmers a somewhat longer period of 
time in which to adjust to declining 
revenue.

Analysis of ACRE from the Farmer 
Decision Perspective
For farmers making a decision on 
participation in ACRE, a key ques-
tion will be:  “Does the ACRE suite 
of farm programs provide revenue to 
fill the gap in years when actual farm 
revenue is significantly below average 
farm revenue?” 

One key factor in answering this 
question is the 20% reduction in di-
rect payments under ACRE. This re-
duction can be thought of as ACRE’s 
risk management fee. Using the av-
erage U.S. direct payment yield for 
program crops, the 20% reduction 
ranges from $0.20 per acre for oats 
to $19.24 per acre for rice (see Figure 
2).

A second key factor is the timing 
and size of payments from ACRE. 
The results presented below are from 
an analysis of average annual payouts 
of the ACRE and DCP+ML programs 
over a 30 year historical period for 
corn, sorghum, soybeans and wheat 
in the principle and marginal produc-
tion areas. The analysis uses (1) his-
toric variability in county level yields 
adjusted to current levels of yield as a 
proxy for future yield variability and 
(2) the historic relationship between 
state yield and national price to pre-

dict the variability of future price at 
the U.S. Department of Agriculture 
average annual forecasted price for 
2009–12. In essence, the results are 
for the representative average acres in 
the county.

ACRE has both a farm level and a 
state level revenue loss trigger. Actual 
farm income must be less than 100% 
of the farm’s benchmark revenue in 
order for the farm to receive an ACRE 
payment (see the appendix for specif-
ics). The state trigger occurred in 5 
to 15 years depending on the state 
and the crop, or on average in about 
one–third of the 30 historical obser-
vations. The county farm trigger oc-
curred in roughly twice as many years 
as the state trigger. These findings are 
not surprising since (1) the state trig-
ger is set at a more restrictive 90% 
level compared to the 100% level for 
the farm trigger and (2) yield is more 
variable at the county than at the state 
level. Last, in only about 10% to 20% 
of the observations in which the state 
trigger occurred did the representa-
tive county farm not trigger. 

The higher the average annual 
price the more likely that the ACRE 
suite of farm programs will pay out 
a higher average payment than the 
DCP+ML suite of programs. As av-
erage annual market price increases, 
DCP+ML payments decline since 
counter–cyclical payments are tied to 
fixed target prices and marketing loan 
payments are tied to fixed loan rates. 
In contrast, expected revenue pay-
ments and thus total payments (80% 

Figure 2. 20% of Average U .S . Direct Payment Per Acre

ACRE has both a farm level and a state level revenue loss trigger. Actual farm income 

must be less than 100% of the farm’s benchmark revenue in order for the farm to receive an 

ACRE payment (see the appendix for specifics). The state trigger occurred in 5 to 15 years 

depending on the state and the crop, or on average in about one–third of the 30 historical 

observations. The county farm trigger occurred in roughly twice as many years as the state 

trigger. These findings are not surprising since (1) the state trigger is set at a more restrictive 

90% level compared to the 100% level for the farm trigger and (2) yield is more variable at the 

county than at the state level. Last, in only about 10% to 20% of the observations in which the 

state trigger occurred did the representative county farm not trigger.  

The higher the average annual price the more likely that the ACRE suite of farm 

programs will pay out a higher average payment than the DCP+ML suite of programs. As 

average annual market price increases, DCP+ML payments decline since counter–cyclical 

payments are tied to fixed target prices and marketing loan payments are tied to fixed loan rates. 

In contrast, expected revenue payments and thus total payments (80% of direct payments plus 

revenue payments) from ACRE increase as price increases. The reason is the associated increase 

in the state revenue guarantee and farm revenue benchmark. However, it is important to note that 

actual payments from ACRE may not equal expected payments. Actual payments depend on 
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of direct payments plus revenue pay-
ments) from ACRE increase as price 
increases. The reason is the associated 
increase in the state revenue guar-
antee and farm revenue benchmark. 
However, it is important to note that 
actual payments from ACRE may not 
equal expected payments. Actual pay-
ments depend on revenue declining 
for a state by at least 10%. Thus, if 
prices and revenue increase continu-
ously in the future, ACRE revenue 
payments will be zero.

Figure 3 illustrates the importance 
of a producer’s expectations of future 
prices. It contains the expected level 
of ACRE and DCP+ML payments 
at various average prices for 2009–12 
using data for Champaign County, 
Ill. Payments are the same for ACRE 
and DCP+ML at average prices be-
tween $2.30 and $2.35. The higher 
are a producer’s expectations of prices 
in the near future, the more likely is 
the ACRE program to generate larger 
income streams than the existing 
DCP+ML program.

Examination of the analytical 
results also indicate that expected 
payments from ACRE are larger (1) 
the lower is the correlation between 
changes in state yield and U.S. price 
and (2) the higher is predicted average 
annual (2009–12) state yield relative 
to the direct payment and counter–
cyclical program yield. The lower is 
the yield–price correlation, the more 
likely that a decline in yield or price 
will trigger a revenue payment. The 
yield component of ACRE’s revenue 
guarantee is continually updated 
since it is based on a moving average. 
In contrast, the payment yield for 
counter–cyclical and direct payments 
is fixed at a historical yield level. Thus, 
the higher are current yields relative 
to historical base yields, the greater is 
the expected payment advantage of 
ACRE.

Adding the crop insurance pre-
mium to a farm’s revenue benchmark 
increases the revenue benchmark, and 
thus increases the chance of receiving 

Figure 3. Effect of Corn Price on ACRE and DCP+ML Payments: Champaign 
County, Ill . 
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Examination of the analytical results also indicate that expected payments from ACRE 

are larger (1) the lower is the correlation between changes in state yield and U.S. price and (2) 

the higher is predicted average annual (2009–12) state yield relative to the direct payment and 

counter–cyclical program yield. The lower is the yield–price correlation, the more likely that a 

decline in yield or price will trigger a revenue payment. The yield component of ACRE’s 

Figure 4. Comparison of ACRE and DCP+ML for Corn: De Kalb County, Ill .
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Figure 5. Comparison of ACRE and DCP+ML for Wheat 
Texas County, Okla.
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Figure 4. Comparison of ACRE and DCP+ML for Corn
De Kalb County, Ill.
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a payment from ACRE. The impact 
of adding the insurance premium is 
usually minimal, although the size of 
this impact increases as the insurance 
premium increases relative to the 
crop’s revenue per acre.

Neither ACRE nor DCP+ML are 
substitutes for crop insurance.  For 
the representative county farms, the 
lowest revenue years occurred when 
their yield was low and price had not 
increased sufficiently to offset the low 
yield. This situation most often oc-
curred when yield–reducing weather 
events were on a geographical scale 
smaller than a state. Such declines 
in production generally are not large 
enough to cause price to increase. Fig-
ures 4 and 5 illustrate this discussion 
for corn in De Kalb County, Ill., and 
wheat in Texas County, Okla., respec-
tively. The graphs are generated as-
suming U.S. Department of Agricul-
ture average predicted prices for the 
2009–12 crop years: $3.60 for corn 
and $4.55 for wheat. County aver-
age yields also are included in the fig-
ures. Significant yield shortfalls occur 
in six years in De Kalb County and 
7 years in Texas County. The ACRE 
suite of programs provides higher rev-
enue than the DCP+ML program in 
only two of the six years in De Kalb 
County and three of the seven years 
in Texas County. However, neither 
program provides much revenue pro-
tection in most of these years because 
the declines in yield occurred over a 
small area relative to the U.S. market. 
These findings clearly indicate a con-
tinued need for crop insurance. 

Summary
Both ACRE and traditional price 
support programs address a systemic 
risk that occurs beyond the individ-
ual farm. However, ACRE addresses 
a risk associated with a market at or 
near equilibrium while traditional 
price programs address a risk associat-
ed with a market out of equilibrium. 
Compared with the current market-
ing loan and counter–cyclical price 

programs, ACRE has several policy 
innovations: (1) ACRE’s target is rev-
enue not price, (2) ACRE’s revenue 
guarantee is not fixed, (3) a farm level 
revenue loss must occur to receive an 
ACRE payment, and (4) ACRE is 
partially coordinated with crop insur-
ance. 

For most farmers, a central ques-
tion will frame their decision regard-
ing ACRE:  “Over the period of par-
ticipation, does ACRE improve the 
management of systemic revenue risk 
relative to current programs enough 
to compensate for the 20% reduction 
in direct payments and 30% reduc-
tion in loan rates?”  Our analysis finds 
that at prices and yields forecast by 
the U.S. Department of Agriculture 
through the 2012 crop year, ACRE 
generally provides larger expected av-
erage annual total revenue and small-
er variation in total revenue. The dif-
ferences can be small, depending on 
what other assumptions are made. 
However, exceptions occur. For ex-
ample, if prices and revenue continue 
to increase, the current programs will 
provide higher payments than ACRE 
because of ACRE’s 20% reduction in 
direct payments. 

As with any analysis, assumptions 
are important. These assumptions in-
volve not only prices and yields, but 
also how the regulations will interpret 
the Farm Bill’s ACRE provisions. The 
importance of regulations is illustrat-
ed by the current debate over whether 
the phrase, “the most recent crop year 
prices,” means the “most recent crop 
years for which complete information 
exists” or “includes the current crop 
year.”  For the 2009 crop, this debate 
translates into whether ACRE’s rev-
enue guarantee is based on U.S. av-
erage cash prices for crop years 2007 
and 2008 or for crop years 2006 and 
2007. To put the significance of this 
debate in numerical context, aver-
age U.S. cash corn price is $3.65 for 
2006–07 vs. $4.83 for 2007–08, 
using the latest data from the U.S. 
Department of Agriculture. Clearly, 
using 2007–08 instead of 2006–07 

prices makes ACRE more attractive 
to farmers.

This analysis and economic theory 
suggest ACRE is most likely to ben-
efit the following:

(1) states with higher yield vari-
ability, which includes south-
east and mid–Atlantic states; 
(2) crops with prices well above 
the loan rates—cotton pric-
es are closest to the loan rate; 
(3) states with lower negative 
correlations between changes 
in state yield and U.S. price; 
(4) states and crops, notably 
corn, with larger increases in 
yields over last 25 years; and 
(5) producers whose planted and 
base acres differ substantively—
ACRE better matches a farmer’s 
production risk in this situation.

Decision aids to assess participation 
in ACRE are being developed and 
various analyses of ACRE have been 
completed or are underway. These will 
provide useful information to pro-
ducers and share–renting landlords 
as they assess their decision. They also 
will need to consider the role of crop 
insurance as they put together their 
risk management plan. As this analy-
sis clearly shows, neither ACRE nor 
the current set of programs will cover 
all low revenue situations on a farm, 
in particular those associated with lo-
calized weather conditions.

In conclusion, like any policy, 
ACRE’s performance will be assessed 
in the real world. And, being a new 
policy, unintended consequences are 
likely. The combination of individual 
farmer decisions and policy experi-
ence will aid in more clearly defin-
ing policy objectives and will provide 
insights into the level and type of 
risk protection desired by producers 
across crops, states and regions. This 
information will provide vital input 
in future legislation. In short, ACRE 
will contribute to the evolutionary 
discussion that shapes and defines 
U.S. farm policy. 
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Appendix

ACRE (Average Crop Revenue Election) Provisions

ACRE is a farm program option for barley, corn, upland cotton, oats, peanuts, pulse crops, rice, sorghum, 
soybeans and other oilseeds, and wheat for 2009–12 crops. Once made, the election of ACRE is irrevocable 
through 2012; but, its election can be deferred to the next year. The election of ACRE applies to all the 
above crops grown on a farm, but payments are made on an individual crop basis. ACRE must be selected 
(current farm programs are the default selection).
ACRE consists of
• Direct payments equal to 80% of full direct payments 
• Marketing loan payments with loan rates set at 70% of the marketing loan rates
• ACRE revenue protection payments
ACRE Revenue Protection Payment to a Farm Equals (yields are per planted acre)
a. [83.3% (85% for 2012 crop) of the farm’s acres planted to a crop]
b. times lesser of  [ACRE state revenue guarantee minus state actual revenue]
 or [25% of ACRE state revenue guarantee]
c.  times {[farm’s Olympic average yield (removes high and low yield) for 5 most recent crop years] di-

vided by  [state’s Olympic average yield for 5 most recent crop years]}
 · ACRE state revenue guarantee for a crop per crop year equals
  [90%  times  (simple average of U.S. cash price for 2 most recent crop years)
  times  (state’s Olympic average yield for 5 most recent crop years)]
  − For 2010–12, revenue guarantee cannot change more than 10% from prior guarantee
  −  Separate state revenue guarantees created for irrigated and nonirrigated land if a state’s planted 

acres are at least 25% irrigated and at least 25% nonirrigated
 ·  ACRE actual state revenue for a crop equals
   state yield  times {higher of [U.S. average cash price for crop year]  or  [70% of crop’s marketing loan 

rate]}
Limitation on Planted Acres that can receive an ACRE Payment
• Planted acres that receive an ACRE payment cannot exceed a farm’s total base acres
 ·  If a farm’s total acres planted to ACRE program crops exceed the farm’s total base acres, the farmer 

chooses which planted acres to enroll in ACRE
ACRE’s Farm Trigger (yields are per planted acre):
• T o receive an ACRE payment, a farm’s actual revenue for the crop must be less than the farm’s ACRE 

benchmark revenue for that crop year
 ·  Farm’s actual revenue for a crop equals
  farm’s actual yield  times  U.S market year price for crop for crop year
 · Farm’s ACRE benchmark revenue equals
  [(farm’s 5 year Olympic average yield) times (price in state’s ACRE revenue guarantee)]
  plus  (per acre crop insurance premium paid by farmer for the crop for the year)
ACRE Payment Limit for a Person or Legal Entity:
• For direct payments:  $40,000  minus  amount equal to 20% reduction in direct payments
• For ACRE revenue payments:  $65,000  plus  20% reduction in direct payments
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The Food, Conservation and Energy Act of 2008 (FCE) 
continues the evolution of environmental conservation 
programs begun in the 1985 Farm Bill. This evolution 
was reflected in stakeholders’ priorities as policy debate 
began with Farm Bill listening sessions in 2005, contin-
ued throughout the legislative debate, and culminated in 
the final version of the 2008 bill. Producers and citizen 
organizations identified conservation programs as central 
to future U.S. farm programs (Lubben, Bills, Johnson and 
Novak, 2006; Environmental Defense Fund, 2007). The 
Bush administration reinforced the importance of conser-
vation in the farm bill debate with its proposals of January 
2007, which included a $7.8 billion expansion of conser-
vation programs (U.S. Department of Agriculture, 2007). 
However, the economic context of the debate became less 
favorable for conservation programs as an unusually long 
legislative process continued throughout 2007 and into 
2008. In particular, low grain stocks, increasing corn de-
mand from the ethanol industry, high commodity prices, 
and increasing food prices led some to question whether 
increasing production should have a higher priority than 
conserving natural resources.

FCE 2008 objectives shift the conservation portfolio 
focus from land retirement to environmental protection of 
agricultural lands in production (working lands). The con-
servation portfolio of Land Retirement, Working Lands, 
Agricultural Land Preservation, and Technical Assistance 
has been in place since the 1996 Farm Bill. Land Retire-
ment programs such as the Conservation Reserve program 
(CRP, begun in 1985) remove land from production on a 
temporary or permanent basis and compensate agricultural 
landowners for a portion of the income forgone. Working 
Lands programs such as the Environmental Quality Incen-

tives Program (EQIP, 1996) and the Conservation Security 
Program (2002) provide incentives to adopt conservation 
activities on agricultural lands and nonindustrial private 
forest lands currently in production. Agricultural Land 
Preservation programs preserve the agricultural production 
capacity of farmlands by public sector purchase of tempo-
rary or permanent easements of nonagricultural develop-
ment rights. Technical assistance programs provide the in-
stitutional structure for agency personnel or approved third 
parties to deliver expertise for planning and implementing 
conservation activities. To better understand the conser-
vation portfolio, it is useful to review the development of 
major programs.

Evolution of U.S. Conservation Programs
Prior to 1985, U.S. conservation programs focused primar-
ily on soil conservation, with expertise provided by U.S. 
Department of Agriculture employees through the Con-
servation Technical Assistance Program. The current era 
of U.S. conservation programs began with Conservation 
Compliance Provisions and with creation of the Conserva-
tion Reserve Program in the 1985 Food Security Act, which 
retires agricultural land in exchange for 10 to 15 year an-
nual payments based on estimated agricultural rental value. 
The primary stated goal of the CRP in its early years was 
to reduce soil erosion on highly erodible cropland (Sulli-
van, Hellerstein, Hansen, Johannson, Koenig, et al., 2004).  
CRP came to be directed at an evolving set of conservation 
objectives with only a single policy tool, long–term land 
retirement. This approach failed to address two issues of 
environmental protection in agriculture. First, CRP failed 
to address many environmental impacts of agricultural 
production such as water quantity and quality and wild-
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life habitat. Second, land retirement 
provided no means of achieving con-
servation objectives on land actively 
engaged in agricultural production. 
Consequently, these additional envi-
ronmental policy objectives led poli-
cymakers to create new policy tools 
(Batie and Schweikhardt, 2007).

Because of CRP’s narrow focus, 
the Federal Agriculture Improvement 
and Reform Act of 1996 established 
the Environmental Quality Incen-
tives Program, which addresses a 
wider range of environmental con-
cerns on agricultural lands in pro-
duction. Environmental quality and 
agricultural production were con-
sidered compatible goals, and EQIP 
was designed to help producers meet 
new environmental standards (Zinn 
and Canada, 2007). The program 
provided cost–share and (optionally) 
incentive payments for producers to 
initiate and maintain conservation 
activities on working lands, with a 
specific focus on mitigating water pol-
lution. Initially, 50% of EQIP funds 
were directed to solving resource 
problems on livestock operations, but 
waste management structures were 
ineligible for funding, and EQIP pay-
ment limits were so low that they dis-
couraged participation by most large 
operations. The 1996 Act also intro-
duced the Wildlife Habitat Incentives 
Program (WHIP) and the Farmland 
Protection Program (later changed to 
the Farm and Ranchlands Preserva-
tion Program) to purchase farmland 
development rights. 

The 2002 Farm Bill increased 
both the funding and scope of issues 
addressed by conservation programs. 
CRP contract evaluations began to 
consider soil erosion, water quality 
protection, and wildlife habitat. The 
CRP acreage cap was increased, and 
other farm land retirement programs 
such as the CRP Farmed Wetlands 
pilot program, the Conservation Re-
serve Enhancement Program, and the 
Wetlands Reserve Program were con-
tinued and expanded. With funding 
of $4.6 billion in the 2002 Act, EQIP 

could enhance its response to livestock 
resource concerns and pursue broader 
conservation priorities of reducing 
nonpoint source water pollution, air 
quality impairments and erosion, as 
well as wildlife habitat deterioration. 
Eligibility was broadened, 60% of 
funding was directed to livestock re-
source concerns, and a new payment 
limit of $450,000 was established. 
The 2002 Act also created the Con-
servation Security Program, a work-
ing lands program designed to reward 
producers who achieve and maintain 
above–benchmark standards of con-
servation management. This “green 
payments” program offered both 
cost–share and incentive payments 
to reach, maintain, or improve land 
stewardship by participation in one 
of three contract performance tiers. 
Funding was restricted after enacting 
the 2002 Act, so the program was of-
fered only in selected watersheds in 
FY2004–06.

The evolution of conservation 
policy and programs has changed 
expense outlays among Land Retire-
ment, Working Lands, Agricultural 
Land Preservation, and Conservation 
Technical Assistance programs (Fig-
ure 1). Major conservation program 
expenditures have increased by 79%, 
from $2.56 billion in FY1996 to $4.59 
billion in FY2007. Land retirement 
funding represented approximately 
70% of total conservation expenses 
until FY2001, and, while continu-
ing to increase in nominal terms, de-
clined to 52% of total expenditures 
in FY2007.  Working Lands program 
funding increased from an average of 
approximately $200 million per year 
during FY1996–01 to nearly $1.5 
billion in FY2007.  Funding for farm-
land preservation programs has be-
come a significant and growing part 
of conservation spending.  However, 
technical assistance has not kept pace 
with increased conservation program 
funding, and has fallen steadily in ab-
solute terms since FY2004. Technical 
assistance is primarily funded through 
annual appropriations to the Conser-

vation Technical Assistance program, 
but also receives payments for techni-
cal assistance to the CRP program and 
other program funding allocations. 
As such, Figure 1 underestimates to 
some extent actual expenditures for 
technical assistance.

Conservation Provisions in the 
2008 Farm Bill
FCE increases conservation funding 
authority by $4 billion over FY2008–
12, most of it as mandatory funding 
with no requirement for annual ap-
propriations. FCE provisions reflect an 
evolution of the U.S. conservation pro-
gram portfolio to emphasize conserva-
tion on working lands. The following 
presents selected changes in Title II of 
the 2008 FCE, along with additional 
detail on CRP, EQIP, and the Conser-
vation Stewardship Program (CSP). 

Land Retirement Programs Continue to 
Play a Major, but Diminishing Role

•	 As shown in Figure 1, land re-
tirement program expenses are 
forecast to total $13.03 billion 
over FY2008–12 and average 8% 
higher than FY2007 expenses, 
but fall throughout the period as 
a percentage of total conservation 
program expenses.

•	 Currently, 766,000 active CRP 
contracts cover 34.7 million acres. 
Over FY2008–12, contracts will 
expire on an average of 3.8 mil-
lion acres per year, raising ques-
tions about the environmental 
impacts of returning this land to 
production.

•	 The enrollment cap for CRP is 
continued at 39.2 million acres 
for FY2009, but will be reduced 
to 32 million acres for FY2010–
12, while the Farmable Wetland 
Program cap is doubled to 1 mil-
lion acres.

•	 Current CRP contracts can be 
amended to allow land uses such 
as biofuel production, wind tur-
bines and grazing under certain 
conditions.
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•	 New provisions will permit the 
transfer of lands under CRP con-
tract to beginning, underserved or 
other special status farmers, with 
the existing owner receiving a bo-
nus of up to two years of rental 
payments.

•	 The enrollment limit for the 
Wetlands Reserve Program is in-
creased nearly one–third to 3.041 
million acres, and the Wetlands 
Reserve Enhancement Program 
is established to address wetlands 
objectives at the watershed scale.

Working Lands Programs Receive Most 
Funding Emphasis

•	 As shown in Figure 1, working 
lands program funding is fore-
cast to total $11.88 billion over 
FY2008–12; it averages 61% 
higher than FY2007 expenses and 
is 45% of total conservation ex-
penses in FY2012.

•	 In FY2007, there were 41,700 
EQIP contracts in 50 states and 
territories with over $784 million 
in contract commitments.

•	 EQIP funding is forecast to total 
$7.23 billion over FY2008–12 
and is 74% higher in FY2012 
than in FY2007.

•	 EQIP payments are based on 
incurred costs (up to 75% cost–
share) and foregone income (up 
to 100%) associated with prac-
tice adoption/maintenance, ex-
cept that socially–disadvantaged, 
limited resource, and beginning 
producers will receive cost–share 
payments that are 25% above 
those of other producers (up to a 
maximum of 90%).

•	 EQIP payments may be made for 
conservation practices related to 
organic transition or production, 
for forest management practices 
on private nonindustrial forest 
land, or for water conservation or 
irrigation practices.

•	 Payments under EQIP contracts 
may not exceed $300,000 in any 
6–year period.

•	 The Conservation Security Pro-
gram is reconstituted as the Con-
servation Stewardship Program 
(CSP). In FY2007, 19,391 active 
contracts covered approximately 
15.4 million acres.

•	 The CSP receives total budget 
authority of $3.79 billion over 
FY2008–12, and FY2012 forecast 
expenditures are 199% of FY2007 
expenses.

•	 CSP is given an enrollment target 
of 12.769 million acres per year, 
and over FY2009–12, USDA is 
directed to manage the CSP such 
that payments average no more 
than $18 per acre.

•	 The reconstituted CSP provides 
a simpler system for adopting, 
improving, and maintaining con-
servation practices rather than the 
3–tier system used under the 2002 
Farm Act.

•	 Funding authorization for the 
Wildlife Habitat Incentives Pro-
gram is continued at $85 million 
per year, cost–share payments 
are increased to 25% of costs in-
curred, and eligible lands include 
private agricultural, nonindustrial 
private forest and tribal lands. 
In FY2007, WHIP had 358,000 
acres under contract.

Agricultural Land Preservation Programs 
Expanded

•	 As shown in Figure 1, land preser-
vation program forecast expenses 
total $1.04 billion over FY2008–
12, averaging more than triple the 
actual FY2007 expenses for pur-
chase of development rights. Farm 
and Ranchlands Preservation Pro-
gram (FRPP) purchased develop-
ment rights on 533,000 acres over 
FY1996–07.

•	 Funding for the FRPP is increased 
from $97 million to $200 million 
per year, and the objectives of the 

program are expanded to include 
protecting agricultural use and 
related conservation values and 
increasing the opportunities for 
partnership with government and 
nongovernment organizations.

•	 The Grasslands Reserve Program 
is authorized to expand ten–fold 
to enroll 1.22 million acres dur-
ing FY2008–12, the definition 
of eligible lands is expanded to 
include those with historical or 
archeological importance, and up 
to 10% of enrollment may come 
from expiring CRP contracts.

Technical Assistance Funding Stable

•	 There are no new funding autho-
rizations for technical assistance 
from Natural Resources Conser-
vation Service (NRCS) or through 
Technical Service Providers, and 
because technical assistance is 
subject to annual appropriations, 
it is not expected to increase over 
FY2008–12.

Other Provisions

•	 Most conservation programs have 
program–specific payment limits, 
and a blanket income limitation 
prohibits conservation payments 
to persons or entities with aver-
age adjusted gross income greater 
than $1 million unless at least 
two–thirds of adjusted gross in-
come is farm income.

•	 Direct attribution to a person is 
required for conservation program 
payments.

•	 Cooperative conservation projects 
at the community, ecosystem or 
watershed scale will receive 6% of 
all conservation program funds.

•	 USDA is to develop technical 
guidelines for measuring and re-
porting environmental services 
provided by farm, ranch, and for-
est lands, with priority directed to 
emerging carbon markets.
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Opportunities and Challenges 
for the FCE 2008
On its surface, the Food, Conserva-
tion, and Energy Act appears to be a 
logical extension of past trends—an 
increase in funding for virtually all 
programs without dramatic program 
revisions. However, FCE 2008 and 
the 2002 Farm Bill can be viewed as 
“two steps forward, one step back” for 
conservation. On one hand, program 
funding and focus have expanded 
rapidly, while on the other, political 
distaste continues for targeting con-
servation programs to the most criti-
cal environmental problems such as 
impaired waters rather than allocat-
ing funds “equitably” among states 
(Claassen, 2007). Increased emphasis 
on working lands programs promises 
better environmental results per pro-
gram dollar, but USDA is prohibited 
from selecting contract proposals on 
the basis of lowest cost. Although con-
servation funding increases in FCE, 
conservation costs have risen even 
faster during the commodity boom, 
both in terms of cash investments 
and of producer income foregone. 
Moreover, it seems unlikely that FCE 

spending will meet the levels outlined 
in the Act. Federal budget deficits are 
rising rapidly and U.S. economic con-
ditions are worsening. It is likely that 
Congress will take action to restrict 
nondefense spending, and “manda-
tory” conservation spending is likely 
to be a target. 

Viewed from an alternative per-
spective, FCE 2008 signals the matu-
ration of the conservation program 
portfolio in a new era. What issues 
and questions will be most critical 
in the next era? First, conservation 
programs now constitute a central 
element of farm policy—no future 
farm bill will be passed without a sig-
nificant, possibly predominant role 
for conservation programs. Second, 
the 2008 bill appears to both broaden 
and strengthen the political commit-
ment of all stakeholders to conserva-
tion programs. The political economy 
of programs that meet the interests of 
farmers, environmental activists, and 
the general public suggests the emer-
gence of a stable social and political 
trade–off between increased agricul-
tural production and improved envi-
ronmental quality. As a consequence, 
all farm bills in the foreseeable future 

will probably have prominent work-
ing lands programs addressing a wide 
range of environmental issues. Third, 
as the emphasis on technical assis-
tance–intensive conservation prac-
tices on working lands grows, the 
issue of human capital resources in 
NRCS must come to the fore. Sim-
ply said, an agency whose funding 
for technical assistance has stagnated 
during rapid growth of conservation 
program funding cannot be expected 
to adequately deliver and monitor 
programs. Some have referred to staff-
ing issues at federal agencies as hav-
ing reached “crisis” levels (Liebowitz, 
2004). Questions requiring closer 
scrutiny in the near future include 
whether such a situation exists at 
NRCS, and what human capital in-
vestments are necessary to deal with 
the problem. Fourth, as conservation 
and agricultural policy develop, the 
issue of policy consistency will be-
come more acute. Social and political 
questions to be addressed include: To 
what degree is a U.S. biofuels–driven 
energy policy consistent with con-
servation goals and policy? To what 
degree should income support or 
risk management policies be merged 
with working lands conservation 
policies, and what policy tools and 
procedures will be needed to achieve 
multiple policy targets (Lubowski, 
Bucholtz, Claassen, Roberts, Cooper 
et al., 2006; Batie and Schweikhardt, 
2007)? In all likelihood, the next era 
of conservation policy will be domi-
nated by these questions. 
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The U.S. 2008 Farm Bill: Title X and Related 
Support for the U.S. Specialty Crop Sector
Mechel S. Paggi and Jay E. Noel

JEL Classification: H100

The Food, Conservation and Energy Act of 2008 (FCEA), 
provided a landmark in U.S. agricultural policy by includ-
ing for the first time a separate title dealing specifically with 
issues related to the fruit, vegetable tree nut, floriculture 
and nursery sectors of agricultural economy (specialty 
crops). The bill dedicates almost $3 billion in funding over 
five years to areas of importance to the sector including 
nutrition, research, pest and disease, trade, conservation 
and block grant funding for individual State initiatives. In 
addition, specialty crops continue to receive direct and in-
direct benefits from other sections of the legislation related 
planting restrictions associated with programs for crops 
such as wheat, corn, soybeans and cotton, crop insurance 
and general nutrition programs. This article summarizes 
key provisions of Title X of the 2008 Food, Conservation 
and Energy Act and related support for U.S. specialty crop 
agriculture and discusses their potential benefit to the U.S. 
specialty crop agriculture. 

There were approximately 304.3 million acres of har-
vested cropland in the United States in 2006. Specialty 
crops harvested acreage was 11.2 million harvested acres or 
approximately 3.7% of the 2006 total harvested cropland. 
This percentage has remained relatively constant over the 
past five years.

Specialty crops are produced throughout the United 
States. The Upper Midwest and Northwest have the largest 
vegetable acreage for processing, while California, Florida 
and Texas harvest the largest share of fresh vegetable and 
melon acreage. California is the largest producer of grapes, 
strawberries, peaches, nectarines, avocadoes, and kiwifruit. 
It also leads in fresh–market orange production and tree 
nut production. Florida is the largest citrus producer, while 
Washington is the largest apple producer for both fresh and 
processing. Midwest and Northeastern states are important 
producers of processed fruit products while Florida leads 
in the production of citrus juices. Floriculture production 

takes place in 40 different states. The Southern states are 
the largest producers of floricultural products followed by 
the Western states, then Midwest states and the Northeast-
ern states. Nursery crops are produced in 17 states. Leading 
producing states, in order of size of production (acres) are 
Oregon, Pennsylvania, Michigan, North Carolina, Tennes-
see, Florida, and California. 

The 2006 value of total U.S. cropland production was 
approximately $122.8 billion dollars excluding the produc-
tion value of nursery and floriculture. If nursery and flo-
riculture production value is included, the total cropland 
value of production becomes approximately $139.7 billion 
dollars. Specialty crop production accounts for $51.4 bil-
lion of that figure or 36.8% of the total crop land produc-
tion value. The average 2003–2006 percentage of produc-
tion value is approximately 37%. The fact that specialty 
crops are grown on a relative small amount of cropland 
acreage and yet account for a substantial share of the crop-
land production value was used extensively by specialty 
crop stakeholders in their arguments for greater federal 
government support in the 2008 Farm Bill debate.

U.S. Government Support to Fruits and Vegetables: 
Pre–FCEA
As noted, the major component of the 2008 Farm Bill of 
importance for this paper was the creation of a separate title 
and expanding existing program benefits for the fruit, veg-
etable and nut sector of the U.S. agricultural economy. It is 
useful to review briefly some of the major ways government 
programs affected specialty crops in the past to have a basis 
for determining the potential impact the changes resulting 
from passage of the FCEA may have for the U.S. specialty 
crop industry. Before turning to long–standing programs 
contained in previous farm bills, a review of some ad hoc 
support for specialty crops is in order. 



�2 CHOICES 3rd Quarter 2008 • 23(3) 

Ad Hoc Legislation
Areas of federal support for specialty 
crops outside of specific farm bills in-
clude legislation to provide funding 
for states to administer programs on 
behalf of the industry. For example, 
the Emergency Agricultural Assis-
tance Act (EAAC) of 2001 provided 
states with block grants to promote 
specialty crops. The act provided 
almost $160 million to all 50 states 
and Puerto Rico. The funds al-
located to the states were used to 
fund a variety of programs and the 
decision on what programs to fund 
was left almost entirely to the in-
dividual states, with the provision 
that the programs funded improve 
the competitiveness of U.S. spe-
cialty crops. 

The specialty crop block grant 
program continued with the pas-
sage of Specialty Crop Competi-
tiveness Act (SCCA) of 2004 (PL 
108–465). SCCA block grants are 
used to support programs in re-
search, marketing, education, pest 
and disease management, produc-
tion, and food safety. The initial 
legislation (HR 3242) called for an 
annual appropriation of $470 mil-
lion in mandatory funds from the 
Commodity Credit Fund to sup-
port the block grant program. The 
final bill authorized the program 
subject to annual appropriations, 
and limited funding to $44.5 mil-
lion per year; $7 million was actu-
ally appropriated in FY 2006. 

Crop Insurance and Disaster Assistance

Federally subsidized crop insurance 
programs are available for many crops, 
including specialty crops. Under 
the federal crop insurance program, 
USDA authorizes private insurance 
companies to sell and service insur-
ance policies, while the government 
provides subsidized reinsurance and 
compensates them for administrative 
costs. Besides paying costs and cover-
ing losses for insurance companies, 
the government pays much of the 
premium. 

Marketing Orders and Agreements  

Marketing orders and agreements al-
low collective action among industry 
participants for product definitions, 
promotion, and research. Federal 
marketing orders and agreements for 
fruits, vegetables, melons, and tree 
nuts were first authorized in the Ag-
ricultural Marketing Agreement Act 
of 1937(AMAA). There are currently 
32 authorized federal marketing or-
ders in place for fruits, vegetables and 
tree nuts, covering many of the major 
crops and production locations. 

Generic Promotion, Research, and Infor-
mation Programs (Check–off Programs)

Federally regulated but industry 
funded generic promotion, research, 
and information programs have also 
been used in the marketing of spe-
cialty crops. The origin of check–off 
programs dates back to the 1954 pro-
motion program for wool. Currently 
specialty crops with free standing 
promotion, research and information 
programs include mangos, cultivated 
blueberries, popcorn, potatoes, wa-
termelons, and Hass avocados. 

Export Promotion  

The federal government also provides 
direct support for the international 
marketing of many specialty crops. 
The USDA Foreign Agricultural Ser-
vice Market Access Program (MAP) 
provides federal matching funds to 
assist in the overseas marketing of 
U.S. agricultural commodities. Fund-
ing is provided in annual allocation 
of USDA Commodity Credit Corpo-
ration funds on a competitive grant 
basis. In 2007 MAP allocated almost 
$200 million to promote a variety of 
U.S. commodities. Specialty crops ac-
counted for 35% of MAP fund allo-
cations, with about $56 million going 
to promote export marketing efforts 
of 30 commodity groups and related 
organizations.

Food Assistance and Nutrition/
Food Purchases 

Nutrition assistance programs play 
a role in federal support for the fruit 
and vegetable sector through direct 
commodity purchases and increased 
demand for food. The USDA oper-
ates 20 nutrition assistance programs 
with expenditures of about $54 bil-
lion in FY2006, accounting for 55% 
of USDA total spending. These pro-
grams are operated by   the USDA’s 
Food and Nutrition Service (FNS). 
In addition, USDA’s Agricultural 
Marketing Service (AMS), Farm Ser-
vice Agency (FSA), and Commodity 
Credit Corporation (CCC) play roles 
in the procurement and distribution 
of food commodities for some pro-
grams.

An important component of these 
programs for the fruit and vegetable 
sector is the purchases made possible 
from “Section 32” allocations. The 
Section 32 funds are a permanent 
appropriation that has been part of 
federal support programs since 1935. 
The program sets aside the equivalent 
of 30% of annual customs receipts to 
support the farm programs. Most of 
that appropriation is transferred to 
the U.S.D.A. to fund general child 
nutrition programs. A certain amount 
of Section 32 money is set aside each 
year to purchase commodities that 
are not supported by other federal 
programs and make them available to 
schools and other food distribution 
programs. Purchases of these com-
modities by the AMS currently exceed 
$750 million per year. A five year av-
erage of $308 million has been spent 
to purchase fruits and vegetables from 
these funds.

Research and Extension

USDA conducts research, extension 
and economics projects for programs 
related to the specialty crop indus-
try through four USDA agencies: 
the Agricultural Research Service 
(ARS), Cooperative State Research, 
Education and Extension Service 
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(CSREES), and Economic Research 
Service (ERS) and the National Ag-
ricultural Statistics Service. The total 
FY 2007 research budget of these 
agencies was approximately $2.6 bil-
lion: about 2.1 percent of USDA’s FY 
2007 budget. 

A recent review of research efforts 
on the part of ARS, CSREES, NASS, 
and ERS provides a perspective on the 
level of federal research expenditures 
relative to specialty crops. The total 
ARS budget for research on crops in 
FY 2005 was $476.1 million, with 
33.7% allocated to fruits, nuts, and 
vegetables and 6.3% to trees, shrubs, 
flowers, potted plants, bedding and 
ornamental turf. In FY 2003, CS-
REES invested approximately $79.6 
million to support research, exten-
sion, and education focused on spe-
cialty crops, representing about 7.2% 
of a total budget of $1.1 billion. 

Plant Health and Safety 
The USDA Animal and Plant Health 
Inspection Service (APHIS), is the 
agency responsible for dealing with 
issues related to invasive pests, harm-
ful insects such as the Mediterranean 
fruit fly, dealing with foreign coun-
tries’ import requirements, and ne-
gotiating science–based standards to 
protect U.S. agricultural exports from 
unjustified barriers to trade. The total 
APHIS budget for FY 2007 was about 
$1.2 billion. However the amount go-
ing to deal specifically with fruit and 
vegetable issues is difficult to isolate. 
The one program that is uniquely 
related to fruits and vegetables is the 
fruit fly exclusion and detection pro-
gram, with an annual appropriation 
of $59 million. 

Fruit and Vegetable Planting Restrictions  

Beginning with the 1990 Farm Bill, 
producers who were participating in 
government commodity programs 
were allowed to plant other program 
crops on a portion of their program 
crop base acres but were generally 
prohibited from planting fruits, tree 
nuts, melons crops, wild rice or veg-

etables, including dry edible beans 
and potatoes. The amount of benefits 
gained by the fruit and vegetable sec-
tor from these restrictions is not di-
rectly measurable. Recent attempts to 
measure the benefits have provided a 
wide range of estimates. The results 
of studies providing quantitative es-
timates of the loss to the industry of 
removal of the restrictions range from 
$1.7 to $4.0 billion in the first year 
following removal. 

The 2008 Farm Bill changed the 
fruit and vegetable planting restric-
tions by creating a CY 2009–12 pi-
lot  program to allow production of 
cucumbers, green peas, lima beans, 
pumpkins, snap beans, sweet corn, 
and tomatoes for processing on limit-
ed amounts of base acreage in Illinois, 
Indiana, Iowa, Michigan, Minnesota, 
Ohio, and Wisconsin.

Provisions of the Food, Conserva-
tion and Energy Act of 2008
The difference in policy develop-
ment in this farm bill can be traced 
to the organized efforts on the part of 
the industry to identify specific pro-
grams and policies, link the positive 
attributes of increased consumption 
of fruits and vegetables with human 
health and nutrition and to highlight 
equity issues surrounding a potential 
removal of planting restrictions on 
program crop subsidy beneficiaries. 
In large part this was accomplish by 
the formal coalition of over 120 or-
ganizations representing growers of 
fruits, vegetables, dried fruit, tree 
nuts, nursery plants and other prod-
ucts, The Specialty Crop Farm Bill 
Alliance. The alliance worked for al-
most three years to have their issues 
addressed explicitly in the 2008 farm 
bill. The following provides a review 
of the subtitles of Title X.

Subtitle A—Horticultural Marketing and 
Information

The programs included in Subtitle 
A cover a variety of issues including 
authorization for funding of initia-
tives for food safety education ($1 

million); promotion of farmers mar-
kets ($3 million increasing to $10 
million annually in 2011 and 2012); 
increasing the coverage of specialty 
crop market news reporting ($9 mil-
lion annually); and perhaps most 
importantly the State Specialty Crop 
Block Grant program that allocates 
$10 million increasing to $55 million 
annually across all 50 States, Puerto 
Rico, Guam, American Samoa, the 
U.S. Virgin Islands and the Com-
monwealth of the Northern Mariana 
Islands, with each entity receiving a 
minimum of $100,000 with the bal-
ance allocated according to their value 
of specialty crop production. 

Subtitle B—Pest and Disease Manage-
ment

As the name implies, Subtitle B pro-
vides procedures and programs to 
better coordinate the work of fed-
eral and state agencies in their roles 
related to early plant pest detection, 
management and surveillance. The 
major components include funding 
for the various initiatives from the 
Commodity Credit Corporation and 
begin in 2009 at $12 million, increas-
ing to $50 million annually in 2012 
and each fiscal year afterwards. In ad-
dition, $5 million annually is provid-
ed for the establishment of a National 
Clean Plant Network to establish 
centers for diagnosis and elimination 
of plant pathogens in planting stock. 

Subtitle C—Organic Agriculture 

Highlights of Subtitle C include in-
creases in funding for the U.S.D.A. 
national organic certification cost–
share program from $5 million to 
$22 million along with $5 million 
to enhance the collection and report-
ing of data related to the production 
and marketing of organic products. 
In addition, funding is authorized to 
carry out the activities of the national 
organic program that regulates the 
harvesting and handling of organic 
products in the amount of $5 million 
annually, increasing to $11 million 
for fiscal year 2012.
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Subtitle D—Miscellaneous 

In Subtitle D, a matching grant pro-
gram of an undetermined amount is 
established to address issues related 
to specialty crop transportation and a 
market loss assistance program for as-
paragus producers of fresh market and 
for-processing product to compensate 
growers for injury from imports dur-
ing the 2004 to 2007 crop years. In 
addition, there are provisions for the 
transition of the National Honey 
Board that is composed of producers 
and packers to two boards: a Packer–
Importer Honey Board and a U.S. 
Producer Honey Board, along with 
requirements that honey labels which 
bear any official certificate of quality 
or grade mark or statement must also 
show the country or countries of ori-
gin near the grade mark.

Other Farm Bill Support for 
Specialty Crops
As in previous bills support for spe-
cialty crops also exists within the pro-
grams and provisions of other Titles. 
Among the more important in non–
Title X provisions are:
•	 Section 7311 — The Specialty 

Crop Research Initiative – pro-
vides CCC funds in support of 
matching grants on research top-
ics related to the development and 
dissemination of science–based 
tools to address the needs of spe-
cific crops and their regions. ($30 
million in 2008; $50 million each 
year 2009–2012.

•	 Section 3102 — Maintains the 
Market Access Program funding 
at $200 million annually

•	 Section 3203 — Technical Assis-
tance for Specialty Crop – Creates 
a Technical Assistance for Spe-
cialty Crop (TASC) fund of $19 
million over 10 years to report on 
and address issues related to sig-
nificant sanitary and phytosani-
tary issues and/or barriers to trade 
facing  U.S. producers of specialty 
crops. 

•	 Section 4304 — Expands the 
Fresh Fruit & Vegetable Snack 
Program to all 50 states. Funding 
provided $40 million in 2008 ex-
panding to $150 million in 2012.

•	 Section 4404 — Expands pur-
chases of fruits and vegetables un-
der Section 32 program. Increases 
the minimum threshold (currently 
at $200 million per year) of fund-
ing levels: $390 million in FY08; 
$393 million in FY09; $399 mil-
lion in FY10; $403 million in FY 
11; and $406 million FY12. 

•	 Section 1107 — Fails to repeal the 
planting restrictions provisions 
associated with program crops; 
establishes a pilot project limited 
to production of vegetables for 
processing in limited quantities in 
selected states. 

Concluding Observations
Perhaps the most notable accom-
plishment of U.S. specialty crop ag-
riculture as the 2008 Farm Bill nego-
tiations took place was the building 
an alliance of disparate specialty crop 
organizations that had the overall 
goal of getting the U.S. specialty crop 
specifically included in Farm Bill leg-
islation. 

That goal was achieved with the 
inclusion of Title X in the 2008 Farm 
Bill. The direct inclusion of U.S. spe-
cialty crops into the 2008 Farm Bill 
allowed two issues of importance to 
U.S. specialty crop agriculture to be 
addressed. These issues are: 1) in-
crease domestic and international de-
mand for U.S. specialty crops; and 2) 
expand research, technical, economic, 
market, and product development 
funding for U.S. specialty crop agri-
culture. 

The above review of Title X and 
other sections of the 2008 Farm Bill 
that relate to U.S. specialty crops 
indicate that those issues were ad-
dressed with some success. It is dif-
ficult to determine at this point what 
the economic impact of U.S. specialty 

crop agriculture inclusion in the 2008 
Farm Bill will be. Will the increase in 
nutrition and food assistance funding 
directed at U.S. specialty crop agricul-
ture increase profitability? If so, what 
specialty crop sectors will benefit the 
most? Will the research sustain or in-
crease U.S. specialty crop agriculture’s 
domestic and international competi-
tiveness? 

Perhaps the most intriguing ques-
tion that will be addressed by U.S. 
specialty crop agriculture over the 
course of time that the 2008 Farm 
Bill is in place is whether U.S. spe-
cialty crop agriculture can maintain 
and build on its success. 
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Changes in the Food, Conservation, and Energy Act 
of 2008 have the potential to push domestic support for 
United States farmers above current and proposed commit-
ments in the WTO. This article explores one of the inevi-
table questions that arise with the enactment of the Food, 
Conservation and Energy Act of 2008 regarding how the 
domestic agricultural support provisions in this legislation 
will affect United States commitments under the Uruguay 
Round Agreement on Agriculture (URAA). And further, 
how will the domestic supports fit with the proposals and 
negotiations in the Doha Development Agenda?

Much of the discussion going into the development of 
the 2008 Act identified four main pressures that would bear 
on its development, namely: federal budget issues, chang-
ing demographics, evolving structure of interest groups, 
and implications for WTO agreements and dispute panel 
findings (Mercier and Smith, 2006).

In the end, with the enactment of the Food, Conserva-
tion and Energy Act (FCEA) of 2008 on May 2, 2008 it 
appears that at least the first three pressures did generate re-
forms in the 2008 Act compared to the previous Farm Se-
curity and Rural Investment Act of 2002. This is reflected 
in new titles such as Horticulture and Organic Agriculture, 
Livestock, Commodity Futures, and Crop Insurance and 
Disaster Assistance. The act also provides reforms in pay-
ment eligibility and limits. However, with respect to do-
mestic farm support, nearly all of the basic farm safety net 
that accounts for the notification by the United States on 
domestic support commitments with the WTO remains 
intact, including price supports for dairy and sugar, loan 
deficiency payments, direct payments and counter-cyclical 
payments. Changes in the dairy support program include 
shifting support to product prices rather than the milk 
price. This will affect how the program is notified under 
the U.S. Aggregate Measure of Support (AMS), although 

it will not greatly affect program operation. The 2008 Act 
provides few reforms that address in any substantive way 
U.S. obligations under the WTO. In fact it may be argued 
that the 2008 farm bill potentially creates more payment 
exposure to meeting WTO obligations than its predeces-
sor. 

U.S. Commitments on Domestic Support under the 
Agreement on Agriculture
The United States and some thirty other countries agreed 
in the Uruguay Round Agreement on Agriculture to a 
scheduled reduction of trade-distorting domestic support. 
As part of this agreement, the members agreed to notify 
the WTO annually regarding the payments made under 
several categories of domestic support, including Green 
Box (minimally trade-distorting), Blue Box (trade-distort-
ing but subject to supply control) and Amber Box (trade 
distorting). Amber Box includes the Aggregate Measure 
of Support (AMS) which is subject to the scheduled re-
duction, and the de minimus support that is not. Both the 
AMS and de minimus payments are further divided into 
non-product specific and product specific. (Under the de 
minimus provision if product specific or the non-product 
specific payment totals are not larger than 5% of their re-
spective total market value of production, then the support 
does not have to be included in the total AMS.)

At the end of the scheduled reduction period of the 
Uruguay Round Agreement on Agriculture in 2000, the 
annual spending constraint on U.S. AMS was U.S. $19.1 
billion. It will remain at this level until a new agreement 
is negotiated and ratified by member nations. Domestic 
support payments subject to constraints are monitored 
and implemented by the Agriculture Committee of the 
WTO. “Notifications” of support payments are submitted 
by members. Notifications however have been slow. Only 
within the past year has the U.S. submitted notification 
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of domestic support commitments 
for the marketing years 2002, 2003, 
2004 and 2005, as shown in Table 1. 
(WTO document G/AG/N/USA/60 
of 9 October 2007)

Programs that count toward the 
U.S. AMS commitment based on 
current U.S. notification include: 
loan deficiency payments, marketing 
loan gains, other product specific sup-
port including storage payments and 
commodity loan interest subsidies, 
market price supports for dairy and 
sugar, and non-product specific sup-
ports including irrigation programs, 
grazing programs and federal crop 
insurance (indemnities less premiums 
paid notified as non-product-specific 
amber box de minimus). ( See CRS 
Report RS20840, Agriculture in the 
WTO: Limits on Domestic Support, 
by Randy Schnepf, listed in For More 
Information section )

Key Changes in the 2008 Act 
Likely to Affect AMS Notification
Minor changes are authorized in the 
2008 Act for the marketing loan pro-
gram, direct payment program and 
the price-based counter-cyclical pro-
gram The direct payment program 
(notified by the U.S. as Green Box) 
and the counter-cyclical program (no-
tified as non-product-specific Amber 
Box de minimus) are mentioned here 
because in the recent Brazilian cotton 
dispute panel finding and appeal. The 
panel found that U.S. payments under 
the Production Flexibility Contract 
and Direct Payment programs do not 
qualify for WTO’s Green Box catego-
ry of domestic spending because of 
their prohibition on planting fruits, 
vegetables, and wild rice on covered 
program acreage. While the counter-
cyclical program was not considered 
in the dispute, it also is subject to pro-
hibition on planting specialty crops. 
Even though in the Doha July 2004 
Framework, the U.S. succeeded in 
obtaining agreement on counter-cy-
clical payments as Blue Box, without 
a Doha Round agreement, this Blue 
Box notification would be also likely 

subject to dispute. See Mercier (2004) 
and Schnepf (2007) for information 
on the Brazilian dispute. More signif-
icant is the introduction of the Aver-
age Revenue Crop Election (ACRE) 
program. This program is offered to 
program commodity producers as 
an alternative to the counter-cyclical 
payment (CCP) program beginning 
in 2009.

The CCP program, enacted as 
part of the 2002 farm bill, is triggered 
by low commodity prices relative to 
fixed target prices; ACRE provides 
a risk management tool to address 
either or both low yields and low 
prices. Two triggers must be met be-
fore an ACRE payment occurs. First, 
state-level ACRE guarantee revenue 
per acre must exceed the actual state 
revenue per acre and second, the farm 
ACRE benchmark revenue per acre 
must exceed the actual farm revenue 
per acre. The state ACRE guarantee 
is the 5-year Olympic average state 
yield times the average of the past 
two years’ national price times 90% 
for the specified crop. The actual 
state revenue will be the state yield 
per planted acre times the national 
average market price or 70% of the 
national loan rate. The farm ACRE 
benchmark is the farm’s 5-year Olym-
pic yield per planted acre times the 
average of the past two years’ national 
price plus the per acre insurance pre-
mium on the crop. The state ACRE 
guarantee revenue cannot increase 
or decrease more than 10% during 
2010-2012 from the previous year’s 
state ACRE guarantee revenue level. 

Because the payments are triggered or 
coupled to current production, mar-
ket prices and yields, payments under 
this program will likely be Amber 
Box and count against the AMS con-
straint. See the accompanying article 
by Zulauf, Dicks and Vitale in this 
issue for more details on the ACRE 
program.

The commodity title also increases 
the loan rate for sugar a quarter cent 
per year for 3 years and changes the 
overall allotment quota to be a mini-
mum of 85% of domestic consump-
tion. The Act extends the Milk In-
come Loss Contract program until 
2012, increases the payment rate and 
eligible poundage and provides price 
supports for cheddar cheese, butter, 
and nonfat dry milk.

Notification of 2008 Payments 
Under Existing Commitments

Projections of market prices for 
most program crops supported by the 
2008 Act will imply that the notifi-
cation values on loan deficiency pay-
ments and marketing loan gains will 
help keep AMS product specific pay-
ment levels well below $19.1 billion. 
(See USDA Long-Term Projections 
to 2017 at http://www.usda.gov/oce/
commodity/ag_baseline.htm and FA-
PRI 2008 U.S. and World Agricul-
tural Outlook at http://www.fapri.ia-
state.edu/outlook2008/) The primary 
concern will focus on the payments 
that are likely to flow from expected 
high participation on the ACRE pro-
gram by corn, wheat and soybean 
producers. This program will not go 

Table 1. U .S . Notification of Domestic Agricultural Support Payments to the WTO

ITEM

2002 2003 200� 200�

U.S. $ Billion

Amber Box $9.� $�.9 $11.� $12.9

Amber Box Limit (WTO Ceiling) $19.1 $19.1 $19.1 $19.1

Green Box – No Limit $�8.3 $��.1 $��.� $�1.8

Source: USDA, News Release No. 0278.07, October 4, 2007.
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into effect until the 2009 marketing 
year but exceptionally high market 
prices in 2007 and 2008 provide the 
potential for large payments in the 
2009 and possibly 2010 marketing 
years should market prices decline. 

Potential for Changes in WTO 
AMS Commitments
A successful conclusion to the Doha 
Round negotiations remains elusive 
as reflected by the July 2008 mini-
ministerial collapse. The U.S. offered 
to reduce overall trade distorting sup-
port (Blue Box + Amber Box + non-
product-specific de minimus + prod-
uct-specific de minimus limits) from 
$48 billion to $15 billion contingent 
on matching market access offers by 
other WTO member nations. It also 
agreed under the same contingency 
to reduce the AMS trade-distorting 
commitment of $19.1 billion down to 
$7.64 billion. Again, with sustained 
high crop prices, market price sup-
ports for sugar and milk will account 
for most of the payments against this 
proposed new limit. However, as sug-
gested above, the potential payment 
exposure from the ACRE program 

could easily strain the ability of the 
U.S. to remain below the proposed 
$7.64 billion limit. Not until and un-
less a new round is completed will this 
become a real concern. Even then, 
how the U.S. Congress may address 
the potential of exceeding the AMS 
remains unclear.
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Offsetting behavior occurs when policies implemented to 
reduce risk exposure of potential victims change consum-
ers’ behavior in such a manner that they become lax and 
increase the likelihood of an accident. Literature on off-
setting behavior has dealt primarily with policies relating 
to improved transportation safety and a resulting increase 
in automobile accidents (Peltzman 1975). A more general 
theoretical framework of offsetting behavior applicable to a 
variety of industries was developed by Hause (2006). 

Food safety policies are designed to reduce/minimize the 
amount of foodborne pathogens in the food supply chain. 
Consumers’ response to these food safety policy measures 
points to the presence of offsetting behavior in food con-
sumption (Miljkovic, Nganje and Onyango 2008).

Food safety uncertainties are present at all levels of the 
food supply chain and in food consumption, sometimes 
leading to foodborne diseases caused by bacteria, viruses, 
parasites, toxins, and heavy metals. These food safety un-
certainties and events influence consumers’ perception and 
are the main reason for the development and implementa-
tion of various food safety policies. 

Due to E. coli O157:H7 and Salmonella outbreaks wit-
nessed in the U.S food supply chain, the Food and Drug 
Administration (FDA) and the U.S. Department of Agri-
culture (USDA) in 1996 introduced mandatory food safe-
ty regulations in the meat and poultry sectors. Named the 
Pathogen Reduction/ Hazard Analysis and Critical Con-
trol Points (PR/HACCP), the act was intended to ensure 
the safety and well–being of consumers in the meat and 
poultry sectors. Increases in contamination linked to the 
consumption of domestic and imported fresh fruits and 
vegetables and the government’s effort to develop nation-
wide safety measures for fresh fruits and vegetables, led the 
Food and Drug Administration (FDA) to develop guide-
lines addressing food–safety hazards and good agricultural 

practices common to the growing, harvesting, packing, and 
transportation of the majority of fresh fruits and vegetables 
which are characteristically sold and consumed in a mini-
mally processed manner.

Despite these measures which are mandatory in some 
sectors (such as meat and poultry), and voluntary in other 
sectors (such as fruits and vegetables), the Centers for Dis-
ease Control (CDC) recorded an increase of foodborne 
disease outbreaks from 1983 to 2004, with a sharp increase 
in the years following the implementation of PR/HACCP.  
Figure 1 represents a general trend in foodborne disease 
outbreaks for this period observed by the CDC. CDC data 
should be treated with caution. Although it is clear from 
the graph there was an increase in foodborne disease over 
time, the implementation of PR/HACCP at the processing 
level saw a significant decrease in the level of certain food-
borne pathogens. Figure 2 shows this trend as documented 
by CDC. The difference between pathogen mitigation as a 
result of instituted policies and the increase in the number 
of foodborne disease outbreaks observed, suggest the pos-
sible presence of offsetting behavior by consumers regard-
ing food–safety.

Figure 1.  Trends: Foodborne Disease Outbreak Surveillance System

Source: Centers for Disease Control FoodNet (2006).
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Hence the expected effect of 
food safety policy implementation in 
terms of reduced foodborne illness, 
mortality, and food–associated dis-
ease, may be less than expected due 
to the change in consumers’ risk at-
titude and behavior. Consumers may 
exhibit riskier behavior in the face of 
implemented food safety policies. 

Recent research using experi-
mental economics found that offset-
ting behaviors exist in food safety 
(Miljkovic, Nganje and Onyango 
2008). Their experimental design 
involved a representative sample of 
more than 2,556 individuals nation–
wide. Food safety related questions 
associated with consumers’ percep-
tion of risk and consumption prefer-
ences for hamburgers were asked and 
analyzed. Consumers had a strong 
preference for rare over well done 
hamburgers before any information 
on food safety, potential presence of 
E. coli O157:H7 in meat, and its im-
pact on human health was provided. 
Once negative information on the 
impact of E. coli O157:H7 on hu-
man health was supplied, these same 
consumers switched their preferences 
towards well done burgers. Finally, 
when consumers were presented with 
information on the positive impact of 
PR/HACCP, their risk perception for 

the safety of the meat changed in such 
a way that they dropped their guard 
and increased their preference for rare 
meat to a level even higher than be-
fore any food safety information was 
provided. To them, the implemen-
tation of PR/HACCP nullified the 
food–safety risk due to E. coli O157: 
H7 in their beef burgers.

Given recent food safety outbreaks, 
regulators may come under pressure 
to introduce mandatory food–safety 
measures such as the one in the meat 
and poultry sector for fresh fruits and 
vegetables. The hypothetical scenario 
of introducing mandatory PR/HAC-
CP in the fruit and vegetable sector 
and its impact on consumer behavior 
was experimentally tested. Vegetables 
were preferred because of certain at-
tributes they possess. These include 
health benefits associated with regular 
consumption, consumption in mini-
mally processed form, and increased 
food safety outbreaks in recent years. 
Outbreaks include the 2003 green 
onion Hepatitis A outbreak, 2006 
spinach and lettuce E. coli O157:H7 
and Salmonella outbreaks. Results in-
dicate consumers exhibit offsetting 
behavior when positive information 
is provided to them about the poten-
tial impact PR/HACCP would have 
in the vegetable sector.

Thus, offsetting behavior was 
found to be exhibited by consumers 
both in consumption and prepara-
tion of vegetables, and in consump-
tion of burgers. In both cases, positive 
information from food safety policies 
altered consumers’ perception of risk 
in such a way that they developed a 
false sense of safety, which might in-
crease the possibility of a food con-
tamination event occurring. Lui, 
Huang and Brown (1998) illustrated 
a relationship between trust, risk, and 
food safety concerns given media and 
other associated information. The 
risk perceived by consumers is based 
on information about the quality 
and safety of a product that can be 
acquired from a variety of sources. It 
is therefore likely consumers can ac-
quire new information and change 
their perception of risk. For example, 
information about a contamination 
incident causes consumers’ perceived 

risk  to increase relative to their 
original risk perception. New and fa-
vorable information about food safety 
provisions help consumers slowly ad-
just their risk perception back toward 
a more objective level.

Consumers’ perception of food-
borne risk can be affected by several 
factors. These include measures taken 
to reduce the risk of contamination 
from production to consumption, 
experience an individual has with a 
foodborne poisoning event in the 
past, fear of the unknown, and de-
mographic characteristics such as age, 
sex, income, race, and educational 
background. Following the 2006 
nationwide spinach recall, research 
found trust in private and public in-
stitutions in charge of ensuring food 
safety have a substantial influence on 
consumers’ food safety perception 
(Onyango et al. 2007). This influence 
is exhibited by consumers’ trust of 
regulatory agencies such as the U.S. 
Department of Agriculture (USDA), 
Centers for Disease Control (CDC), 
and the Food and Drug Administra-
tion (FDA). Consumers’ implied 

Figure 2. Trends: Relative rates compared with 1996–1998 baseline period of 
laboratory–diagnosed cases with Campylobacter, STEC O157, Listeria, Salmo-
nella and Vibrio, by year . 
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Figure 1. Trends: Foodborne Disease Outbreak Surveillance System 
Source: Centers for Disease Control FoodNet (2006). 

Figure 2. Trends: Relative rates compared with 1996–1998 baseline period of laboratory–
diagnosed cases of meat infection with Campylobacter, STEC O157, Listeria, Salmonella
and Vibrio, by year. 
Source: Centers for Disease Control FoodNet, (2006).
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trust can reduce their concern in re-
sponse to positive information about 
the impact of potential polices aimed 
at alleviating the risk of a foodborne 
incident.

Potential Rationale for the 
Existence of Offsetting Behavior 
in Food Safety
The absence of a mandatory policy 
approach at farm and retail levels 
hampers the mitigating effect for 
which the food safety strategy is im-
plemented. Food undergoes differ-
ent forms of processing and handling 
from the time it is harvested to when 
it is consumed. Some food substances 
are delicate and perishable and need 
to be processed and distributed rap-
idly. However, the mere fact that 
different agencies are responsible for 
different aspects of food safety in the 
food production chain opens the situ-
ation to ongoing inconsistencies and 
inefficiencies. Hence, food might be 
contaminated along the production 
chain due to these nontransparent 
and nonuniform regulations.

There exists a dichotomy between 
pathogen levels at the farm, process-
ing, and retail levels, including the 
consumption level. For example, 
cross contamination occurring at the 
kitchen level and restaurants during 
food preparation, might undermine 
the impact and effectiveness of food 
safety risk reduction strategies. Salmo-
nella and E. coli O157: H7 are known 
to thrive at all levels of the food sup-
ply chain. A significant number of 
foodborne disease outbreaks have 
been witnessed at the processing level 
although PR/HACCP in the United 
States is mandatory. Given the op-
tional nature of the PR/HACCP at 
the farm and retail levels, and the 
voluntary nature of regulations in the 
fruit and vegetable sectors, the state of 
California, from where the 2006 na-
tionwide spinach outbreak started, is 
pushing for regulations to upgrade ex-
isting policies which have been found 
deficient in protecting the wellbeing 

of consumers. Some authorities have 
suggested present agricultural prac-
tices in the produce industry have not 
been effective in providing the neces-
sary protection against pathogen con-
tamination. 

The mix of food safety strategies 
undertaken by firms in the different 
food sectors is complex and cum-
bersome. For example, it is known 
that some firms employ voluntary 
PR/HACCP while others employ 
a different blend of testing involv-
ing standard operating procedures 
(SOP), good agricultural practices 
(GAP), third party checks, and vary-
ing degrees of testing by the U.S. De-
partment of Agriculture. The mix of 
strategies utilized might confuse con-
sumers and cause them to not fully 
understand the nature of the actions 
employed to improve food–safety 
standards. Therefore, consumers 
might develop a false sense of secu-
rity or trust in food–safety regulations 
and become negligent (reduction in 
avoidance expenditure) about their 
preparation and consumption behav-
iors. The expected outcomes of these 
food safety actions can be mitigated 
due to the reduction in consumers’ 
preventive actions. A common ex-
ample that can be advanced here is 
consumers’ consumption of ground 
beef. Even though it is generally rec-
ognized that undercooked ground 
beef has a higher risk of contamina-
tion from a lethal bacteria like E. coli 
O157: H7, beef burgers not cooked 
to recommended levels are still one of 
the more widely consumed foods in 
the United States.

Further Reflection
Given the rationale for offsetting be-
havior in food safety, consumers’ food 
expenditure decisions can be affected 
by the availability of food safety infor-
mation, the nature of the supply chain 
to produce a final product, and con-
sumers’ timing of decision making. 
The motivation behind implementing 
food safety policies in the food sector 

is to guarantee the well–being of con-
sumers. These food safety regulations 
(PR/HACCP in meat processing) are 
structured and implemented at points 
where the probability of adulteration 
is high, such as critical control points 
(CCPs). 

The effectiveness of these food 
safety policies is evaluated at these 
points, though each might be a single 
control in the network from farm to 
fork. In the case of meat, meat at the 
processing plant might be free of con-
tamination, but that does not guaran-
tee meat is safe for final consumption 
since it could have been contami-
nated in transport or at retail stores 
or restaurants. Therefore, when food 
safety information about processing 
plants is given to the public, consum-
ers could assume this safety level is 
relevant to what they buy at the retail 
outlet. Assuming information is fully 
transmitted, consumers may exhibit 
offsetting behavior and the net ben-
efit of food safety policies would be 
overstated. 

Positive food safety information 
following policy implementation was 
found to affect consumers’ attitude 
and behavior to the point where they 
become lax and negligent about the 
way they prepare and consume food. 
In the case of meat, they increased 
the likelihood of contamination due 
to the consumption of undercooked 
meat. In the case of vegetables, the 
likelihood of contamination increases 
due to consumers’ diminished effort 
to wash vegetables well.  The welfare 
consequence of offsetting behavior 
depends on the reduction in potential 
victims’ accident avoidance expendi-
ture. 

Offsetting behaviors should be 
taken into account to correctly state 
the net benefits of proposed food safe-
ty regulations.  These include possible 
mandatory regulations in the fresh 
fruit and vegetable sector and better 
and more efficient food safety regula-
tions in the meat and poultry sector 
as well as seafood and fruit juice sec-
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tors. Failure in this regard may lead to 
overstating food safety policy’s posi-
tive impact, which may in turn mis-
lead consumers, potentially further 
jeopardizing their health. 
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