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Testing for Speculative Behavior in US Corn Ethanol | nvestments

1. Introduction

US corn ethanol industry saw remarkable growthrdp#000s. The installed
capacity increased from 1.7 billion gallons in 19893 billion gallons in 2009 (figure
1).! The installed capacity increased steadily dugdaing (mandated) demand, initially
due to low corn prices, and subsequently due togisrude oil prices which resulted in
higher ethanol profitability. Not withstanding tleefactors, the idled capacity jumped up
in 2008-09 reaching as high as 3.2 billion gallon26% of the installed capacity due to
rapid expansion in the installed capacity coupléti & sudden contraction of crude oil
prices. The widespread expansion of installed agapdaring 2004-08 followed by a
large scale idling in 2008-09 raise two importanéstions about ethanol industry:
whether the speculative pricing of crude oil cdnited to speculative capacity addition
in US corn ethanol industry? If so, how much oftihatalled capacity was actually
warranted by the market factors and how much cbeldttributed to speculative
investment?

To answer these questions, the presence of speeutaibbles in corn ethanol
investments must be checked. If a speculative leNvbre present at industry level, the
installed capacity may be divided into two compdse() installed capacity that can be
supported bynarket fundamentals, i.e. based on factors such as expected crugbeicds,
corn input prices, processing costs and governswgport; and (ii) installed capacity
that may be unwarranted by the market factors snpaisystematic explosive pattern
termed aspeculative bubble (Flood and Garber, 1980).

The speculative bubble considered here with redpemirn ethanol investment
differs from speculation in crude oil prices. Thtady assumes speculation in crude oil
prices pre-existed over the past decade (Ecka08, 2amilton, 2009). Moreover,
relative differences in the size of crude oil atfthaeol markets is such that ethanol prices
did not have the ability to influence crude oilgas. Even if a speculative pricing bubble
in crude oil prices did not exist, it would alreduoky reflected in the market prices of
ethanol because they are linked to crude oil ptiees®d on energy content. Therefore,
crude oil price speculation is not the focus o $tudy. It is speculative behavior with
regard to added capacity of ethanol industry —ighatfected by crude oil prices and of
interest in this studyThe main objectives of this paper are to tesafat quantify
speculative activity in corn ethanol investment.

This paper uses a rational expectations model (patfect foresight) to study a
system of supply, demand, inventory and price etgtens for ethanol (Muth, 1961).
Rational prices predicted using this system hetprd@ne the capacity of corn ethanol
plants supported solely by market fundamental factlternatively, the price
expectation can be modified to include new varialiich can potentially capture any
speculative activity that underlay ethanol industisestments. These new variables are

! with an average capacity utilization (definedtss tatio of actual production to installed capgoaitly
84%. The average capacity utilization reached b bf3% in 2004, but has been declining steatfily.
2008, it reached an all time low of 74%

2 The ethanol industry may have expanded on theogajien (or speculation) that favorable market
conditions — high crude oil prices, low corn (inppitices or both — would last very long in the fietu
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computed based on the demand and supply parantateugh cross equation restrictions
as suggested in Flood and Garber (1980) and Saf@8it).

The speculative component, if any, is specifiethagifference between capacity
warranted by the market fundamentals and actutdlied capacity. Testing for this
residual speculative portion is an essential siggstimate speculative investment in corn
ethanol industry. Flood and Garber suggested tigaetcould be evidence for speculative
behavior when either of the following two conditsoare possible: 1) either the estimated
coefficient associated with the new variable isistigally significant or 2) the new
installed capacity attributed to speculative inrestt depicts a nonstationary (actually,
explosive time series) pattern. Section 2 contéieature review on speculative
bubbles, ways to apply it to ethanol investments @sonometric estimation issues.
Section 3 proposes three alternative approachtestdor speculation which also provide
a means to compare results from different procefure

Figure 1: Growth in US corn ethanol industry
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2. Literature Review:

A substantial rise and fall in prices (or unusudiigh volumes of trading by
speculators) usually raises the suspicion of spéiwel behavior. Such speculative
bubbles are often linked with booms and bustsankst prices, financial asset prices, and
exchange rates (Hong, et al., 2006; Wu, 1997). Asremmmodities, speculative bubbles
are frequently associated with crude oil pricese T% Senate staff report (2006) found
evidence for speculation in energy commodities i-2000s; other studies have also
argued that the dramatic rise and fall in crudepondes during 2008-09 might have
speculative components (Eckaus, 2008; Hamilton9R0lhese studies, among others,
present evidence for speculative activity in cradericing, but their impact on corn
ethanol investment is unknown.

% Detailed empirical results are available from aush
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There is evidence that volatility and price movetaapilled over from crude oil
to agricultural commodities markets. Recently, Bual. (2009) found that crude oil price
volatility spilled over into corn price volatilitggue to ‘tighter interconnection’ between
energy and feedgrains markets with the large seeof corn for ethanol production in
the US. They also showed that there was a spegeiledimponent in crude oil pricing
behavior. (Harri, et al., 2009) found weak evidefardong run cointegrating price
relationships between crude oil prices, exchanggsand corn prices. Although these are
pieces of evidence for crude oil price volatilifyilsng over to agricultural markets, Irwin
et al (2009) argued that there was no speculati@giicultural commodities independent
of crude oil markets. They suggested that priceen@nts in agricultural commodities
were simply a response to crude oil price movemandsnot a speculative behavior
themselves. The implication of their results ig tgricultural commodity prices were
affected by crude oil prices, possibly includingrcethanol prices, but not vice-versa.
Hence, crude oil prices will be one of the mairntdes to differentiate the investment
arising out of speculative behavior from that supgub by the market fundamentals. To
incorporate the impacts of crude olil prices, a §uppmand model of corn ethanol is
required.

Irrespective of the asset type (financial or phgisassets), reliable models are
necessary to explain the pricing patterns (Brookskatsaris, 2003; Hassan and Suk-Yu,
2007). The methods used to test for speculativéleshbn financial assets are not directly
applicable to test for speculative investment mphysical assets such as ethanol plants,
because the installed capacity did not rise anlé$ait happened in financial asset or
crude oil prices. In the context of physical assetsh as corn ethanol plants, a supply-
demand model that can explain ethanol price expentaand tie those expectations with
the installed capacity can prove useful. Consedyéfiith’s rational expectations model
on explaining price movements in commodities camesas the required useful model in
this analysis.

Rational expectations theory is frequently assediatith the identification of
speculative behavior (Blanchard, 1979). Muth’s @3&minal paper on rational
expectations and price movements deals with sylsteam for commodities. It also
discusses how commodity markets can result in $pioel behavior when storage is
possible. To study possible speculative investrreathanol industry, his model has to
be used in conjunction with other procedures. Tipeseedures include econometric
testing for speculation using tests such as bytgmium tests, and cointegration tests
(Brooks and Katsaris, 2003; Hassan and Suk-Yu, a0 bubble premium tests can be
reinterpreted as the study of idled capacity irmeth industry; the cointegration tests can
be reinterpreted as the study of long run relatignbetween idled ethanol capacity and
crude oil prices. Irrespective of the method, Matimodel remains fundamental to all
types of testing conducted in this study.

Muth’s model presents a system of equations formodity supply, demand,
inventory changes and price movements predictetyuational expectations. The
rational prices for the commaodity is proved to seaond order difference equation (see
equation(ll) below). Sargent showed that solving such a secohet difference equation
introduced two new variables. (Flood and Garbe80)@roposed that such variables and
associated parameter estimates can provide infmmabout the speculative behavior in
pricing pattern; their illustration was based ostiteg for speculative behavior in money
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supply and inflation. Flood and Garber employedsmequation restrictions to estimate
these new variables. This study employs similaric®ns in the context of Muth’s
commodity pricing model applied to ethanol suppigd @emand systems. These
restrictions are explained in detail in Sargen8{1)9

The methodological novelty of this study is thatatnbines the tests proposed by
(Flood and Garber, 1980) with Muth’s model for coathty pricing pattern and test for
speculation in corn ethanol investments. If theaxested coefficients associated with
these variables are significant, then it may sasran evidence for speculative
investments in corn ethanol industry. This studgsusultivariate GARCH estimation
technigue to estimate the system of ethanol sugglgand-inventory, to account for the
heteroskedastic volatility in crude oil prices athanol prices. The econometric
implementation of this procedure can be difficildthuse one of the new variables is
explosive (i.e. its value approaches infinity otrere) as a regressor. This problem is
described below along with two alternative methtb@dd can overcome the problem.

The basic method adopted in this study uses a c@tibn of approaches
advanced in Muth (mathematical derivations in Sat)jgend Flood and Garber. Starting
with the system of demand-supply-inventory equatithris study derives price
expectations for ethanol based on rationality (easitrationality). Sargent shows that
such an equation introduces two new variablesemtite expectations equation for
ethanol. These two variables agtandi,', wherek; and ; are roots of the characteristic
equation associated with the second order differeguation; t indicates time period. As
Muth states, one of the roots will be less thartyunivalue (p 326). Sargent shows that
these roots will be real and inverse of each dfiherk; = 1/1;). Without loss of
generality, assume thag]| <1 and},| >1 with the associated parameteramd ¢. As
t->o0, one root vanishes 4g' > 0 as t> «, since}1|<1) and the other root ' > o«
as t-> oo, since},|>1) approaches infinity. Muth restricts bothand ¢ to zeroes to
avoid any explosive behavior in price expectatidg, the Flood and Garber approach
suggests thatanay be estimated and tested for significance.rTrhethod is
implemented by including the two new variables)d] and [e 1,'] as part of the
estimation procedure. As shown beldwand,are dependent on supply-demand
system parameters and implemented as cross equesimictions. If the estimated
coefficient for ¢ is statistically significant, then it is a probal@vidence for speculative
price expectation within ethanol industry which kkbbbave affected ethanol investments.
The difficulty with this procedure is in estimatiogreliably becausg,' explodes over
time.

Alternative M ethods:

An alternative technique to overcome estimating ¢o test the idled capacity of
ethanol plants. Modeling the installed or idledafy in conjunction with ethanol prices
under rational expectations can provide a badissiofor speculative investment in corn
ethanol plants. This is similar to testing for degration between idled capacity and
ethanol (crude oil) prices. Another method thatroemes estimation problems is a slight
variant of the basic method. First, the coefficsenft new variables (@nd ¢) are
suppressed to zero as done by Muth. Next, priceaapons are estimated based purely
on market fundamentals; omitting the possible slagicin on ethanol prices. Finally, this
price equation is used to predict the capacitywwatld have been supported by market
fundamentals. Subtracting the predicted ethan@agpfrom actual installed capacity
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defines the speculative component. The resultard@ssean then be tested for stationarity.
If it is nonstationary or if there is a patternttparsists over time, it can be taken as an
evidence for speculative behavior in corn ethandustry.

3. Modd A

The Muth’s model which is considered as basic sdbed below. The exposition
closely follows Sargent (1987).

Ethanol Demand:
Let the demand for ethanol be

() G=-BPR+D

C: = monthly demand for corn ethanol at time t (railligallons)

P, = actual market price of ethanol ($/gallon)

D; = other factors that affect demand (growth in gperse, GDP, etc)
B>0

There is an extra term;@hich is the only variation in this model compatedargent.

Ethanol Supply:
Let the supply for ethanol be

@) Yi=yP+ X

Y = monthly supply of corn ethanol at time t (miHigallons)
P. = price expectation of ethanol
Xi= factors that affect supply (installed capacityuts, processing technology)

Inventory:
Let the inventory maintained for ethanol be

@) k=a (Pt+1 - R)

I; = Demand from inventory
a > 0, depends on the variance of ethanol prices

Mar ket Clearing Condition:
@) Yi=CG+ (k= la)

Substituting(), (2) and(3) in (4) gives
@ yP+X=-BP+D+0aPu1—R)—a P —Ry)

Muth assumed perfect foresight rational expectatiarich yielded; = R, (an alternate
assumption could be to use quasi-rational expectsatind replac® with a functional
representation that includeg.P
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SubstitutingP, = R, in (5)
0B X;—-D=—BpP+a(Psa—R) —a(R—Ry)-YR

Or

(NaPsr—[(20+B+Y)] Pt oaPa=Xi— D

Or

@) Pa1—@P+Ra=(Xi— D) /a, wherep= (20 +B+y)/ o=@ +y)/ a+2

Stepping back by one period,
@) B—@Pa+ aPo= (Xe1— D) /a

This is the second order difference equation:

(D) L-@pL+L)P=Xu—Du)la where L = lag operator
Factoring the polynomial in lags in LHS:

() (=L + LY =(1-AL) (1 —=Aol) =1 — Qu+Ap) L+ 2k, L2
Equating coefficients dfl) with (I0), we get

(12) Mtr)=@=@B+Yy)/a+2

('3) 7\.17\.2 =1-> 7\.1 = 1/)\,2
(note that if one root is less than unity, the othidl be greater than unity)

Substitutingls) in (10):
('4) (1 —7\.1L) (1 —7\.2|_) Pt: (Xt—l - D[]_) [a

Or
|5 Pt [1/((1 (1 —}\.1L) (1 7»2'.))] (Xt 1— D 1) +C }\.1 + G }\.2

(B) P=a [(1 ML) (1 —2oL)] ™ (Ker — Dra) + A’ + G A

where gand ¢ are two arbitrary constants. Without loss of gahigt, assume}| < 1

and )| > 1.1f the coefficient g(corresponding tay) is statistically significant, then we
may conclude that there was speculative behaviethianol industry. The lag terms in
(15) are substituted with their standard expressamfollowing (See Sargent, page 199):

Sincels # Ay, the term [(1 -Aal) (1 —A2L)]™ in (IB) can be replaced by the following term
(Sargent, page 184)

(I7) [(2 =2al) (1 =AoL)] = =oememeeeees [-rommme e ]
(1 —2) (1-Al) (1-22L)
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Substituting17) in (16):

18) P = o [1/(h —A9)] [A/(L- ML) — A/ (1- 2oL)] (X ta — Dra) + LA + G A
=A+B+aM'+ oA

Where A = it A/(0 —A2)] [1/(1- AL)] (X1 — Dr1)

= [0 10a =22)] 21X A’ (Xei — D)

and

B = [a™ Ao/ (A —22)] [1/(1-A2L)] (X1 — Dra)

= [0 Aa/(M = 22)] (= 1) [(ol) /(1- A2 'L )] (X — Dra)

= — [0 A Y = 22)] ML Y21- 2L ™] (X1 — Dra)

= — [0 /(= 22)] [L Y114 (X1 — Do)

=~ [0 [ —22)] [1/1- L] (X¢ - D)

= — 0" [ =22)] i=0X” A (Xisi — Disi)

Substituting the expressions for A and B in (18)

P= [0 (= 22)] =X A (Xei = D) = (=1) B/ = 29)] 102" A1’ (Xesi = D) + G 2" + G A

= [0 /0 = 22)] =X M’ (Kei = D) + [@™ 10 =22)] im0 M (Xewi — Duei) + G 0" + G g

= [0 /(A =22)] 1=y M (Xei = D) + G ' + o

Flood and Garber (1981) suggested autoregressioegses (of xand Q) to

approximate the infinite summation in the aboveregpion. This method could capture

the economic ‘process’ that connects supply andadenparameters with the price

expectation. The order of the autoregressive psoiseshosen based on the time series

properties of Xand 0. Upon finalizing a functional form for the firgrm in the above

expression, £(associated with}| >1) can be estimated and if it is statistically

significant, then we may conclude there was sp#&gelaroduction. The systems

estimation procedure available with Eviews softwaae be used to estimate supply-

demand-inventory-price expectations equations.eSuatatility clustering (a form of

heteroskedasticity) prevalent in crude oil pricgdisover to ethanol prices as well, the

proposed systems estimation could be done usinfji{vaniate) GARCH estimation

procedure. More importantly, the restrictidti$and(l) are imposed as part of the
estimation procedure.
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MAA=A+1A=0@
i.e.
M—pr+1=0>

A= [o- (Vo™-4))2
OR

A= o+ (NgP-4))/2

where
Boe=@E+y/ a+2

Note that the roots; andi, are dependent on parameters that affect supplyaménd
elasticities ¢, B, y). This model helps analyze whether ethanol markitsand and
supply) can be fully explained using market fundataks such as the prices of ethanol,
crude oil and government mandates or is there soregplained speculative behavior
captured by £ After estimationprices can be forecast based on the estimated equation
by suppressing;@nd ¢ (i.e. price estimated after removing the specutatiemand
arising from inventory). Plugging the forecast prin the supply equation (2), we can
predict what the supply (not the installed capaceitguld have been in the absence of
speculation. The impact of speculation on ethamdlistry’s installed capacity can be
included with the above system by including anotiegration that connects price
expectation with the installed capacity (model B).

M odel B:

Assume that Qs the cumulative demand for corn ethanol plasay,(number of plants
or name-plate capacity) at time t. Let it dependh@nexisting capacity (Q) and future
anticipated demand (denoted by the functidh.E(X;) whereP..,is the expected price of
ethanol in period t+1) with the weights bethd <6 < 1.

i.e.

B)  Q@=060Qu+ (1-0) FPuy; Xo);

Rearranging using the lag operator:
(B2) (1-6L) Qc = (1-6) F(Pus1; Xy)

Or

(B3) Q= (1-6L) ™ (1-0) F(Prus; Xy)

Let the supply of ethanol be

(B4) S =Q Q + G(P,) whereQ = average capacity utilization of corn ethanohpdeand
G(.) is the ethanol price expectation for perio@ waried from 0.73 t0 0.93; & > 1,
then the ethanol plants are operated above the-pateecapacity.

SubstituteB3) in (B4):
(B5) S =Q (1-6L)™ (1-0) FPu1; Xo) + GP)
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Since, (1) is constant iffBa), it can be written as:
(B6) S =Q (1-0) (1-6L) ™" F(Pus; Xo) + G(Py)

Under rational expectations model under perfecdight to predict ethanol prices
(similar to above model), this becomes
(B7) S =€ (1-6) (1-6L) " F(R+1; X)) + G(R)

Multiplying and dividing the first term it87) by [ @ L)™]:
S=Q(1-0) [- O L)Y= O L) (1-0L) " F(Rus; X + G(R)
=Q ((6-1)/ ) [1/(1-07LH] [L7] F(Pu; Xo) + G(R)

= Q ((0-1)/0) [1/(1-0'L™Y)] F(Paz; Xo) + G(R)

Sinced < 1,07 > 1,

=Q ((0-1)/0) (-1)i=1Y" 0" L F(Ruz; X) + G(R) + 6"

where g is an arbitrary constant; if evere statistically significant, then it would
correspond to speculative productianaso note that™ explodes as® «, if 0 <0 < 1

= Q ((140)/ 0) i=1Y” 0" L' F(Ruz; X1) + G(R) + 30
=Q ((1-0)/ ) =17 07 F(Paoi; Xei) + G(R) + 30"

Although this is a forward-looking solution, it cae approximated using an auto-
regressive process of the function F(.) and fadtmasaffect supply G(.), as suggested by
Flood and Garber.

Summary:

Crude oil price speculation could have increassthlfed capacity in corn ethanol plants
beyond what was warranted by the market factors.afiove discussion proposed using
Muth’s commaodity pricing model and Flood and Gatbéessts to test for speculative
investment in US corn ethanol industry. The ethamiges predicted using rational
expectations (perfect foresight) are used to difiéate the installed capacity into two:
capacity supported by the market fundamentals laaddpacity that is installed based on
speculation. The econometric estimation procedamesfunctional form approximations
discussed above will be implemented using monthtg d/om 1999-2009 to test for
possible speculative behavior in ethanol industhe empirical results are available with
the authors.
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