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Abstract

The development of first generation biofuels, base@xisting agricultural crops such as
corn and sugarcane, has strengthened the linkagedre agricultural commodity markets
and energy markets. This paper analyzes the intjglisaof U.S. domestic and trade policies
for ethanol in the face of fluctuations in petraoteprices and the domestic supply of
feedstock (corn).

The current U.S. policy mix involves a prohibititaiff on imported ethanol, a fixed subsidy
for blending ethanol with gasoline, and a blendingonsumption mandate. Under this
closed economy case, as the likelihood that thedataris binding increases the variability of
ethanol use declines, the impact of oil price \tanes on corn prices is reduced, and the
impact of corn supply variations on corn pricesmigeased. The effect on corn prices of
changes in domestic biofuel policy, such as a redluan the level of subsidy or an increase
in the mandate, depends on the source of extenpaks and their relative magnitudes.

If a non-prohibitive tariff is applied corn pricesuld still be susceptible to fluctuations in oil
prices while total ethanol use exceeds the mandewet] but the impact of domestic corn
supply variability on corn prices would be reducéde magnitude of the reduction depends
on the flexibility of the use of corn for ethanliithe mandate is binding, the impact of corn
supply fluctuations on corn prices is increased idiess than under a prohibitive tariff
because blenders can adjust the use of domesticrguagted ethanol to achieve the mandate.
The impact of world oil price variability on cormipes under a binding mandate largely
depends on how the import supply curve for impogttnol is affected. If the minimum
supply-inducing price for imported ethanol is s&usito petroleum prices, corn prices could
be affected by petroleum price fluctuations evernvtine U.S. ethanol mandate is binding.
In the open economy case, the impact of domestidrande policies for ethanol on the
variability of domestic corn prices depends onrtiative magnitudes of external shocks as
well as on ethanol policies in supplying countries.

Holding the minimum supply-inducing price of impedtethanol and expected imports
constant and assuming that total ethanol use eg¢bednandate, the aggregate quantity of
ethanol used in the United States is less susdeptilfluctuations in petroleum prices under
anad valorentariff than under a specific tariff. But with a kiing mandate, fluctuations in
domestic corn supply have a larger impact on cagep with arad valoremtariff than with
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a specific tariff. The use of a variable tariff farported ethanol could stabilize corn prices
under a binding mandate, but could lead to incieb&aeability in world ethanol prices.



1. Introduction

Global biofuel production is expanding rapidly asictries pursue a range of goals, such
as reducing greenhouse gas emissions and enhamengy security. Governments have
generally intervened in their domestic energy marke promote the consumption and
production of biofuels because in most cases tthesimy would not have developed without
supporf (Tyner and Taheripour 2008). The most populargydfistruments are subsidies
(for example, tax exemptions or tax credits) predido blenders of biofuel and gasoline, and
blending or consumption mandates (de Gorter and2D@¥; Jull et al. 2007; Kojima et al.
2007; Rothkopf 2007; Steenblik 2007). The developnoé first generation biofuels, using
feedstock such as corn and sugarcane, has strardttiee linkage between agricultural
commodity markets and energy markets (Tyner anefijadur 2008). There has been a great
deal of debate on the design of biofuel policied gneir impact on agricultural markets and
the environmerit

Domestic biofuel policies typically involve multglpolicy instruments. Studies examining
the effects of alternative policy approaches ounl$éeck and energy markets are scarce. In a
series of papers, de Gorter and Just (2007, 2Q@@aa partial equilibrium approach to
analyze multiple policy instruments. They assessttonomic impact of a blending or
consumption mandate and an excise-tax credit, lmndhteraction among these policy
instruments in the context of the U.S. fuel mark&insidering a biofuel mandate, tax credits,
and tariffs as policy options, FAPRI-MU (2009) pides a numerical analysis of the
implications of hypothetical changes in U.S. ethaadicies.

Agricultural commodity and energy markets are stttjje variability. The implications of
alternative policy approaches in the context oftilations in petroleum prices and the supply
of feedstock have received limited attention. MaPdrad Babcock (2008a) use a stochastic
partial equilibrium model to examine the effectbt. ethanol expansion and mandates on
price risk for corn. Thompson et al. (2009) exanengirically how variations in corn yield
and the petroleum price affect corn price, ethgnigke, and ethanol use in the United States,
with and without a mandate. Despite these coniobat the impact of alternative policy

2 Although there are no production subsidies foaett in Brazil, the leading international suppligig
development of its ethanol infrastructure was ddpahon taxpayer subsidies.

3 A number of studies have evaluated the impactaftibl programs on agricultural and fuel marketd an
social welfare, using either partial or generalildopium analysis (Lundgren 2008). Several studiase
concluded that biofuel policies can have unintenglsmhomic consequences (Vedenov and Wetzstein 2008;
Khanna et al. 2008). Despite such criticisms ins@evitable that biofuels will play an importaaote in

future energy policies in many countries.



instruments on variability in biofuel and feedstaukrkets has not been comprehensively
evaluated.

Finally, the interaction between biofuel trade pigs, particularly import tariffs, and
domestic policies on domestic market variabilitg nat been investigated. de Gorter and Just
(2008b) investigate the static effects of U.S. ethatariffs, but their impact on market
variability has not been assessed.

This paper analyzes the implications of U.S. doioestd trade policies for biofuels in the
United States in the presence of fluctuations tnobeum prices and domestic feedstock
supply. In the first part of the paper we emplala@sed economy model (corresponding to
the current situation in the United States) in \atpeohibitively high duties prevent imports
of ethanol (currently the total US tariff is ab@ft cents per gallon). Building on previous
work by de Gorter and Just we develop stochaspplgtdemand models to evaluate current
domestic biofuel policy instruments: the provisafra fixed tax credit for blending ethanol
with gasoline (the current US federal tax credtscents per gallon having recently been
reduced from 51 cenfs)and the use of a mandate which requires a minitolemd ratio for
ethanol and gasoline or minimum consumption of mtffaOur focus is on how changes in
these policy measures influence market variahititthe presence of short-run (annual)
fluctuations in petroleum prices and the domestjipsy of corn®

In the second part of the paper we extend the ntodelestigate the effect of non-
prohibitive tariffs on market variability in the W@ad States. Allowing imports from
developing countries that have a comparative adggnin the production of biofuel
feedstock (e.g., cane sugar and palm oil) coutmhalthe United States to diversify its sources
of energy supply and reduce greenhouse gas ensssi@lower cost than relying
exclusively on domestic supplies of biofualith a reduced tariff, ethanol is likely to be

* There are also state tax credits. According tGdeer and Just (2008b), the overall tax credit 893 cents
per gallon in 2006.

®> The Energy Independence and Security Act of 2E034 2007) calls for 36 billion gallons of annual
renewable fuel production by 2022. The Renewabkds8tandard (RFS) in the Act requires 11.1 billion
gallons of renewable fuel production in 2009 andnanease in ethanol production to 15 billion gaidy 2015
(Energy Independence and Security Act of 2007118 Congress). Although U.S. legislation callsdor
minimum annual level of biofuel consumption, thenahate is implemented through the use of a minimum
blending requirement (ratio of ethanol to totall feensumption that each fuel-producing firm musemeThis
is enforced through a trading credit scheme admeirgd by the U.S. Environmental Protection AgerEyA).
Biofuel producers generate renewable identificatiobmbers (RINs) for each gallon of biofuel theyduroe.
RINs are used by fuel blenders as evidence of damge with the RFS. If their use of ethanol excabdsRFS
requirement, blenders can sell excess RINs.

® We do not consider the use of public storage tbpeim or corn to stabilize domestic markets.

" In many developing countries there is signifigaaitential for biofuel production (Jank et al. 2007his is
because tropical and subtropical feedstocks fduble usually have more favorable energy and enviental
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imported from Brazil, which can produce ethanohirsugarcane at lower costs than the corn
feedstock used in the United Stdte&/e assume that if the import tariff were redudbd,
current mechanism by which the federal governmepparts ethanol would be modified

such that the tax credit paid to blenders wouldyapply to domestically-produced ethanol

or alternatively a production subsidy would be pdiréctly to domestic ethanol refiners. This
would be necessary to avoid the politically unatixee option of subsidizing the use of
imported ethanol (Styles 2008). With respect to dades, we assume that the subsidy alone
cannot achieve the required level of ethanol ugergexpected gasoline price and corn
supply. Hence, if the mandate is binding the potmixed fuels will be higher than the
gasoline price.

In addition to examining the implications of redugithe specific tariff currently used by
the United States we explore the alternative agpres of using either a non-prohibitiad
valoremtariff or a variable tariff (i.e., one that variesersely with the price of ethanol in
order to maintain a stable domestic price). We erarhow the type of tariff and changes in
its level would affect U.S. market variability undéfferent domestic biofuel policies. Such
analysis helps to clarify the implications of domebiofuel policy design for stability in
both the biofuel and feedstock markets and thdioalship to trade policy.

Although several key variables are likely to besaféd by biofuel and trade policies (such
as the quantity of biofuel usédhe price of feedstock, the price of blended,fblinded fuel
use, and gasoline use), we focus on the price mkedtc feedstock (i.e., the corn price) and
ethanol use. Variability in corn prices is liketyhave significant domestic implications
through negative impacts on the agriculture industreven on the whole economy
(Newbery and Stiglitz 1981; Grega 2002). In additibecause of the role of the United
States in global markets, increased variabilitgom prices could have important
international implications (Elobeid and Hart 200jhammad and Kebede 2009). Closer
integration of the biofuel sector and agriculturerkets increases the susceptibility of these
markets to variability in energy prices.

The paper is organized as follows. The next segqiresents the closed economy model in

the context of the U.S. corn-ethanol market andréies the impact of changes in domestic

balances than crops grown in temperate latitudestidz-Gonzalez et al. (2007) conclude that ifafitfons in
the U.S. ethanol market were eliminated, both tie @nd Brazil would reap gains from trade.

8 According to Jank et al. (2007), there is a lgrgeential for sugarcane ethanol production in otfereloping
countries such as Colombia.

° High variability in biofuel use may have a negatimpact on the biofuel industry by creating pesioflboom
and bust, causing episodes of bankruptcy and reldeegital investment, such as observed in the id.2007-

2008 (Hochman et al. 2008).



biofuel policies on market variability. In secti@nwe use a two-country trade model (U.S.
and Brazil) to investigate the impact of non-prdative tariffs on U.S. market variability.
Some implications of a non-prohibitiael valoremtariff and a variable tariff are discussed in

section 4. The last section provides concludingarnsh

2. The Closed Economy Model

In this section we assume that prohibitively higtport duties prevent imports of ethanol,
and that all domestic consumption is sourced fromekstic production. This parallels the
current situation in the United States. To invedtghe impact of variability in petroleum
prices and domestic corn supply, we first needefind the linkage between corn and energy
markets and how variability is introduced. We begith the static model presented by de
Gorter and Just (2008a) employing nonlinear supptydemand curves. We then introduce
variability into this model and examine the effe€tlomestic biofuel policies on market

variability.

2.1 The linkage between corn and energy markets
Consider a competitive market with an aggregat@lyupurve for corn (feedstocky. and
an aggregate non-ethanol demand for dogp (this includes domestic food and livestock

feed demand, and foreign demand for corn). Any etaréturns to ethanol by-products (e.qg.,

distillers’ grains) are assumed to be reflectethexdemand curve. Assuming constant returns

to scale, the supply of domestic ethafgl is derived from the horizontal difference
betweenS. and D, (excess supply). Therefore, the intersection oftigply and demand

curves for corn in the absence of ethanol prodoaefines the equilibrium feedstock price
p.eand the intercept of the domestic ethanol supplyec(see figure 1.

Following de Gorter and Just we assume an exoggretusieum pricE and perfect
substitutability between ethanol and fossil thebuppose the energy market is also

competitive. LetS; denote the supply curve for gasoline (perfecthset) andp, the

gasoline price, which is the sum of the petroleuioepand an excise tax. The demand for

19 Note that ethanol processing costs are ignoréigume 1.

M Since the current share of biofuel in total fusé is small, the assumption of an exogenous petrofice is
reasonable. Even if the world oil price is endogen@ur principal conclusions are expected to besbt

12 The majority of U.S. consumers cannot choose lixacbratio flexibly. Changes in the vehicle flegitfiex
fuel” vehicles will make such a choice possiblgha future, as is currently the case in Brazil. 8ugn if
biofuel and gasoline are imperfect substitutesatians in biofuel use are strongly related to atoins in the
price of gasoline, so relaxing this assumption ndt affect our results.
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Figure 1: The linkage between domestic corn andggrmaarkets

liquid transportation (mixed) fuel is denoted Dy, . Total fuel consumptio®, is
determined at the intersection 8f and D,,- (if there is no ethanol production, gasoline

accounts for all liquid fuel usage). The intercepthe domestic ethanol supply curve is
assumed to be higher than the price of oil (thelgzes price minus the tax) in line with the
historical pattern of oil prices relative to thestof corrt®. Thus, if there are no biofuel policy
measures the quantity of domestic ethanol prodanodcconsumed is zero.

Suppose the quantity of ethanol used is given@@ythen the market (supply) pric@.,
is determined by the supply curve for ethanol. Gtw price is determined gi. which is
directly linked to p. . Total corn use (net value of corn adjusted fervthlue of by-products)
in ethanol production iy — Qe - The relationship between the corn price and thanel

price is:

k
= — —-C. 1
P [l_ ijE (1)
wherek represents units of ethanol produced from oneafrdorn, 7 is the proportion of the
value of corn returned to the market in the fornbyfproducts, and is processing costs.

According to de Gorter and Just (2008a; 2009b)e#tenate ok /(1—-17) for corn in the

13 This applies to most countries, with a few exaamisuch as Brazil where the production of ethaanlbe
competitive without subsidies.



United States is 4.06, which means that the caoe i very sensitive to a change in the

price of ethanol.

2.2 Variability in the petroleum price and domesten supply
Because we assume that the petroleum price is eaagethe inverse supply curve for oil

is perfectly elastic. The stochastic oil pricexpessed asp, = p, + 1, where p, is the

expected petroleum price avidis a random variable with mean zero and variamteThus,

the inverse supply curve for oil (gasoline) shiffsor down according to the value of the
stochastic component.

Introducing variability into corn supply is far neocomplicated because we need to take
account of how such variability (assuming non-etha@orn demand is fixed) affects the
equilibrium price of corn in the absence of ethamrolduction and consequently derive the
inverse supply curve for domestic ethanol. For $icitp, we use constant elasticity supply
and demand functions for corn, and assume thaubigpog-normally distributed (Newbery
and Stiglitz, 1981). If aggregate supply and demelasiticities are known, we can obtain the
coefficient of variation of the intercept of theverse ethanol supply curve. We assume that

the inverse supply curve for ethanol has a consiaefficient of variation with respect to the
ethanol supply priceS whatever the level of ethanol production. In otiverds,

multiplicative shifts in supply are assumed. Adzhtlly, we assume that no technological
change occurs and that non-ethanol corn demaixkis ih the short-run.
Let the constant elasticity (non-ethanol) corn dedni@nction be:

Quc = Ap°, £<0, 2
and let the constant elasticity corn supply be:
Qsc =Bp’, 7>0. 3

wherep is corn price. Suppose that the sole source @dtv@m is on the supply side, and that
output is log-normally distributed. The inversercsupply function can be written as:

P=(Qsc/B)"", Qec =Qsf, EF=1, Vard o, CV, _Ua,. (4)

By solving Q. = Q.. we obtain:

1

1
Pve = (A/B)T*87°. (5)



Therefore, variation in the equilibrium price ofrean the absence of ethanol productipg.
depends on the demand and supply elasticises{l /7). In that case the coefficient of
variation of corn price without ethanol producticem be expressed as:

Oy
n-«&
As the demand curve (and/or supply curve) beconws melastic, the coefficient of

cv, O 6)

variation of corn price in the absence of ethamotpction increases. Using equations (1)
and (6) we can obtain the coefficient of variatadrihe ethanol supply price.

Graphically, if the corn supply curv&. shifts as depicted in figure 2 (the dotted curves
indicate such shifts), the equilibrium price of revithout ethanol production will vary,
resulting in upward or down shifts in the minimuapply-inducing price for ethanol (the
intercept of the ethanol supply curve). Conseqyettie domestic ethanol supply curve

S, shifts as depicted in figure 2.

Corn Market
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Figure 2: Corn supply variability and shifts in atiol supply

2.3 Biofuel policies and variability
On the basis of the model presented aboveawexamine the impact of changes in U.S.
biofuel policies on market variability. A fixed taxedit per gallon and an ethanol

consumption mandate are the domestic policies dereit* and there is a prohibitive tariff.

4 Domestic agricultural policies such as deficiepayments are relevant. The interaction of farm isligs
with the tax credit and import tariffs is investigd by de Gorter and Just (2009b). Deficiency paymaffect
the producer price for corn, resulting in a gapMeetn the price paid by consumers and that recdiyed
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“Fixed” means that the government does not varyetiel of tax credit in the short-rth For
ease of expositidfiwe assume that the mandate requires a minimumrrodethanol be
consumed. In reality, a blending mandate is prexaldich means that the consumption of
ethanol can vary. This assumption does not affecpancipal conclusions because U.S.
demand for liquid fuel is inelastic in the shortrrand the ethanol demand curve under a
blending mandate, which is more inelastic tharftieédemand, is also expected to be very
inelastic in the short-rdfA Given these policy instruments, there are twodrtgnt cases:
either ethanol use exceeds the mandated levekan#éimdate is binding (ethanol use is equal
to the minimum required levéf) The distributions of random variables associatid

external shocks determine the probability thatrttadate will actually be binding. It is
useful to analyze these two cases separately terstashd how external shocks affect market
variability and how changes in policies affect likelihood that the mandate will be binding.

2.3.1 Ethanol use exceeds the mandate

We assume that a fixed excise taper gallon is imposed on motor fuel. A fixed tamdit
s per gallon is provided for ethanol. Hence, thesinse ethanol supply curve, inclusive of the
tax, shifts downwards by the amountand if s >t , the intercept of the tax and tax- credit-

inclusive ethanol supply curvg,. is lower than that of the original cun®,. . The

minimum amount of ethanol consumption requiredeisaled by@E. Figure 3 depicts the

case when the mandated consumption level is exde®deen the marginal cost of ethanol
production with the tax credit at the required minom level of consumption is lower than the
gasoline price, blenders will increase ethanolwadentarily up to the point at which

S.e intersectsp,, (this is the same situation as with a tax credn@). This is because
ethanol producers bid up the price of ethanol (dehmaice) p? to the gasoline price in
order to maximize their benefit (de Gorter and 206§X8). The quantity of ethanol used is

given by Q. (Qpe > QE) and the market price of ethanol (supply prigg)is determined by

producers. The redistribution from taxpayers tadpicers does not affect the market outcomes corsider
this paper.

15 Tyner and Quear (2006) examine the difference @etva fixed and variable subsidy for corn-basedreth
A variable subsidy could be used to stabilize makihis may be difficult politically due to budgey
limitations.

8 With a blending mandate the graphs become muclke ommnplicated. For a detailed analysis of a blegdin
mandate, see de Gorter and Just (2008a).

7 |n addition, the ethanol demand curve becomes inetastic as the minimum blend ratio is reduced. |
practice, the current share of ethanol in total fe@sumption is small.

18 For more detailed discussion of U.S. biofuel maeslasee Thompson et al. (2008).
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the initial ethanol supply curve. The supply prideethanol equals the sum of the petroleum
price and the tax credit. The market price for rdikeels is equal to the gasoline price. Total

fuel consumptiorQ,,- , does not change compared to the case with na@tpeoduction and
gasoline is replaced by ethanol in the amaQgt. It is apparent that as the level of the tax

credit increases, ethanol use increases and gas@adecreases.
Now consider the effect of fluctuations in the vdooil price and domestic feedstock
supply. Both of these affect equilibrium ethanat wen this initially exceeds the mandated

level. The market supply price of ethanol (corrcgyiis influenced by oil price fluctuations,

but there is no additional impact from the ethanarket. This is becausg? is always equal
to the oil price plus the fixed tax credit. If thi price is increased (decreaseg), is also

increased (decreased). Also, if the oil price ishamged,p? is also unchanged regardless of
the position of the ethanol supply curve. If thare no constraints to adjustment in ethanol
demand, variations in ethanol volume absorb copplsushocks in a competitive market. If
changes in ethanol use are less flexible (e.gudir limited flexibility in the use of corn in
ethanol refining)’, the impact of fluctuations in corn supply on ghert-run equilibrium

corn price is increased and the impact of oil pfigetuations is reduced.

U.S. Energy Market
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Figure 3: Consumption mandate with a tax creditwtie mandate is exceeded

¥ FAPRI-MU (2008) observes that refining capacitgresents an important and largely fixed determioént
supply in a given period, whatever the level of ie¢tirns to ethanol production.
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2.3.2 The ethanol mandate is binding

If the marginal cost of ethanol production with thg credit at the required minimum level
of ethanol use is greater than the gasoline pifigedemand price for ethanol would have to
rise above the gasoline price to meet the mand#terwise blenders would be unwilling to
use the required level. Thus, if the mandate isreetf® and nationally binding, the mixed
fuel price has to be above the gasoline price.

Mathematically, since a consumption mantfatequires a minimum amount of ethanol

QE be used by fuel consumers, the inverse supply dorvaixed fuels can be written as:

. - N P
Pwr = R (Pe +t—S)+[1_ S Jpe = (Pe 1~ 9Qe + Po (Que ~Qe) , (7
MF MF Qur
where pg = S-1(Q. Xthe supply price of ethanol) angf +t —s=> py . Differentiating
equation (7) with respect @Q,,- we have:
dpMF :_(f),§+t—s— pG)QE _ (8)

dQMF (QMF ) ?

If pS+t—s> p,, the first derivative is negative and the secoexvdtive is positive.
Therefore, the supply curve is flat ff +t —s= p? (the demand price of ethanol) unﬁg

is satisfied; it is convex-decreasing in total foehsumption beyon(fgE and asymptotic to
the perfectly elastic gasoline supply curve. Theadifuel price is determined by the
intersection of the inverse supply and demand aufwemixed fuels, and is higher than the
gasoline price. The binding case is depicted inrégu

When the mandate is binding, the oil price doesaffect the market price of etharfl .
It merely affects the price of mixed fuel and gaslconsumption. In addition, variations in
corn supply are directly linked to variations i tmarket price of ethanol (corn price)

because ethanol demand is perfectly inelastic #rahel supply fluctuates.

2.3.3 The impact of policy changes on market variability
The tax-credit-inclusive domestic ethanol supplweus,. shifts downward as the tax

credit is increased. Hence, the likelihood thaaett use exceeds the required level is

increased, given the minimum requirement and tbbadrility distributions for petroleum

2 We assume that penalties for violation are piitiagdy high so that all blenders comply with thendate.
This is the same assumption as in FAPRI-MU (2008).
2L de Gorter and Just (2007) discuss the staticafas&onsumption mandate.
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Figure 4: A binding consumption mandate with adeedit

price and corn supply. This means tbetieris paribusan increase in the level of tax credit
reduces the impact of corn supply fluctuationstendorn price and increases the impact of
petroleum price fluctuations on that price. Theiafality of ethanol use is increased. The
effect of changing the tax credit on corn priceafaility is dependent upon the relative
magnitudes of external shocks. Similarly, the @¢ftdchanging the minimum mandated level
of ethanol use on corn price variability also defgean the relative magnitudes of external
shocks because an increase in the required lestelrisparibus reduces the likelihood of
exceeding the mandated level. Thus, the impachanges in the mandate on corn price
variability again depends on the relative sizelagtliations, as explained above. For example,
when fluctuations in oil prices are large relatiodluctuations in corn supply, an increase in
the level of tax credit is expected to result ighar variability in corn prices andce versa
When fluctuations in corn supply are relativelythigicreased variability in corn prices will
result from reducing the tax credit or increasing fievel of the minimum requirement and
vice versalt is clear that reducing (increasing) the taeditrand increasing (reducing)

mandated ethanol use simultaneously will have aiatiytreinforcing effect on variability.

13



3. The Open Economy Model

In this section we extend our models to investiglageeffect of non-prohibitive tariffs on
market variability. With a reduced tariff, the Usuk States is likely to import ethanol from
Brazil under the current market situation. We fasicuss important assumptions regarding
the subsidy reform that would be required if théfswere reduced or eliminated, and the
future level of the mandate. We then present adaumtry trade model to define the
minimum supply-inducing price for imported ethaaad to examine its relationship to the
petroleum price. On the basis of the assumptiodgtamodel the impact of a non-

prohibitive (specific) tariff on U.S. market variéty is assessed.

3.1 Non-prohibitive tariffs, subsidy reform and rdates

For political reasons, reducing or eliminating tmgort tariff on ethanol would require
changes in the mechanism through which the fedgenadrnment supports the use of
domestic ethanol. As mentioned above, the U.S. govent currently provides a credit of 46
cents per gallon to companies that blend ethantl gasoline. All ethanol imported into the
U.S. (except for imports under the Caribbean Bastrative) is subject to an import tariff
and a “secondary duty” amounting to a combined tfteoughly 60 cents per gallon. If the
import tariff were reduced or eliminated under therent mechanism, taxpayers could end
up subsidizing Brazilian ethanol producers. In otlerds, the tariff currently imposed on
imported ethanol exists to offset the credit tloaeign suppliers would otherwise receive.

Two options could be considered to avoid subsidizareign ethanol suppliers (Styles
2008)?* First, the tax credit could be modified so thagplies only to domestically
produced ethanol. However, administering a twodteanol subsidy system could be
problematic. A second option would be to shift ploént of subsidy from the blender to the
ethanol producer by providing an ethanol productiobsidy. Although some problems may
arise regarding such changes, not least througmiational obligations through the World
Trade Organization, we assume that if the impoiff taere to become non-prohibitive, the
subsidy mechanism would be modified so that Amarteax dollars would not subsidize the
use of Brazilian ethanol.

In the future, the mandated minimum level of bidfuge is to increase in the United States.

If the level of tax credit or production subsidyypided to domestic ethanol producers is

22 de Gorter and Just (2008b) assume that the talit sse@pplicable to both domestic and import sigmlIf the
aim is solely to increase the use of ethanol ifigpesice to gasoline this could be a cheaper aligentnan
subsidizing domestic production. However, it isikelly to be feasible politically.
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unchanged, the likelihood that the mandate wilbineling will increase and the blended fuel

price will have to rise above the gasoline pri€@nly domestic ethanol is available, the price

of blended fuels will be high, resulting in sigedintly reduced fuel consumption. If Brazilian
ethanol is available due to a reduction in tarifie blended fuel price will be reduced
because blenders can replace some domestic ethyamoports. Domestic ethanol

production would be reduced and ethanol importslvocrease. Whether or not the

mandate is binding depends on the relative positadrihe domestic and import supply

curves for ethanol.
In sum, for the open economy model we assume that:

a) Subsidies are only applied to domestically produstddnol (we shall continue to use the
term “tax credit” to refer to the incentive provetl® use ethanol in the United States,
while recognizing the possibility that this migltt@ally be a production subsidy).

b) Mandated ethanol use will be higher than the ctilexel (it can not be achieved by the
subsidy alone).

c) The import tariff will be reduced or eliminated (fease of exposition we assume that this
is a single tariff, rather than the compound tariffrently applied in the United States).

d) Imported ethanol is available from Brazil (thisaiéwo-country model that does not take
into account ethanol trade involving other coursifie

e) The excess supply curve of ethanol from Brazilasaffected by random variations in
the supply of sugar cane (the only source of aljurally-related variability in the model

is attributable to short-run shifts in the supplyorn).

3.2 The trade model

Before we consider the effect of a non-prohibitaeff on market variability, it is essential
to understand the Brazilian ethanol market, howirtiort supply curve (in the United
States) is derived, and the relationship betweeritlorld” (i.e., Brazilian) ethanol price and
the petroleum price.

First, suppose there are no U.S. imports of ethaibhkt happens in the ethanol market in
Brazil and what is the price of ethanol? The eftilim price of ethanol is determined in
relation to the price of gasoline in Brazil evethiére is a difference in fuel efficiency. Since
ethanol provides fewer miles per gallon than gasolBrazilian drivers know that ethanol is
price-competitive only when it costs no more th@rpércent of the domestic price of

# Although some other countries import ethanol fidrazil, we assume for simplicity that there is mpbrt
demand except from the United States.
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gasoline (Xavier 2007). de Gorter et al. (2009)uarthat the ratio of miles per gallon derived
from ethanol to miles per gallon derived from gasois estimated to be 0.70. What is the
shape of the demand curve for ethanol? Becausdutwehicles (FFVs) are prevalent and
the share of ethanol in total fuel use is high raAl, consumers can choose either ethanol or
gasoline (blended with anhydrous ethanol) flexiidged on their relative prices (relative
consumer prices). This implies that as a substitutgasoline the demand curve for ethanol
is quite elastic given the expected gasoline guige inclusive of the fuel t&X. In addition,
all fuels are required to be blended with 25 pere¢imanol, which is the minimum
requirement. Therefore, we assume that the demand &or ethanol in Brazil is perfectly
inelastic at the mandated |evi-gE, and beyond that point, it is downward-sloping tuite
elasticD,. as seen in figure 5. Note that perfectly ineladémand at the mandated level is a
simplifying assumption.

Suppose that Brazilian ethanol use exceeds theatethtkvel in the initial state, which
corresponds to the current situation because Bsdgiuel of ethanol consumption is around

40 percent of the motor fuel market (Xavier 200 )that case the supply priges. is
determined at the intersection of the Braziliaraath supply curveS,. % and the tax-
inclusive demand curv@;. . The fuel tax on ethanol is currently lower thhatton gasoline
due to a tax exemption, but unlike in the Unitealt& this is positiv& Thus, the demand
price of ethanolpy. is higher than the supply price by the amounheftax on ethanol and
its equilibrium price is expected to be around @@cpnt of the tax-inclusive price of
gasoliné’”. The quantity of domestic ethanol consumed in Bisgiven by Q.. .

The minimum supply-inducing price for imported etbh excluding the fuel tax and tariff
in the United States, is the no-trade supply pofcBrazilian ethanolps: plus transportation

costs (about 16 cents per gallon; Tokgoz and EtbP@06). Hence, the intercept of the

import supply curve is this minimum supply-inducipigce for imported ethanol plus a fuel

24 According to Xavier (2007), Brazilian drivers spaal using pure ethanol when the price reached® 0.9
about 85 percent of the price of gasoline at imetiMcPhail and Babcock (2008b) discuss the shhffeo
ethanol demand in the United States. Ethanol dernsa@xpected to be quite elastic at increased giemnbf
ethanol use.

% There are two types of ethanol in Brazil: anhydrethanol (the type blended with gasoline) and duysir
ethanol (used in flex-fuel vehicles). But abstnagtirom differences in vehicle technology the twonfis can be
viewed to be essentially the same. Thus, we conagigregate ethanol supply and demand.

% The fuel tax less the tax credit (or tax exemptismegative in the United States. The supplyepischigher
than the demand price.

?"This is because if the ethanol price, inclusivéasf is lower than 70 percent of the gasolinegrimnsumers
purchase additional ethanol. An increase in theadehfior ethanol would increase the consumer padbe
equilibrium level of around 70 percent of the gasoprice.
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Figure 5: The Brazil ethanol market with no trade

tax if there is no tariff. If a specific import thris imposed, the import supply curve shifts up
by the amount of that tariff. How is the shapehs import supply curve determined?
Because we assume that Brazil imposes a mandathanol us€, import supply is elastic
up to the price which leads to a binding mandatrazil, and beyond that point, it becomes
more inelastic. Hence, the import ethanol supplyes; is kinked at the price which
makes the Brazilian ethanol mandate binding. At pinge the quantity of imported ethanol
IS Qge —QBE. These conditions are illustrated in figure 6.

With imported ethanol use given @E , the supply price of ethangig equals the world

'S

(Brazilian) ethanol pric@g; , which is higher than the no-trade equilibriuncer({it is

assumed that the United States is a large coumgriter). Total ethanol supplied @<,
and the mandate is binding in Brazil (i.e., ethars# in Brazil is@BE). In this case,

Q,E = Qes —QBE. The price of sugar will be increased becauseraziBthe vast majority of

refiners are capable of producing either sugatharel, depending on relative prices, and

ethanol production is increased if the price ohethl rises (a reduction in the supply of sugar

will lead to a higher sugar price). The demandefa ethanolp? in the United States is

2 Even if there is no mandate, Brazil might be expeto protect the domestic ethanol market (ehgouigh an
export restriction) if the price of Brazilian ettwmeviated substantially from the gasoline pric@&razil.
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determined by the tax-inclusive import ethanol dygprve S, (in figure 6, we assume that

there is no tariff).
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Figure 6: The Brazil ethanol market and the imgogiply curve in the U.S.

If the world oil price fluctuates, this affects rmily the U.S. gasoline price but also the
Brazilian ethanol supply price because changdsdroil price affect Brazilian ethanol
demand. If the price of Brazilian ethanol chandks (depends on how the consumer price of
gasoline in Brazil is affected by world oil pridedtuations), the minimum supply-inducing
price for imported ethanol in the United States alsanges.

The impact of petroleum price fluctuations on tm@ort supply curve for ethanol is shown

in figure 7. As in previous figure€);. is the tax-inclusive demand curve and the no-trade

equilibrium price of Brazilian ethanol ip5. . S is the supply curve for imported ethanol.
Let us regard these as defining the initial sthte petroleum price rises, the ethanol

demand curve in Brazil will shift upwards . because the gasoline price will be

increaset’. pee is the new supply price of Brazilian ethanol (thimimum supply-inducing

price is increased) ang. is the new import supply curve. This curve is &tasp to the
price that results in a binding mandate in Brazd above that level it corresponds3g
because excess supply response is the same iods@#b. In contrast, a reduction in the
petroleum price will result in reduced domestic dachfor ethanol in BraziDg. (providing

that the consumption mandate is not binding in Brand hence a lower market supply price

2 The impact of oil price fluctuations varies betwaamhydrous and hydrous ethanol (Elobeid and ToRG6H
and 2008). However, we are interested in the oMenglact of world oil price on ethanol demand.
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for ethanolpye . Hence the intercept of the import supply curvéni United State§; shifts
downwards.Si is kinked at the price that results in the bindimgndate in Brazil and
becomes inelastic above that price. It corresptm@;. at the price which leads to a binding
mandate with the initial demand cung,. .
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Figure 7: The impact of petroleum price fluctuati@m the import supply curve

3.3 The impact of external shocks on market valitglwith non-prohibitive tariffs

We are now able to examine the impact of externatlss on market variability in the
United States with a non-prohibitive specific thahd a tax credit applicable only to
domestically produced ethanol. As discussed alibedevel of mandate is binding initially
if only domestically produced ethanol is availal#is.in the closed economy case, we
examine the two cases in which U.S. ethanol useesiscthe mandate and the mandate is

binding separately. We then examine how changpslinies influence market variability.

3.3.1 U.S. ethanol use exceeds the mandate

If ethanol use exceeds the mandated level, the mmEce for ethanol is equal to the
demand price of gasoline in the United States sraurrently the share of ethanol in total
fuel consumption is small and because FFVs acdousimall share of all vehicles. If FFVs
were prevalent or if ethanol could be blended wdBkoline safely above the current blend
ratio (E10), the equilibrium price of ethanol coble lower than the gasoline price due to the
difference in fuel efficiency, but even so, the @ price for ethanol will be tied to the

gasoline price.
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The aggregate ethanol supply cuiSg (the bolded curve) is the horizontal sum of the
domestic ethanol supply cun&,. , including the fuel tax and tax credit, and th@ared
ethanol supply curvé&, , including the fuel tax and import tariffs. Unlegbg minimum

supply-inducing price for imported ethanol, inclesof the tax and tariffs, is less than the
gasoline price, ethanol use never exceeds the rehldavel because we assume that the

marginal cost of domestic ethanol production wihté tax credit is higher than the gasoline
price. Ethanol use exceeds the mandated Iégda‘l the aggregate supply curve intersects the

perfectly elastic gasoline supply curve at a palmive the mandated level. Blenders increase
ethanol use up to the point where the marginalisosual to the gasoline price in order to
maximize their benefits. This situation is depictedigure 8. Total ethanol use @,; , being
composed of domestic ethar@}. and imported ethandd,. . The demand price for ethanol

is equal to the gasoline price. The supply pricdahestic ethanop is determined by5,; .
The supply price of Brazilian ethanol is equivalenthe gasoline price in the United States
minus the fuel tax and the tariff. With a reductiorthe tariff S; shifts downwards and

imports of ethanol increase.

U.S. Energy Market
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Figure 8: U.S. ethanol use exceeds the mandatenerttprohibitive tariffs

When total ethanol use exceeds the mandate, thdysoice of domestic ethanol is the

sum of the world oil price and a tax credit whatethe level of use. If domestic ethanol
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demand adjusts to external shocks rapidly enoingh¢cadrn price is sensitive to petroleum
price variations but is not sensitive to domestimcsupply variations. The use of imported
ethanol and the world ethanol price depend on Hoamges in the world oil price affect the
import supply curve. If, for example, Brazilian atiol use exceeds the mandated level and a
decrease in world oil price leads to a reductiothexminimum supply-inducing price for
imported ethanol, ethanol imports may be unchangedrgued above, this depends on the

sensitivity of gasoline consumer prices in Braaithie world oil price.

3.3.2 U.S. ethanol use is at the mandated level

If the marginal cost of ethanol use (the aggregapply curve) is above the gasoline price
at the mandated level, the U.S. ethanol manddtimang. Figure 9 illustrates this case with
a non-prohibitive tariff. As in the closed econonase, the demand price of ethamg]
would have to rise above the gasoline price toeaghthe mandate; otherwise blenders would
be unwilling to use that amount of ethanol. Agawth a binding mandate the quantities of

domestic and imported ethanol are givenQyy and Q. , respectively.

U.S. Energy Market
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Figure 9: The binding mandate with non-prohibitiggffs

In the closed economy model, oil price fluctuatidiasnot affect the price of corn when the
mandate is binding. With non-prohibitive tariffguever, variability in the world oil price

can affect the corn price when the mandate is bqwdihe U.S. has to use a certain amount
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of ethanol. If the world oil price is reduced, thés no impact on the U.S. domestic ethanol
supply curve but the world ethanol supply price lddall due to changes in ethanol demand
in Brazil (assuming flexible demand for ethanoBirazil). If Brazilian ethanol use exceeds
the mandate initially and the world ethanol supgpige falls, Brazilian ethanol becomes
relatively cheaper for the United States. Sinceatjgregate supply curve shifts downward,
blenders will increase the use of imported ethanal reduce the use of domestic ethanol,
resulting in a lower price of corn. This case ipided in figure 10. When a partial shift in
the import supply curve is larger than that indioenestic ethanol supply curve due to corn
supply variations, the variability in the corn @ricould be high. If the world oil price does

not affect the world ethanol supply price, it does affect the corn price under a binding

mandate.
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Figure 10: The impact of world oil price fluctuat®on the supply price of domestic ethanol

If the mandate is binding, domestic corn supplgtilations affect the corn price. However,
it is important to note that even in this case,itheact of fluctuations in domestic corn
supply on the corn price is smaller with a non-vdive tariff than with a prohibitive tariff.
This is because blenders can change imported dthe@do achieve the mandatory blend
requirement. For example, if domestic corn supplyeduced (dotted lines), the domestic
supply curve for ethanol shifts upward and so dbesggregate ethanol supply curve (the

ethanol demand price is increased). If a prohibiteriff is in place, blenders must purchase
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domestic ethanol, resulting in an increase in ethampply price and hence the corn price. If
blenders can use relatively cheaper imported etharachieve the mandated level, domestic
ethanol use can be reduced (here we assume thatgbg supply curve is stable).
Consequently, the impact of corn supply fluctuagion corn price becomes smaller. This
example is depicted in figure 11. At the same timeld ethanol price is increased because
the quantity of imported ethanol is increased. Whdlde part of the instability in domestic
corn price caused by domestic corn supply flucturetin the U.S. is transferred to the world
ethanol market if the U.S. mandate is binding.

If both the domestic and import supply curves finaeol shift simultaneously, variability
in the corn price could be higher compared to teeavith a fixed domestic ethanol demand.
Suppose that domestic and imported ethanol suppiyes shift upward and that the shift in
import supply is larger than that in domestic syppi this extreme case, blenders will
increase domestic ethanol use even if domesticsaguply is reduced because imported
ethanol becomes “relatively” more expensive. Indbm market, corn supply is decreased

but corn demand is increased simultaneously, iagult upward pressure on the corn price.

U.S. Energy Market

¢ /gal S
o SE
A J Soe
/,’ ,'l / SAE
s ,/ // /
pE * // ’, /,
/' // /
’ 7
7
// //
D . .
o2 bam ot - S
pG = = //_’- ——
/’,, /
Dye
__’, ‘..
0 Qe Que Qc = Q¢ Que Gallons

Figure 11: The impact of a reduction in corn sugpiythe supply price of domestic ethanol with

imports

23



3.3.3 The impact of policy changes on market variability

Given the tax credit and minimum mandatory usedaction in the tariff increases the
probability that total ethanol use will exceed taquired level in the presence of external
shocks. This increases the impact of petroleuneghictuations on corn prices. It reduces
the impact of corn supply variations if the pettoteprice does not affect the supply curve
for imported ethanol under a binding mandate. Ef/ére likelihood that the mandate
becomes binding is unchanged regardless of thé déviee tariff (i.e., the tax credit is
reduced and/or the minimum required level of ethase is increased), the impact of
domestic corn supply fluctuations on corn priceesuced if imported ethanol supply is
sufficiently positive and relatively stable. Withamdates, part of the domestic corn supply
shock is transmitted to the world ethanol matket import supply is sensitive to petroleum
price fluctuations, an increase in the likelihoderceeding the mandate could result in a
reduced aggregate impact on the corn price. Thadtrgf changes in domestic and trade
policies for ethanol on the variability of domestmrn prices depends on the relative
magnitudes of external shocks as well as how prtrolprice fluctuations affect excess
supply (i.e., it depends on Brazilian policies ébinanol as well as those of other importers).
This is because changes in policies influencedlaive impacts of petroleum price and
domestic corn supply fluctuations through changease likelihood that the mandate will be
binding. A reduction in the tariff, an increaselwe tax credit, or a decrease in the minimum
mandatory use reduces the likelihood that the nmtarakzcomes bindingeterisparibus

4  Alternative Trade Policiesand Market Variability
In this section we discuss the impact of alterreatrade policies on market variability. As
alternative trade intervention policies a non-pbithve specific tariff, a non-prohibitivad

valoremtariff, and a variable tariff (variable in the sttoun) are considered.

4.1 Specific tariff versus an ad valorem tariff

With a specific tariff shifts in the supply curvéimported ethanol are parallel movements.
The slope of the curve is steeper withaanvaloremtariff and shifts cause the curve to rotate
upwards and downwards. If total ethanol use excetlmmandate, there is no difference
between the two types of supply curve in termsefdffect of external shocks on the
domestic corn price. The position and slope ofitty@ort supply curve is relevant only to

%0 If there is little or no domestic ethanol prodaotidue to a reduction in tariffs and the tax cresiith a shock
would still be reflected in the domestic corn price
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changes in the quantity of imported ethanol (antthehe world ethanol price) when the
world oil price fluctuates (providing that the nmmim supply-inducing price of imported
ethanol is unchanged).

When the mandate is binding, however, specificathdalorentariffs differ in terms of
their impact on U.S. (and world) market variabili§s discussed above, changes in domestic
corn supply affect both domestic and imported ethase with non-prohibitive tariffs. When
ethanol import supply is stable, the impact of caupply fluctuations on corn price is no
larger with a non-prohibitive tariff than with agibitive tariff. Because the import supply
curve for ethanol with aad valoremtariff has a steeper slope than with a specifidfta
changes in the demand for both domestic and imgi@tteanol due to corn supply shocks are
smaller. Hence, fluctuations in domestic corn syalve a bigger impact on the supply price
of domestic ethanol with aad valoremtariff compared to a specific tariff. Variability
imported ethanol use is smaller with ah valoremtariff, resulting in less variability in the
world ethanol price. In contrast, corn price vailigbis smaller with a specific tariff and
variability in the world ethanol price is highethi$ implies that there is a trade-off between

domestic and world ethanol price variabiiity

4.2 A variable tariff

Rather than using a fixed specificaw valoremtariff, a tariff that varies inversely with the
supply price of domestic ethanol might be u¥eiitotal ethanol use exceeds the mandate,
the level of the tariff affects the quantity of iorped ethanol. Thus, if the tariff is variable,
aggregate ethanol use in the United States catab#ized. However, variability in world
prices of ethanol and sugarcane are likely to gdricompared to the case of fixed tariffs
because the demand for imported ethanol becomes vadable.

If the mandate in the United States is bindingaaable tariff can help to stabilize the
domestic price of corn. With a binding mandate amdnstant tariff, when domestic corn
supply falls, the ethanol demand price rises, déimethanol use falls, and the use of
imported ethanol increases (see figure 11). Ifftaare reduced in this case, the ethanol

demand price can be stabilized. Domestic ethareofalls further and imports of ethanol

3L Our argument is similar to that in Bale and Luit879) who examine the effects of different tradervention
policies on international price instability. Thagpd that arad valorentariff results in smaller price instability
in an exporting country and larger price instapilit an importing country in comparison to a fixgukcific
tariff or free trade.

%2 variable tariffs have been used in a variety afritdes as a device to stabilize domestic agricaltprices.
International obligations may limit the use of sactariff, particularly if there is a binding oretimaximum
tariff that can be applied.
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expand more. As a result, the pressure on domasticprices from continued domestic
production of ethanol is reduced. With a variakldft, the opposite effects will apply when
fluctuations in the supply of corn lead to lowenaestic feedstock prices. Corn prices will be
more stable with a countercyclical tariff on ethlathan with a fixed tariff.

Because imports of ethanol become more variable avtountercyclical tariff, variability
in the world ethanol price is increased. In additionder a binding mandate with a fixed
tariff if the minimum supply-inducing price of ethal is reduced due to changes in the world
oil price, the quantities of domestic and imporé#ganol will adjust, resulting in a reduced
corn price under a binding mandate (see figurelh@ontrast, with a variable tariff imports
and domestic ethanol use will be more stable aisditii increase the stability of domestic
corn prices but at the expense of higher varighiitworld ethanol prices. In sum, with a
binding mandate a variable tariff in an importiraguotry (U.S.) has the effect of transferring
the burden of adjustment to fluctuations in thelabdity of the domestic feedstock (corn)

onto the world market for ethanol (and presumabbyes)>.

5 Concluding Remarks

An increase in the use of biofuel as a substittédssil fuels has tightened the linkage
between agricultural commodity markets and energykets. This paper investigates the
impact of U.S. domestic and trade policies for b&fn the face of fluctuations in world oil
prices and the domestic supply of feedstock (corn).

With a prohibitive tariff on imported ethanol, d&etlikelihood that a mandate on the use of
ethanol becomes binding increases, variabilitytivaeol use declines, the impact of
variations in world oil price on corn prices is veed, and the impact of variations in corn
supply on price is accentuated. Therefore, thecesffef changes in domestic biofuel policy,
such as a reduction in the level of subsidy undamaates and an increase in the level of the
mandate, on corn prices depend on the relative mags of external shocks.

With non-prohibitive tariffs, when total ethanoleuexceeds the mandated level, the corn
price is susceptible to fluctuations in world ailges but the marginal impact of ethanol
production on the variability of the corn pricesimall or eliminated, depending on the
flexibility of the use of corn in ethanol refininlj.the mandate is binding, the marginal

impact of domestic corn supply fluctuations on cprce is higher, but smaller than with a

33 Again, our argument is similar to that in Bale andz (1979). They mention that a variable levyutesin
higher price instability in an exporting countrydasmaller price instability in an importing country
comparison to a fixed specific tariff or free trade
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prohibitive tariff because blenders can adjust detitn@nd imported ethanol use to achieve
the mandatory blend requirement. The impact of avoil price variability on corn prices
under a binding mandate depends on how the supphg ¢or imported ethanol is affected. If
the no-trade supply price of Brazilian ethanoldastive to the petroleum price, corn prices
in the United States could be affected by fluctuadiin the price of petroleum even if the
mandate is binding. Hence, the implications of ¢fegnn domestic and trade policies for
ethanol for variability in domestic corn prices daf on the relative magnitudes of external
shocks as well as on Brazilian ethanol policies.

If expected imported ethanol use is constant, timemum supply-inducing price of
imported ethanol is unchanged, and total etharmkexseeds the required level, the aggregate
guantity of ethanol used in the United Statesss Rusceptible to a petroleum price shock
with anad valoremtariff than with a specific tariff. Under a bindimgandate, fluctuations in
domestic corn supply have a larger impact on cagep with arad valoremtariff compared
to a specific tariff. A countercyclical variableitaon ethanol under a binding mandate could
stabilize the corn price in comparison to a fixadft, but would likely result in higher
variability in world ethanol prices. There is tmade-off between domestic and world ethanol

supply price variability.
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Appendix
Proof of equation 6

Let the constant elasticity (non-ethanol) corn dedni@nction be

Qpc = Ap°, £€<0. (1)
Also let the constant elasticity corn supply be
Qs =Bp’, n>0. (2)

Suppose that the source of risk lies on the sugigly, and that output is log-normally
distributed @ is log-normally distributed). The inverse corn glygfunction can be written

as:
P=(Qs/B)"", Qs =Qg:8, E6=1,Var6 Oo?, CV,_Oo. ©)
Let =€? and Z~N(u,0? ), thenEG = E€* =e**? /%, Since we assumgfd = , 1
u=-0%/2. The variance ob is
Var(g) = (7 -1)e*" =¢” -1. (4)

Sincee* 01+ x, Vard =g, Oo”. By solving Q. =Q we have

1 1

p=(A/B)"* 0" (5)
Therefore, variation in equilibrium corn price wotht ethanol production depends on the
demand and supply elasticitiesdnd ). Let1/(n7—-¢&)= . Then, expected value of corn

price without ethanol production can be derived as:

Ep=(A/B)?E&” =(AIB)* ex{%ﬁ(ﬁ—l)azj , (6)

where EG” = ex;{ﬂ,u +%ﬂ202j = ex;{—%ﬂaz +%ﬂ202j = ex;{%ﬂ(ﬂ —1)02j :
The variance of corn price without ethanol produtis given by:
Var(p) = E{((A/ B)* 6 - Ep)?} = (Al B)* E6* — (Al B)** (EF*)? @)
= (A/B)*{exd8(2B8-1)0?)-exdB(B-1o? )}
= (AIB)* exdB(B-1)o* fexd820?)-1}.
Its coefficient of variation is given by

2B _ 2 252
v, _JArB)” exdp(B-10* fexd o)1 _ Jodza?)-1. ®

(A/B)” exp@ ,6’(,6’—1)02]
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By Maclaurin series approximations this expressiam be rewritten as:
o
Cv, Oy pB*c? Upo, = o —05 :

Note that this result relies on accuracy of apprationse” 01+ x . Mathematically

x> -1 becausex [ log(L+x )r € > 0. Whenx is close to 0, the difference is very small,

9)

but if x is greater than 0.42, the difference is greatam th1, which is large. Ik is large,
for example 5, this approximation is apparently aoturate. But we find that it is accurate in

our model because, andB*c? are close to zero.
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