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Abstract

A rational expectations competitive storage model for U.S. corn and RIN (Renew-
able Identification Numbers) markets is built to study the impacts of different ethanol
policy scenarios. The model considers corn use for ethanol, storage and all other uses
in each period, accounting for two random variables: oil prices and corn yields. Bor-
rowing and banking provisions of the Renewable Fuels Standard (RFS) mandate are
also integrated into the model. We use the model to provide estimates of the impact
on corn prices, corn plantings and ethanol production under two ethanol mandate sce-
narios for six marketing years from 2014/15. The first scenario is one in which corn
ethanol mandates stay the same as required in the RFS and additional E85 stations
are introduced that allow for compliance with higher mandates. The second scenario is
one in which no investment occurs and the Environmental Protection Agency reduces
the mandate to 13 billion gallons. We find that corn prices drop about 6 percent from
reduced mandates or about 26 cents per bushel, while RIN prices drop from around 54
cents to nearly zero. The results suggest that meeting the more broad policy objectives
of energy policy and not the price of corn or RINs should determine the level of ethanol
mandates.




1 Introduction

The impact of increasing biofuel consumption has been the subject of intense study over the
last few years because of the concern that policies that support biofuels may have unintended
impacts on impact food prices (World Bank), greenhouse gas emissions (Searchinger et. al
(2008)), or fuel prices (CBO). Biofuel mandates in the Renewable Fuels Standard (RFS) is
the primary policy that supports biofuel consumption in the United States so attention has
recently focused on the impact of these mandates on biofuel production. The compliance
mechanism for the RFS is that fuel producers and importers must obtain sufficient Renewable
Identification Numbers (RINs) to show that they have met their biofuel obligations. RINs are
produced when biofuels are produced. Their 38-digits facilitate traceability of each biofuel
batch. Obligated parties obtain RINs either by buying biofuel from producers or by buying
RINs in the market. Optimizing firms will choose to buy RINs if the price of RINs is less than
their net cost of buying and blending biofuels that have the RINs attached. The net cost of
buying and blending biofuels is the difference between the market price of the biofuel and its
value in the fuel market. In theory, the price of RINs in the market will reflect this net cost.
When RFS mandates push biofuel beyond the level that market forces alone would support,
then the price of RINs will increase. RIN prices will approach zero when mandates are lower
than the quantity that market forces support. Thus RIN prices provide a market measure
of the impact of the RFS on biofuel consumption and production as well as providing a
measure of marginal compliance costs. To lower the cost of complying with biofuel mandates
the Environmental Protection Agency (EPA) allows RINs to be banked or borrowed. Thus
the price of RINs will not only reflect current net costs of buying and blending biofuels but
also anticipated future net costs. Rubin (1996) developed temporal arbitrage conditions for
tradeable environmental permits that can be banked or borrowed. McPhail (2010) applied
these conditions to the RIN market and solved the optimal conditions for how many RINs
to store based on no-arbitrage conditions. However, she ignores the 20% borrowing and

banking constraints and to simplify the problem assumed that ethanol mandates disappear



in the future so that two-year ahead RIN price distributions can be more easily estimated.
The other model that has been used to project impacts of RF'S mandates include Thompson,
Meyer and Westhoff (2008, 2009a, 2009b) who use the FAPRI-MU model. The model in these
papers did not incorporate borrowing and banking of RINs. Thompson, Meyer and Westhoff
(2011) model RIN banking as a decreasing function of the current RIN price. They generate
a dynamic price path for RIN prices but storage in their model depends only on the current
RIN price rather than expected future RIN prices. Thus the model cannot be characterized.

The contribution of this paper is estimation of the future impact of RFS ethanol
mandates under two scenarios. The first scenario assumes that EPA allows mandates to
increase to 15 billion gallons, which is the cap on mandates that can be met with corn ethanol.
The second scenario assumes that EPA keeps mandates at approximately 10 percent of US
gasoline consumption. The impacts are estimated with a new competitive storage model of
RINs and corn. The source of uncertainty in the future prices of corn is variable growing
conditions which leads to supply volatility. The source of uncertainty in RIN prices is cost
variability caused by variable corn prices as well as demand variability caused by uncertain
future gasoline prices. The model is solved to allow estimation of corn and price distributions
through the 2019 crop year using USDA projections of corn demand along with trend yield
adjustments. Results indicate rather modest impacts on corn prices but large impacts on

RIN price distributions.

RFS Compliance

With borrowing and banking provisions, a generated RIN is valid for two years. RINs expire
after their valid life to prevent hoarding of RINs. RFS required that more than 80% of the
mandated volume in a certain year will be met by RINs generated in the same year. That
is, a maximum of 20% of the mandate can come from the RINs generated in the previous
year. If the previous year’s RINs are more than the maximum 20% limit, then the extra

RINs expire. When a shock happens like the drought condition in 2012, it could be that the



obligated parties may run a deficit of RIN stocks. If this condition happens, the obligated
party is required to not have a deficit greater than 20% of the next year’s mandate. If deficit
happens in one year, the next year’s mandate will include the deficit. With RIN borrowing
and banking, RINs generated in excess of the mandate could have a value for meeting the
next year’s mandate.

The policy for RIN use in our paper is slightly different from reality. RFS requires
that RIN borrowing is not allowed in consecutive two years. For simplicity, we assume that
RINs can be borrowed or banked up to 20% of the next year’s mandate for each year. Thus

the policy used in this paper is a little bit more flexible compared to reality.

2 The Model

In this simplified competitive markets model, a representative farmer makes an acreage
decision each period. Harvested corn is used for feed, food, export, ethanol, and storage.
A representative corn stock holder decides how much to store for the future according to
a no-arbitrage condition. We assume that there is a representative ethanol producer who
is both a blender and an obligated party!. In each period, They need to decide how much
more ethanol they need to produce in order to meet a mandate in each period considering
current and future costs of meeting the mandate, as well as the fact that they can borrow

and bank RINs?. Corn is consumed by a representative consumer according to the corn

! As defined in RFS2, obligated parties are any refineries producing gasoline or diesel fuel within the 48
contiguous states or Hawaii, or any importer that imports gasoline or diesel fuel into the 48 contiguous states
or Hawaii. Blenders, who simply buy ethanol and gasoline and blend ethanol into gasoline, are not obligated
parties under the RFS. However, some blenders also own oil refineries such as BP and ConocoPhilips and
so are considered obligated parties. The mandate for each obligated party is determined as a percentage of

the total gasoline they sell in the United States.

2 Here RINs are negative mandates. RIN market exists when there are heterogeneous ethanol producers

whose marginal compliance costs are different. If there is only one producer who aggregately produce ethanol



demand function D.(p.), where p is the corn price at time t. The demand function is
decreasing in price. US ethanol demand including both blender’s demand for ethanol in
E10 and consumer’s demand for E85 is taken from Pouliot and Babcock (2014) [INEED THE
NAME OF THE PAPER]. Total U.S. ethanol disappears according to an ethanol usage curve
D.(p<,, Pgt), where p% and pg are the ethanol price and exogenous gasoline price at which
an amount D.(p%,p,) of ethanol is used. Exogenous gasoline price is the ethanol usage
curve shifter. The details of the representative farmer, corn storer and ethanol producer’s

problems are as follows.

Farmer

The farmer bases current year’s planting decisions on next year’s post-harvest expected price
as shown in equation (1). A;;; is acreage harvested in ¢ 4+ 1. A(-) is a concave function of

Ey(pessr), ie., A'(-) > 0 and A”(-) < 0.

Ay = A(Et (pct+1)) (1)

Corn Storer

Equilibrium storage satisfies the following no-arbitrage condition

BEi(pet+1) = Pet + SCi(z441), (2)

and meet the total mandate, there is no RIN market. In this case, the producer can borrow or bank negative

mandate aggregately. Here in the paper we still call it RIN and RINs borrowing and banking to avoid
confusion. RINs are similar to emission permits. For heterogeneous agents, they borrow, bank and trade

emission permits. Aggregately, a social planner bank and borrow emission.



where x;, is the beginning corn stock in time ¢ + 1, which is also the storage decision
made in time ¢, per bushel storage cost of crop 7 is denoted by SC;. The per bushel storage
cost includes a marginal convenience yield which goes to negative infinity when stock level
approaches zero. The disccount factor 5 equals %M where r is the interest rate. Corn storage
is determined by equating expected gains from holding corn to the next period and the cost
of holding it. The expected revenue from holding one bushel of corn to the next period is
the discounted expected price of corn. The cost of holding one bushel of corn is the per
bushel corn price at time ¢ plus the storage cost. If there is positive economic profit from
holding corn, firms and individuals will store it. With more corn stored for ¢ + 1, total corn
consumption decreases in t and total corn supply increases in ¢ + 1. The current corn price
goes up and the expected corn price goes down. When expected gains equals the cost, the
incentive to store corn disappears and a no-arbitrage condition is reached. When stock level
approaches zero, marginal storage cost goes to negative infinity. Thus, the expected gain
can never be less than the cost of holding one unit of stock. This specification of marginal

storage cost eliminates stock-out conditions.

Ethanol Producer

The maximization problem for heterogeneous agents with different compliance costs is ana-
lyzed in McPhail (2010). As proved by Rubin (1996), when trade is allowed, heterogeneous
agents will collectively behave as one facing a mandate who efficiently produce ethanol to
minimize total life time costs of meeting the mandate. The ethanol producer’s problem is
similar to Schennach (2000) and McPhail (2010).

A representative ethanol producer minimizes extra cost of meeting the mandate in
each period, c;(e; —€¢), where ¢(+) is the extra cost function which is the difference between
production cost with and without any policy constraints, c;(-) > 0 and ¢, (-) > 0. & is

the optimal ethanol production without ethanol mandate. The decision variable e; is total



ethanol produced in time t. ¢(-) is also called compliance cost function. The blender can
borrow or bank RINs up to 20% of the next period’s total mandate. Let B; be the beginning
stock of RINs and m; be the mandate in each period ¢. The ethanol produer minimizes life

time compliance cost:

. t _
2}7@?;5 Eo(ci(er — &) (3)
s.t. Biy1 = min(By + e; — my, 0.2my ) (4)
Bt + e — my 2 —0.2mt+1 (5)

where 0.2m;,; is the upper bound of banked RINs and —0.2m;, is the lower bound
of borrowed RINs. Equation (4) says that the carryover By cannot exceed the maximum
carryover allowed at time ¢. Available RINs stock is the sum of RIN stock and RINs generated
less the actual mandate, B; + ¢, —my. If available RINs stock is not greater than the banking
limit, B; + ¢, — m; will be banked. TIf available RINs stock exceeds the banking limit,
only 0.2m;,; can be used in the next period and the rest of the available RINs will expire.
Borrowing constraint (5) says that carryover RIN stock should be greater than —0.2 of next
period’s mandate. RIN stock is a state variable in ethanol producer’s problem.

Let

Vi(By, T) = min > B'Ey(ci(er — &1)). (6)

et,Vt

The Bellman equation for solving the problem with borrowing and banking constraints

is

%(Bh t) == Wzinct(et—gt)+6Et‘/;+1(min(Bt+€t—mt, O.th+1), t+1)+)\t(—O.2mt+1—(Bt+€t—mt)),

(7)
where ); is Karush-Kuhn-Tucker (K.K.T) multiplier. The K.K.T. conditions are:

/ OEV, n(B — 0.2 t+1
(ST Ct(et - €t) + 5 ! t+1(mzn( tr etae e, mt+1)7 i ) — )\t = 07
t

NiBnt)
86,5 “=




)\t . —O.th+1 - (Bt + €t — mt) < O, (—O.th_,_l - (Bt + €t — mt>) . /\t = 0, At > 0. (9)
The envelope condition is

OVi(By, t)
0B,

8EtVt+1(mz'n(Bt + e — my, O.th+1>, t+ 1)
0B,

=

~ (10)

Without RINs borrowing and banking, the ethanol producer has to produce at least
the mandated level in each period. After introducing borrowing and banking provisions,
the ethanol producer can produce less than or more than the mandated level to minimize

the total cost of meeting the obligated volume for all time periods. (8) means that if total

OVi(Bt,t)
(S

ethanol production is not zero then the first part = -

= 0. Ethanol produced, e; cannot
be zero because at least 80% of the mandate has to be met by RINs generated in this period.

Thus the K.K.T condition with respect to e; (8) becomes

/ OFE,V, n(B — 0.2 t+1
er: cler—e)+ Vepr (min(B; + et@e my, 0.2my 1), t+ 1)
t

A =0.  (11)

If the borrowing and banking constraints are not binding, then marginal cost of the
borrowing constraint equals zero (\; = 0) and all available RINs will be banked B, =

By + e; — my. Equation (11) becomes

aEt‘/;H_l (ml’n(Bt + e — my, O.th+1), t+ 1)

C;(et —&)=-p 90 )
t

(12)

and together with equation (10), we have the marginal compliance cost in time ¢ equals

the discounted expected marginal compliance cost in the next period:

ci(er — ) = BE(cpypr(err1 — E141))- (13)

The relationship between marginal compliance cost in t and expected marginal com-

pliance cost in t + n can be derived from equation (13),



clen— &) = B"EulCpin(erin — euyn))- (14)

Equation (14) says that the expected marginal compliance cost increases at interest
rate. If the expected marginal compliance cost increases at a rate greater than interest rate,
ethanol producer would have an incentive to bank RINs. With more ethanol produced and
more RINs banked, current marginal compliance cost increases and expected marginal cost
decreases. No more RINs will be banked until current marginal compliance cost equals the
discounted expected marginal compliance cost. If the expected marginal compliance cost
grows less than interest rate, ethanol producer will borrow RINs from future, resulting in
a decrease in current marginal compliance cost and a rise in expected marginal compliance
cost. An equilibrium is achieved when current marginal compliance cost is equal to the
discounted expected marginal compliance cost.

If the maximum banking limit is reached, \; is zero, min(B; + ¢; — my,0.2my1) =

0.2my,1, and (11) becomes

8EtVt+1(mm(Bt + e — my, 0.2mt+1), t+ 1)
8615

aEtVtH(O-thH)

= 0.
aet

c;(et —&)=—0 =p
(15)
Marginal extra cost is zero only if no extra ethanol needed to be produced, thus we

have

€t = &¢. (16)

In this case, available RIN stock could be greater than the amount banked. Some
extra RIN stock is of no use. Thus RIN price can be bid to zero. The optimal condition
for ethanol production requires that the marginal compliance cost of meeting the mandate

is zero. As shown by (16), ethanol produced is the same as if there is no mandate and no



banking and borrowing of RINs.
When the borrowing constraint is binding at time ¢ , e, — (m; — By) = —0.2my,1,

At > 0. Then we have

ciler —er) = BE/(cra (€1 — &) + Are (17)

Equation (17) says that the expected marginal compliance cost grows less than the
rate of interest, the ethanol producer would have an incentive to borrow negative mandate
from future. However there is a physical constraint restricting the maximum borrowing,
resulting in a binding borrowing constraint.

From the discussions of the constraints, we know that the expected marginal cost
grows with the interest rate whenever the constraints on borrowing and banking are not
binding. The marginal cost grows lower than interest rate when the borrowing constraint

binds. Marginal cost is zero when the negative mandate banking constraint binds.

Marginal compliance cost specification

The expected RIN price is the marginal extra cost of production and we assume
that the marginal extra cost for meeting the mandate is defined as the difference between
marginal cost of producing ethanol and marginal benefit of using ethanol (McPhail (2010)).
The marginal cost of producing an extra gallon of ethanol equals the feedstock cost plus a
constant conversion cost. Corn is assumed to be the feedstock. Let Y, be the net corn use
for producing a gallon of ethanol accounting for byproducts produced per bushel of corn
processed in ethanol production®. Per gallon conversion cost is assumed to be a constant c,.
Assume that the technology for producing ethanol from corn is constant for all time periods,

thus Y, and c. do not change for all . Thus p?f—i-ce is the marginal cost of ethanol production.

3The details of modeling the net corn production for ethanol can be found in Lapan and Moschini (2012)
page 227.

10



With more corn devoted to produce ethanol, corn price rises and the marginal production
cost increases. This specification connects the ethanol market with the corn market. The
marginal benefit of blending ethanol equals the ethanol price p% along the ethanol usage
curve. RIN price equals §* + ¢, — p.

Comparing RIN storage and corn storage

We treat RIN as a storable commodity. Just as storing stabilizes corn prices under
yield uncertainty, RIN storage serves the same function, helping to stabilize ethanol prices
and corn prices under an ethanol mandate in a stochastic world. The carryover of corn
is determined by the no-arbitrage equation that compares the value of storing one unit in
this period and the value of consuming one unit in this period. Without borrowing and
banking constraints, the negative rollover is determined by the no-arbitrage condition that
equates the marginal cost of meeting the mandate in this period to the discounted value of
expected cost of meeting the mandate in the next period. The difference between the use of
corn storage and RIN storage is that corn carry-over can be consumed but the RIN storage
cannot be consumed as ethanol in the next period. RIN stock has an impact on actual
mandate, it plays a role in determining the ethanol production. If the ethanol production
is greater than actual mandate, total ethanol production will still be consumed in ethanol
market equilibrium and the extra generated RINs will be stored for the next period.

Market Equilibrium

The total supply of corn at time ¢ is determined by T'S; = A;y; + z;, where A; is
the acreage harvested at time ¢ which is decided by farmers in aggregate in time t — 1:
Ay = A(E;_1(pt)), where y; is the corn yield at time ¢. Total corn demand is the sum of feed
demand D.(p.), corn for ethanol ;}—* and storage x;,1. Equilibrium conditions are sequences
of quantities {e;, De, Ti11, Asy1}og and prices {pe, Pet}poo such that (i) the quantities solve
the arbitrage conditions for different agents given the sequence of prices, (ii) the corn market

clearing condition is met as shown by equation (18), (iii) and the ethanol market clears

11



through equation (19).

Corn market:

e
Vta A(Et—l(pct>)yt + Ty = DL’(pct) + ?t + Ti41 (18)

Ethanol market:

€ = De(pgta pgt) (19)

3 Calibration

Ethanol usage curve

The ethanol demand curve is taken from Pouliot and Babcock (2014). Their total
ethanol usage curve equals the summation of ethanol demanded in K10 by blenders and
ethanol demanded in E85 by consumers. There is little data for U.S. ethanol demand beyond
the blend wall. So Pouliot and Babcock (2014) use Brazilian data to estimate the consumers
willingness to pay for E85, making the assumption that US consumer preference for E85 is
similar to Brazilian preference for ethanol.

Both the ethanol demand in E10 and E85 depend on the gasoline price. Ethanol in E10
complements gasoline, whereas ethanol in E85 substitutes for gasoline. Suppose the ethanol
demand function of E10 and E85 is given by QL = D!°(pet, pgt), Q2" = D (ks Plyy), Where
Pgts Pet> Pgs and py, are the wholesale gasoline price, wholesale ethanol price, retail E85 price
and retail gasoline price in time ¢. Horizontal summation of the two inverse demand curves
gives rise to the total inverse demand of ethanol. Details of the functional forms is provided
as follows.

To allow the model to be solved at different gasoline prices, both the ethanol demand

in E10 and E85 are approximated using piecewise linear functions:

12



(13 0< % < 0.686777
0 14.2178 — 1.7731% 0.686777 < % < 1.074941
e 18.5193 — 5.7748% 1.074941 < ;’—Zi < 1.145516
\11'9042 % = 1.145516

(20)

The maximum ethanol demanded in E10 is 13 billion gallons to reflect the blend wall.

Let x be the ratio of retail E85 price to retail gasoline price, z = %. With the current

fleet of flex vehicle and new E85 stations, ethanol demand in E85 as a function of price ratio

with no new E85 stations is as follows.

85
Qe =

/

1.7 - 0.85x 0.409 <z < 0.62
3.3810 — 3.55x 0.62 < x < 0.88

1.2268 — 1.11z 0.88 <z < 1.08

\

With 2500 new E85 stations, ethanol demand in ES85 is:

(

QSS —
e

\

Ethanol demand in E&5

85
Qe =

3.22 — 1.5283x 0.409 < z < 0.688
7.308 — 7.47x 0.688 <z < 0.9188
2.4482 — 2.1808x 0.9188 < x < 1.0864
with 5000 new ES85 stations is:

.

4.4633 — 1.6667z 0.409 < z < 0.65

10.2960 — 10.64x 0.65 < x < 0.90

3.7042 — 3.3158z 0.90 < z < 1.09
\

(21)

(22)

(23)

The demand for E85 is quite limited when the price of E85, adjusted on a cost per

mile basis, is higher than E10. But demand becomes quite elastic when E85 prices become

13



competitive with E10. Eventually demand becomes quite inelastic due to limits on the
number of stations that sell E85. The range of E85 quantities where demand is elastic
increases if additional E85 fueling stations become available because the bottleneck limiting
demand for E85 is access to fueling stations not the number of flex vehicles. In this analysis,
it is assumed that E85 contains 75 percent ethanol, the wholesale E85 price is the weighted
average price of ethanol and gasoline, retail E85 ethanol price is $0.75 per gallon higher than
wholesale price and retail gasoline price is $0.75 per gallon higher than the wholesale gasoline

price. (source?)

0.75p¢+0.25pe:40.75
0.75+pgt

substituted into (21), (22), (23). Adding the quantity of ethanol in E10 and E85 using

Thus the price ratio = can also be stated as This value can be

(20), (21), (22), (23). Then we get the inverse ethanol usage function e; = D, (p%, py:) for
each investment with each wholesale gasoline price. The inverse ethanol usage function is
Pl = D (ers pgr).

Wholesale gasoline price

Wholesale gasoline prices are assumed to be log-normally distributed. Mean wholesale
gasoline price in 2014/15 is set to be $2.68/gallon which is the average of RBOB gasoline
futures prices from September 2014 to August 2015 in August 13th 2014. The values of
RBOB gasoline futures prices are taken from CME Group. The RBOB future gasoline price
is falling in the following years and we assume the mean value for 2015/16 is $2.60/gallon
and is $2.50/gallon for all years in the future. The standard deviation is assumed to be 20%

of the mean price.

Mandate

The RFS operates on a calendar-year basis while our model operates on a marketing
year basis. So we assume that the marketing year mandate is one-third of one year and two-
thirds of the next year. Thus the present ethanol mandates (in 10 billion gallons) 2014/15

is 1.48 and fixed at 1.5 for all years after 2014/15.
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RIN stock

The potential carry in of RINs in 2014 is estimated to be 0.997 billion gallons when 2013
yearly mandate is set to be 13.8 billion gallons (Paulson (2014)). Because the marketing year
mandate for 2012/13 is 13.6 billion gallons, the carry-in RIN in 2013/14 is assumed to be 0.2
more than Paulson’s estimate. Then the beginning RIN stock is set to be 1.2 billion gallons
in 2013/14. According to WASDE report in August 2014, 5075 million bushels of corn are
devoted to ethanol production and a bushel of corn yields 2.8 gallons of ethanol. Ethanol yield
from corn is taken from monthly profitability of ethanol by Towa State University!. Thus the
generated ethanol production is 5075%2.8=14.21 billion gallons. The 2013/14 mandate is 14.2
billion gallons. The carryover stock is then calculated as the potential carry-in in 2013/14
plus the generation less the 2013/14 mandate. Carryover stock is 1.2+14.21-14.2=1.408

billion gallons. The beginning stock in 2014/15 is assumed to be 0.1408 10 billion gallons.

Non-ethanol demand

In this study, we use a constant elasticity non-ethanol, non-storage demand function.

a
Pec = a/ll)c2

When producing ethanol from corn, a valuable by-product called DDGS (dry distillers
grains plus solubles) is also produced. DDGS is a close substitute for corn in livestock feed.
If the by-product’s price is proportional to corn, then it is legitimate to assume that less
corn can be used for producing the same amount of ethanol (Lapan and Moschini (2012)).
Here, we assume that the price of DDGS is 91% of the price of corn (Anderson, Anderson
and Sawyer (2010)). 56 lbs of corn (1 bushel) that is processed into ethanol production will
produce 17 Ibs of DDGS. The net corn used for producing 2.8 gallons of ethanol is calculated
as 1 — 0.91 % 17/56. That is, the yield of one bushel of corn is #ﬁn/% = 3.87 gallons

of ethanol. It is assumed that the corn feed demand elasticity is fixed at -0.44 (Adjemian

4http://www.extension.iastate.edu/agdm /refirst.html
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and Smith (2012)). D, includes all non-ethanol use except corn storage. The value of a; in
2014 /15 is calibrated using the average received corn price by farmers and the non-ethanol,
non-storage quantity demanded in August 2014 WASDE report. The non-ethanol use for
corn is calculated by subtracting the net corn use for ethanol from the total use of corn (
Total corn use(without storage) - corn use for ethanol *(1-0.91*17/56) = non-ethanol use).
The positions of demand curves from 2015/16 to 2019/20 are based on USDA’s long term
agriculture projections in February 2014.°From 2012/13 to 2015/16, the values of a; are

different. a; is assumed to be constant after 2015/16.

Corn yield

Corn yield is assumed to be beta-distributed and has a linear trend. US corn yields
from 1970 to 2013 reported by National Agricultural Statistics Service (NASS) of the U.S.
Department of Agriculture are used to estimate the trend. Then we scaled up all the yield
realizations from 1970-2013 to 2013 trend yield levels. Detrended yield data is used for
estimating the parameters of a beta distribution that represents corn yield distribution during
2013/14 marketing year. The estimated corn yield is assumed to have an upper bound
Y. = 200 bushels per acre, lower bound 1y, = 90 bushels per acre. The beta distribution in
2013/14 is beta(7.3766,4.7497). According to the corn yield trend line, the per acre mean
yield value increases by approximately two bushels per year. Thus we assume that the whole
corn yield distribution shifts out two bushels per acre until 2019/20. After 2019/20, assume
that corn yield distribution remains the same as in 2019/20. The calibrated mean yield
values are documented in table 6. Corn yield in 2014 is set to be 167.4 bushels per acre
accordint to August WASDE 2014. Corn yields are impacted mainly by weather, so we

assume that corn yields are independent of gasoline prices.

Other Variable Cost

Per gallon ethanol conversion cost (c.) is assumed to be constant. This cost includes

SUSDA long term projection 2014 can be found here
http://usda.mannlib.cornell.edu/MannUsda/viewStaticPage.do?url=http://usda.mannlib.cornell.edu/usda/ers/94005/. /2
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the cost of natural gas used in the production process and variable costs. We calculate
the non-corn production cost using the Monthly Profitability of Ethanol Production cal-
culator (Mallory et. al. (2012)). The variable costs consists of chemical costs, electricity,

maintenance, etc. The total non-corn production cost is fixed at 50 cents per gallon.

Harvested Acres

Farmers make planting decisions according to the expected corn price. We assume

that harvested acres has a constant elasticity functional form as

A =6E(p.)”. (24)

The elasticity of harvested acres is assumed to be 0.2. This supply elasticity is roughly
consistent with that of Roberts and Schlenker (2010) which is 0.14. §; is determined by the
expected price for 2013/14 and the harvested acres in 2013/14. The per bushel expected
price is represented by the average marketing year’s December futures price in 2013 from
September 1st 2012 to August 31st 2013. The expected price in 2013/14 is $5.68 per bushel.
The harvested acres is 0.877 100 million acres. We have d; = 0.62. We use harvested acres
in August WASDE 2014 to be the real harvested acres in 2014. After 2014, the acreage

decision follows (24).

Storage Cost and Convenience Yield

The storage cost per unit includes per unit observed cost and per unit unobserved
cost. The observed part of the storage cost (OSC) is a constant physical per unit storage
cost paid by the storer. We assume that the observed per bushel storage cost is 3 cents
per bushel per month (Peterson and Tomek (2010)). The yearly observed storage cost is
thus $0.36 per bushel, OSC; = 0.36. One component of unobserved storage cost is the
opportunity cost that increases with stock level when stock levels are large. This is because
holding more stock of one crop decreases the opportunity of holding other more profitable

crops (Paul (1970)). The other unobserved storage cost is the marginal convenience yield.
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The unobserved storage cost should be increasing with stock level and it is negative when
stock level s, is small and positive when stock level is high. Rui and Miranda (1995) uses
a logarithmic function to achieve it. USC; = n; + n2log(sys1) where 1, and 1, are two
parameters needed to be calibrated. We calibrate this USC; to two points. One point has
low ending stock and the other has abundant ending stock in recent years. The chosen low
ending stock point is 2012/13. Both 2008/09 and 2009/10 have high ending stocks. Thus
we use the average of the stock level and the average of unobserved storage cost in those two
years as the other point. We can get unobserved storage cost from the storage no-arbitrage
condition: USC; = BEi(piy1) — pr — OSCy. We collect our data including current price
pi, expected price Ey(pgyq) in 2008/09, 2009/10 and 2012/13. Use average price received
by the farmer in each marketing year from USDA NASS for the current year price. The
average of December corn futures price from September 1st to August 31st is used as the
yearly expected price. The discount factor, (3, is defined as ﬁ where r is the interest
rate. We use the return for 1-year treasury constant maturities as risk free interest rate.
We have n; = —1.65, 7o = —2.8926. It is also assumed that the per bushel storage cost
goes to infinity when approaching the storage capacity 0.4 10 billion bushels. Thus we have

—1.65 — 2.8926l0g(s1+1) 0 < 5441 < 0.4
USCt = .

00 Si11 = 0.4

4 Solution Methods

Corn stock and RIN stock are two state variables in our model. The model solutions are
expected corn price and expected ethanol price functions of two state variables and they
need to meet three conditions: (1) optimal harvested acres by the farmer, (2) corn storage
condition, (3) RIN storage conditions. The collocation method is used to solve the problem.
This method is applied to solve agricultural commodity markets with storage by Miranda
(1997), Peterson and Tomek (2005) and Gouel (2013). Expected prices of corn and ethanol
are first approximated as linear combinations of cubic spline functions of corn stock and

RIN stock. Second, collocation nodes are chosen. The collocation method replaces infinite
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dimensional problem with finite dimensional problem. The approximate solution is solved
when the conditions (1), (2) and (3) are satisfied at only certain points. The certain given
points are collocation nodes. Two shocks (corn yield and gasoline prices) are discretized
using Gaussian quadrature method. In the third step, we need to solve for the coefficients of
the approximated expected prices which allow optimal harvested acreage, corn storage, RIN
storage satisfy conditions (1), (2) and (3). Function iteration is used to solve the coefficients.
First, we guess the values for the unknown coefficients. Second, for each collocation node
and quadrature node, acreage harvested is a known function of approximated expected corn
price. Given this harvested acreage, solve the corn storage and RIN storage no-arbitrage
conditions. Third, we compare the approximated expected prices and the expected prices
generated by the model with our coefficients guesses. Finally, we update the coefficients
until the expected prices are well approximated. The details are provided below.

In our model, we assume for simplicity that non-ethanol demand functions, distribu-
tions of corn yield and gasoline prices remain the same and no new E85 stations will be built
from 2019/20. Thus the corn and RIN storage are stationary from 2019/20. Before 2019/20,
the world is assumed to be changing in each period. The yield distribution shifts out by
two bushels per acre in each period. Non-ethanol demand also changes. We first solve a

stationary world after 2018/19, then solve backwards to the present.

Solve a stationary world

Collocation method is used to replace the infinite dimensional functional problem to a fi-
nite dimensional nonlinear equation problem (Judd 1998). Using collocation method, the
unknown function P is approximated using a linear combination of unknown functions ¢,

®2,... , On, called the basis functions. If there is only one dimension
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P~ Y 605(a) (25)

The coefficients ¢y, co,... , ¢, are determined by letting the approximation satisfy functional
equations at n finite points x1, xs,... , z,, chosen in the space of z, [z, Z]. All possible values
of x should be in [z, Z]. The n points are the collocation nodes.

To apply the method to our two dimensional problem. The expected prices of corn
and ethanol (E'P., EP,) can be represented as two dimensional polynomials of given degrees
of approximation. The approximation of expected corn prices and ethanol prices functions

at each collocation nodes are

ny n2

EPy(x:,B) =) ) crjija®i (2:)05(By) (26)

Jj1=172=1

k= c, e, jl = 1,2, ...ny, jz = 1,2, .., Ny

The steps used to solve for these functions are as follows:

(0) Initial Step:

Select the degrees of approximation in each dimension n;, for ¢ = 1, 2; select the cubic
spline basis functions ¢,..., ¢n,n,; select the collocation nodes z;, B;, for i = 1,2,..n1no,
guess the initial values of c.j,j,,Cejijos J1 = 1,...,71, Jjo = 1,...,n2, where n;, ny are the
selected degrees of approximation in each dimension. We use n; = 30, ny = 10 to show the
results. Then we determine the state spaces for each state variable. Let x lie in the interval
[0, 0.4] in units of 10 billion bushels as the unit and B is chosen in [—0.3, 0.3] with 10 billion
gallons as the unit. n; spline collocation points are chosen to be evenly distributed in each
dimension.

Gaussian quadrature is used to replace the continuous yield and gasoline price dis-
tributions by [;-point and ly-point discrete distributions. The discrete yield values are yy,

Y2, ... , Y, with the associated probabilities wy, for ky = 1,2,...,1;. The values p,1, pgo, ...
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, Dgi, are assumed to be the discrete demand shocks and wy, with ky = 1,2,...,1y are the
corresponding probabilities. We pick 8 quadrature nodes for both the beta distribution and
log-normal distribution. The Matlab codes given in Miranda and Fackler’s book are used to
generate quadrature nodes and the corresponding probabilities.

(1) Solution Step:

Get the total supply (A, k,) for each collocation node (i) and Gaussian quadrature
node (ki, ka). The acreage harvested in  can be written as Ak, = A(Q_5_) D77 Cejujn®in (T:) 5 (Bi)),

so the total supply at each collocation node (z;, B;) given yi, and pg, is

TSiklkg = Z; + Aiklkzylﬂ . (27)

Given the total supply, solve the corn storage arbitrage condition and RIN storage arbitrage
conditions described in (28), (29) and (30) to get corn storage (x;x, ,) and quantity of ethanol
(€ik,k,) at each collocation node i for i = 1,2,...,n1ny and each gaussian quadrature node

]{31 == 1,2, ...,ll, kg - 1,2, ...,12.

€; 1
BEP.(Tikyky Bikiks) — De(T Sikyky — Tikyky — ;’Q) — SC(%igyk,) = 0. (28)
Let
F= 1 (T Sikyky — Tikiyky — eiklk2)+ce— d(e; )
Y, DPe ik1ks ik1ks Y. Pel\Cikikys Pgko
1
—B[VE(Pc(%klkzv Bigyky)) + ce — E(Pe(Tikykys Bikiky)))

with Bikle = mZTL(BZ + Cikiko — TN, 02m),

ik, = —0.2m +m — B;, ' >0
—02m+m — B; < €ijpyp, <02m+m—B;, F=0 (29)

Cikyky, = 0.2m +m — B;, I < 0.
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The nonlinear equation system (28) to (29) can be solved using PAT H Solver®. When-
ever the ethanol consumption binds by e, = 0.2m +m — B;, we need to solve equations
(28) together with equation (30) for the unknowns g, ky, €ikikys

1 €iky ko

_pC<TSik1k2 - xiklkz - Y

v )+ ce — pgil(eilﬂkz?pglm) =0. (30)

(30) says that if the banking constraint binds, we assume that the ethanol production
is the same as there is no borrowing and banking limit and only the maximum level of banked
RIN stock will not be carried to the next period.

(2) Update Step:

update the coefficients ¢.;, ;,,Cejyj, that solve the equation system (31), (32):

5 l2

Cikika \ -
Z Z 0031]2¢J1 ¢J2( ) Z Zwk1wk2pC(TSik1k2 — Likiky — % : ) =1, miny (31)

71=0 j2=0 k1=1 k2=1

Iy
Z Z Cej1]2¢j1 Z; ¢]2 Z Zwklwkzpe ezklkzapgk2> 1= 17 ceey 1IN (32)

J1=0j2=0 k1=1k2=1

(3) Convergence Check:
If | €ejjp—Cejujn |< €aNd | Cejyjp —Cejyjp |< € for all 77, jo and some convergence tolerance
€, Set Cejijo = Cejujo AN Cejijy = Cejyjn; Otherwise set ccj j, = Cejrjp AN Cejjy = Cejyjp for all

J1,J2 and return to step (1).

Solve nonstationary world

Let T=2019/20. In the changing world before 2019/20, we solve for approximated

6Path solver for matlab can be downloaded from http://pages.cs.wisc.edu/~ferris/path.html.
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expected price functions in 7" — 1 when taking T”s expected price forms as given. After
solving approximated expected price functions in 7" — 1, the coefficients for approximated

expected prices can be solved backwards in T'— 2, T' — 3, etc. in the same way.
5 Results

In this section, we simulate distributions of prices of corn, ethanol and RIN under yield and
gasoline price uncertainty from 2014,/15 to 2019,/20 under two scenarios.

In 2014/15, we assume corn yield and acreage are known. We generate 5000 gasoline
prices in 2014/15. 5000 sequences of corn yields together with gasoline prices are drawn from
2015/16. Each corn yield and gasoline price are drawn separately from the beta distribution
and log normal distribution in the given time period. The nth sequence of the uncertain
values or the nth state of world could be written as ((y1a/15.P)14/15)s-» (U1o/20:Pg10/20))- The
probability for the happening of nth sequence is 1/5000.

Given the beginning corn stock (214/15), beginning RIN stock (Bi4/15), acreage har-
vested (A4/15) in 2014/15. If we are in the nth state of world in 2014/15, we can solve for
storage decision in 2014/15 (x15,16), harvest decision in next year (Ajs,16), beginning RIN
stocks in the next period (Bi5/16), quantity of ethanol (e14/15) and corn feed consumption

(T'S1a/15 — eléfe” — Z14/15). Thus all prices are obtained in 2014/15. Starting from all known

values of 2014/15 and if we are in the nth state of the world in 2015/16, first we need to
know the values of all state variables. The beginning corn stock in 2015/16 is 715,16 and the
beginning RIN stock is Bis/16. Then we solve for all values interested in 2015/16 when nth
state happens and all prices are known for 2015/16. The same method is used for solving
the prices in 2016/17. After solving each sequence, we will get distributions of prices in each
period.

Table 1 shows the average model solution for the scenario in which EPA lets the ethanol
mandate increase to 14.4 billion gallons in 2014 and 15 billion gallons in 2015. There is not a

single model solution because the model is solved for a wide range of corn yields and gasoline
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prices. Because this model is solved on a marketing year basis, the mandates that are imposed
on the model solutions are 14.8 billion gallons for the 2014 /15 marketing year, and 15 billion
gallons thereafter. To allow these mandates to be met, 2,500 additional stations that sell
E85 are installed in the 2014/15 marketing year and another 2,500 additional stations are
built in the following marketing year.

The results show that the increased ethanol mandates can be met with the 2,500
additional stations in the first two marketing yeaers through a combination of expanded
ethanol consumption and production and a drawdown in the number of banked RINs. The
first-year drawdown of banked RINs is about 0.44 billion RINs to meet the 14.8 billion gallon
mandate. Thus about 14.36 billion gallons of ethanol are actually consumed. Thereafter,
ethanol production and consumption are much more closely aligned, with the average size
of the RIN bank staying around zero in the following periods. Average corn prices rise
modestly through the projection period. This modest rise hides the actual volatility in the
model solutions caused by yield variability. Harvested corn acreage falls from its high mark
of 83.8 million acres in 2014, stabilizing at an average level of 82.5 million acres. Average
RIN prices are slightly below 55 cents per gallon which implies that ethanol mandates push
average ethanol consumption higher than what market demand would dictate in the absence
of mandates. This level of RIN prices would likely incentivize additional investment in
stations that sell E85 (or E15) which would then results in lower RIN prices.

Average model solutions with reduced mandates and no investment in E85 stations are
shown in Table 2. Corn prices and production are modestly lower due to decreased demand
for ethanol. Average RIN prices are close to zero which implies that the 13 billion gallon
ethanol mandate is largely irrelevant to ethanol production and consumption levels. Because
the average price of RINs is so low, the aveage bank of RINs grows and is used to buffer the
effects of short corn crops. At the end of the projection period the bank of RINs grows to
about 2 billion on average.

The impact of reduced mandates can be measured by comparing the Table 2 results
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Table 1: Average Model Solutions with Increased Mandates™
14/15  15/16  16/17  17/18  18/19  19/20

Ethanol Mandate 14.8 15 15 15 15 15
2,500 2500 0 0 0 0

New E85 Stations

Harvested Acreage 83.80 82.14 82.30 82.47 82.70 82.91
Corn Production 1.40 1.32 1.34 1.36 1.38 1.40
Corn Price 3.86 4.05 4.12 4.18 4.22 4.28
Ending Corn Stocks 1.58 1.53 1.52 1.52 1.53 1.49
Ethanol Demand Price 0.96 1.00 1.02 1.03 1.05 1.06

Ethanol Production 14.36 15.08 15.00 14.97 14.96 14.95

RIN Price 0.5412  0.5436  0.5449 0.5452 0.5452  0.5437

Beginning RIN Stock 1.408 0.969 1.051 1.018 1.003 0.968
*Units are billion gallons for ethanol mandate, ethanol production, and beginning RIN stock;
million acres for harvested acreage $ per bushel for corn prices, $ per gallon for ethanol price

and RIN price; and billion bushels for ending corn stocks and corn production.

Table 2: Table 2. Average Model Solutions with Reduced Mandates™
14/15 15/16 16/17 17/18 18/19 19/20
Ethanol Mandate 13.00 13.00 13.00 13.00 13.00 13.00
New E85 Stations 0.00 0.00 0.00 0.00 0.00 0.00
Harvested Acreage 83.80  81.06 81.25 81.43 81.68 81.91
Corn Production 1.40 1.31 1.32 1.34 1.36 1.38
Corn Price 3.61 3.80 3.87 3.92 3.97 4.02
Ending Corn Stocks 1.58 1.52 1.51 1.52 1.52 1.48

Ethanol Demand Price 1.42 1.48 1.49 1.51 1.52 1.53
Ethanol Production 13.20 13.37 13.27 13.25 13.24 13.23
RIN Price 0.0113 0.0063 0.0064 0.0071 0.0069 0.0083

Beginning RIN Stock  1.408  1.603  1.927 2.026 2.061 2.066
*Units are billion gallons for ethanol mandate, ethanol production, and beginning RIN stock;
million acres for harvested acreage $ per bushel for corn prices, $ per gallon for ethanol price

and RIN price; and billion bushels for ending corn stocks and corn production.
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with the Table 1 results. Both the absolute difference in average results and the percent
difference are shown in Table 3. Corn prices drop about 6 percent from reduced mandates
or about 25 cents per bushel. Corn production drops by about 17 million bushels which is
between 1.2 and 1.3 percent. Ethanol production drops by about 11.5 percent from reduced
mandates. Corn prices would decrease even more from this drop in demand except that the
decrease in corn supply from lower planted acreage boosts average prices a bit.

There are two ways of viewing these results. The rather modest decrease in corn prices
from relaxing the mandates could be viewed as evidence that the agricultural crop sector will
not be too badly hurt from a reduction in mandates. An alternative view is that a reduction
in mandates would not be a panacea for livestock organizations or anti-hunger groups who
want to see corn prices decrease by even more than they have in the last six months. The
very low RIN prices in Table 2 also suggest that corn prices would not move any lower even if
mandates were eliminated, because the mandate is not increasing the production of ethanol.
This result hinges on the assumption that oil companies would continue to find it profitable
to blend inexpensive ethanol with low-octane gasoline to create 87 regular gasoline. In either
case, it is difficult to argue that a change in corn prices provides an over-riding justification
for either reducing mandates or letting them grow because the impacts of a reduction are
modest.

Before concluding it is useful to consider how a reduction in mandates would affect
the distribution of corn prices and RIN prices. One justification for lower mandates is
that mandates can exacerbate corn price spikes caused by short crops. Figure 1 shows the
distribution of corn prices for the 2017/18 marketing year for the two scenarios considered.
The distribution with the increased mandate is shifted to the right, which represents a higher
average corn price, and it is slightly flatter, which indicates a bit more price variability. The
increase in price variability is not greater because of the role that RIN and corn stocks play
in buffering the effects of low corn yields. Corn stocks are drawn down in low yield years as

are RIN buffer stocks. Due to the ability to borrow RINs from future years, the RIN stock
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Table 3: Table 3. Impact of Reduced Ethanol Mandates*

14/15 15/16 16/17 17/18 18/19 19/20
Corn Production 0 -0.017415 -0.01711815 -0.01713816 -0.01702584 -0.01689
0.00% -1.31% -1.28% -1.26% -1.23% -1.21%

Corn Price -0.2557  -0.2545 -0.2573 -0.257 -0.2536 -0.2521
-6.62% -6.28% -6.24% -6.15% -6.01% -5.90%

Ending Corn Stocks -0.008 -0.009 -0.008 -0.008 -0.008 -0.009
-0.51% -0.59% -0.53% -0.53% -0.52% -0.60%

Ethanol Demand Price  (0.4624 0.4712 0.4717 0.4715 0.4726 0.4701
48.17%  46.93% 46.20% 45.59% 45.22% 44.30%

Ethanol Production -1.166 -1.714 -1.731 -1.72 -1.72 -1.719
-8.12%  -11.36% -11.54% -11.49% -11.50% -11.50%

RIN Price -0.5299  -0.5373 -0.5385 -0.5381 -0.5383 -0.5354
97.91%  -98.84% -98.83% -98.70% -98.73% -98.47%

Beginning RIN Stock 0 0.634 0.876 1.008 1.058 1.098

*Units are billion gallons for ethanol production and beginning RIN stock; million acres for
harvested acreage $ per bushel for corn prices, $ per gallon for ethanol price and RIN price;
and billion bushels for ending corn stocks and corn production.

can actually turn negative, further buffering the effects of low corn yields.

Figure 2 shows the two distributions of RIN price solutions in 2017/18. The distri-
bution with reduced mandates shows that 90 percent of the RIN price solutions are less
than one cent. This represents a return to the situation that mostly prevailed between 2008
and 2011 when RIN prices were quite low. If mandates are increased and if 5,000 new E85

stations are built, then about 95 percent of RIN price solutions are between 50 and 80 cents.

6 Policy Implications

The price of corn has fallen dramatically in 2013. For example, the average price
received by corn farmers in March was $7.13 per bushel. The average price received in
October was $4.49 per bushel, a drop of 37 percent. Corn prices have not been this low since
October of 2010. Barring another short crop in 2014, corn prices are unlikely to return to

recent high levels and could drop further if growing season weather is favorable. In contrast
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to the large swings we have seen in corn prices, the results presented here indicate that
EPA’s mandate decisions for 2014 and 2015 will impact corn prices by about 8 cents per
bushel. The impacts of corn prices for 2015 and 2016 is about 22 cents, or by between 5 and
6 percent. This relatively modest impact suggests that whether ethanol mandates should
be reduced to levels that can be easily met with 10 percent blends or increased above those
levels should be determined by factors other than the impact on corn prices.

An EPA decision to reduce ethanol mandates in 2014 and 2015 would send a strong
signal to car companies to reduce the production of flex vehicles, and to investors to not invest
in high-ethanol-blend fueling stations or in next-generation plants that convert cellulosic
material to ethanol. It likely also sends a negative signal to investors in biofuel plants that
can convert cellulosic material to non-ethanol biofuels, such as synthetic diesel or gasoline. It
might not seem that an EPA decision to decrease support for ethanol would imply a decrease
in support for these “drop-in” fuels because they can be easily integrated into existing fuel
channels. But the cost of constructing plants that can produce drop in fuels is high. High
investment costs imply high risk. A reduction in public policy support for ethanol would
only increase the perceived risk that in the future EPA would also reduce its support for
other biofuels.

Two stated objectives of the RFS are to reduce greenhouse gas emissions and to reduce
petroleum imports. Economists are nearly unanimous that the best way to cut emissions is
with a carbon tax because the cost of reducing emissions is minimized when a tax is applied
equally to all emission sources. Similarly, the most efficient way or reducing oil imports is
to tax imports. But politicians rarely agree with economists’ prescriptions so second-best
policy instruments such as the RFS that only apply to liquid transportation fuels to meet
policy objectives are utilized.

RFS mandates stimulate biofuel production which substitutes for petroleum, a large
part of which is imported. And almost all the growth in future mandates are for advanced

biofuels which lower greenhouse gas emissions much more than conventional biofuels. Thus
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the RF'S, however inefficiently, will meet its stated objectives.

The question facing EPA and Congress is whether the costs of maintaining support
for biofuels through the RFS are too high for the benefits that are obtained. If the costs
are too great or if a more efficient policy is available, then this should be communicated as
quickly as possible. The sooner that a decision to withdraw support for biofuels is made, the
better, as this will allow investment dollars to be redirected to more profitable enterprises.
However, if a withdrawal of support for biofuels is not forthcoming, then an EPA decision
to set mandates at levels that can be easily met sends exactly the wrong signal to investors
because without investment, increased consumption of biofuels will never occur. This policy

consideration should be of upmost importance, not the price of corn.
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Appendix

Table 5: Parameter values in 2014/15

parameter value source or explanation
ethanol yield 2.8 Monthly Profitability of Ethanol
Production by Iowa State
University
DDGS yield 17/56
DDGS price 91% of corn price Anderson, Anderson and
Saweyer(2008)
other ethanol production 50 cents Monthly Profitability of Ethanol
cost ¢, Production by Iowa State
University
constant storage cost per 36 cents Peterson and Tomek(2005)
bushel per year within
capacity
beginning corn stock 0.1181 10 million bushels May 2014 WASDE Report
beginning RIN stock 0.1408 10 billion gallon Calculated
non-ethanol demand -0.44 Adjemian and Smith (2012)
elasticity
supply elasticity 0.2 Roberts and Schlenker (2012)
Increased a little bit
supply factor 0.62 Chicago board of trade

gasoline price distribution log normal(0.9185,0.2722)  fit yield data from USDA from
1970 to 2012

Table 6: Parameters in other years

parameters 14/15 15/16 16/17 17/18 18/19 19/20 Source
demand factor(ay)  3.95 3.45 3.62 3.81 4.07 4.36 USDA
mean yield 165.3 160.94 162.94 164.94 166.94 168.94 trend line value
except 14/15
mean gasoline price  2.68 2.6 2.5 2.5 2.5 2.5 RBOB gasoline
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