ABSTRACT

TSANG, CHI CHUN STEVE Three Essays on the Market Effects of LEghanol Policies.
(Under the direction dDr. Walter N. Thurmar)

Government interventiaare the principal drivers behind the expansion of U.S.
ethanol and biofuel industry. Ehprovides one with an opportunity to explore the economic
consequences resulting from these policies and regulations. Three related policy issues
concerning ethanol are examiraud exploredn this dissertation.

The interrelationships among motor fuahd agricultural markets ammalyzedin
Chapter 1 The analysis is focused on the effects that federal policies have on market prices
given that agricultural commodity can be recycled back to the market after being utilized as
biofuel feedstock.The ttreoretical results show that when a fedddahdingsubsidy is the
only policy, distillers grains (DG), or the gqooduct of éhanol production, mitigatesubsidy
effect on prices of all relevant markets. The magnitude of improvement in efficiency hinges
on DG's conversion rate from corn an®nthe de
the other hand, if Alendingsubsidy is paed with a bindingblendingmandate, some of the
potential recovery in efficiency diminishes. Moreover, prices of retenearkets are more
susceptible to price volatilitynder a binding regime

Given the large fluctuation in recent prices of ethanol renewable identification
numbers (RIN), the determinantsaihanolRIN price arethoroughlyinvestigated irChapter
2. Both static analytical and empirical results suppitie notion thatstringency of the
federal blending mandaie the most critical determinant of ethanol RIN price. rédwoer,
geographical discrepanay blending margin and regional demand shifters a@ gi®wn to
influence ethanol RIN price. This finding suggests that the fundamental drivers in regional

motor fuel markets can still be effective in a sample period filled with policy uncertainty.



The dynamic analysis implies that while accumulating eth&IN is risky compared to
investments that eperate payoffs based onarket interest rates, the reward or potential
savings in compliance cost is alsabstantial.

Empirical evidences that explain the heterogenaity spatial price linkagemmong
regioral blending markets aggrovided in Chapter.3First, the possible factorgnd policies
that influenceethanolpricesat the state levedre identified and empirically assessethe
results from static panel analysis indicate that fundamental factohs asuthe share of
branded ethanol price, the perceived octane value of ethanol, corn price, and the number of
ethanol plants all appear to influence state ethanol prices in varying degheesesults also
suggest that the federal blending mandate thadeid vapor pressure (RVP) program play
large and consistent roles in determining state ethanol prices. Selendeterminants
influencing the cointegration amorgjate ethanol prices are analyzeBmpirical results
suggestthat the price linkages amug state ethanol marketse negatively influenced by
stringency of the federal mandate. Furthermore, tlagmearsto be enough empoal
evidences that the dispariin market characteristics among states play a large role in
facilitating trades and eahncing the overall degree of price cointegration.

The common theme throughout the dissertation isetfexts of ethanol polices and
regulations on market prices. Thealytical and empiricalesultsfrom the three chapters
provide supporthat ethanl policies and regulations affect market psie¢ both aggregate
and more disaggregated level$hese findings have potentially important implicatidos

the welfare analysis @thanolpolicies and environmental regulations
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CHAPTER 1

Inter-Relationships among Motor Fuel and Agricultural Markets: The Effect of

Ethanol Policies on Market Prices

1.1 Introduction

The explosive growth of the U.S. fuel ethanol industry since 2005 has generated wide
interes among agricultural economists on the possible economic outcomes of -tpsngn
event. One research area that captures a lot of the focus is the impact that U.S. ethanol
policies have on the prices of relevant markets and on the welfare of the ecmamsole.
This is unsurprising since government policies, which consist mainly of different price
policies and a volumetric blending mandate, are the main drivers behind the expansion of the
U.S. ethanol industry. Moreover, researchers from this imesearch seek to respond to the
popular question that is probably in the back of the minds of many among the public: Who
are the winners and | osers behind the gover
dependence on foreign petroleum, reduagngenhouse gas emission, and developing new
markets for agricultural products?

Although past research offers several directions for one to examine the impacts of
ethanol policies, one thing that has been largely overlooked is the role thatgredad of
ethanol production, distillers grains (DG), plays in the economy. This is rather surprising
given that (i) DG production has beerpanding at a substantial rafg; DG has become an

important source of ingredients in the rations that livestoddymers use to feed their



livestock; and (iii) the ethanol industry is shifting subdtahresources on marketing and
further developindG". Altogether, it is clear that the ethanol industry no longer views DG
simply as a byproduct of ethanol productio

As Hgure 1.1 illustrates, while the use of corn as animal feed has been steadily
decreasing since 2005, the use of corn as ethanol feedstock has been substantially growing in
the same time frame. In fact, the 2010 marketing year marks the firsthahethanol
feedstock surpasses corn feed as the primary employment of corn. During the same time
frame, the production of corn has been gradually expanding while the production of DG has
been significantly rising. In fact, the data show that the pramutgvel of DG is equivalent
to approximately 10% of corn production. Since DG is really corn without starch, a natural
guestion arises as to whether or not DG can be used as a substitute for corn feed.

Figurel.2 shows that almost the entire supplhyD&s has been used to displace some
percentage of corn feed and corn export. Data from 2010 show that DG displaced close to
20% of corn feed and 15% of corn export. The main motive for livestock feeders to
substitute away from corn feed using O& the lower price of DG. As gure 1.3

demonstrates, except for the late fall and winter months prior t’,20@9price of distillers

! Other than stabilizing and improving the nutritional quality of DG, ethanol producers have devoted substantial
resources on devegding technologies that will diversify the use of DG, which mainly comprised of further
utilization of DG as feedstock for the production of corn ethanol, biodiesel, and cellulosic ethanol (Distillers
Grain: Production and Markets, 2011).

% Prior to 2009,DG price had a strong tendency to approach or surpass the value of corn in the late fall and
winter months. As noted in Wisner (2011), since cold weather extends the storage time of DG, the demand of
DG in these months was generally greater because eaelivered to farther livestock sites. As marketing
channels and production of DG continued expanding, the price of DG has been consistently below that of corn
since 2009.



dried graind (DDG) has been around 70 to 90 percent of corn prices. In fact, the per bushel
price of DDG has been consistigrbelow 80 percent of the market value of a bushel of corn

in the first half of 2011. The high correlation in the price movement of corn &@& D
suggests that DG is being used as a substitute for corn feed in ration. Thus, the presence of
DG has cleayl offered feeders an alternative source to slash cost.

A further examination of data suggests that DG has been, to some extent, affecting
the feed costs of livestock producers. Figlre shows that total cattle feed costs dropped
between 2008 and 2010n fact, total feed costs almost dropped to #nel prior to the
ethanol and B boom. The dramatic increase in total feed costs from 2005 to 2007 may be
attributed to the fact that livestock producers faced higher feed costs as a result of the
increagd competition for grains created by ethanol demand. As Fighrélustrates, the
hike in corn price begins sometime in 2006. However, as better marketing practices of DG
emerged and more field trials confirmed the effectiveness of DG substitutinghéargrain
feeds, livestock producers have adapted to incorporate more DG into their rations. As a
result, the increased availability of DG appears to have mitigated the impact of higher corn
prices.

The existence of the garoduct from ethanol complicag the impact thagovernment
ethanol policies haven prices in relevant markets. In theory, higher ethanol demand
induced by government policies should increase the prices of corn and other grains while, to

some extent, lowering the price of motor fuelOn the other hand, lower price and

% There are three types of D@istillers dried grain(DDG, 10% moisture), mafled wet distillers grain
(MWDG, 50% moisture), and wet distillers graWDG, 70%). Since the latter two types are more difficult to
transport and store, livestock producers usually prefer Dfx3ey are not within 100 miles from th ethanol
plants The can be illustrated by the fact that DDG holds around 70 peffciuet market share in DG market.



availability of the ethanol cproduct presents an opportunity for livestock producers to
mitigate their increased feed costs. In turn, the lowered prices of grain feeds consequential to
the utilization of DG should & some influence on the prices of corn, ethanol, gasoline,
motor fuel, and meat.

This brings one to the set of questions that this paper seeks to answer. What is the
overall impact of ethanol policies on the price levels of relevant markets? Whitle of
policies impact the market more than the others? Have prices of associated markets grown
more volatile over time since the introduction of ethanol policies? If so, how much more
volatile have they become with the availability of DG?

The paper is ianized as follows. Section Lr@views past literature related to the
issues resed in this paper. Section le3tablishes the theoretical frameworks and presents
the comparative static results that can be used to quantity the effects of ethanes polici
prices ¢ different markets. Section 1.presents the empirical results wittxternal
calibration. Section 1.8oncludes.

1.2 Literature Review

A good place to start in surveying the development of economic analysis of ethanol
policiesis Gardar * s wor ki nY Hetackles the issne oRwhéHer or not farmers
would prefer a direct subsidy on corn production rather than a subsidy on ethanol production
by developing a vertical market model of ethanol, DG, and corn. To keep things, dimple
assumes that corn and DG are perfect substitutes in his analytical general equilibrium

framework, or multmarket equilibrium model. As expected, without considering the

* Reprinted in Journal of Agricultural & Food Industrial Organization, 2007.



lobbying gains from ethanol policies, farmers would gain more from a direatigudyscorn
production than ethanol subsidy under most of the empirical values of the relevant
parameters, mainly the demand and supply elasticities. However, this result is overturned
when industrial corn demand derived from ethanol is more elastichkatiemand of corn
used for other purposes. The logic behind this is that ethanol subsidy would induce buyers to
shift from the more price sensitive market to the less price sensitive market. In this case,
corn price would rise more in the price sensitmarket than it would fall in the less price
sensitive market, and farmers would gain more as a result. Moreover, without considering
possible social gains from energy security or environmental quality improvement, he finds
that while an ethanol subsidyould generate only a small deadweight loss in the short run,
the loss would significantly increase in the long run as both the demands and supplies of
respective markets become more elastic. In quantitative terms, the deadweight loss would
escalate to aund 4 billion dollars annually in the long run. It is important to note that
Gardner does not simultaneously analyze the ethanol subsidy and mandate. Rather, he
assumes that the mandate has an effect on markets similar to that of the subsidy, which
initializes the impact by creating a wedge between ethanol demand and supply. The only
di fference between the two is that the gove
the increased expenditure from the blending industry.

Taheripour and Tyner2(0 0 7 ) extends Gardner’s anal yt
analyze the distribution of ethanol subsidy and mandate among gasoline refiners, ethanol
producers, farmers, and land owners. Instead of constructing a model that has all the

markets simultaneousiyteracting with each other, they build three different models with



different specifications of the production functions to separately examine the distributional
impact of ethanol policies between gasoline refiners and producers, ethanol producers and
fasameg s, and farmers and | andowner s. For the
returns to scale in the blended fuel production technology enables them to derive the
theoretical result that gasoline and ethanol producers share the ethanol aabsrdyng to
their respective supply elasticities and elasticity of substitution between ethanol and gasoline.
In the presence of an ethanol mandate, which was implicitly modeled through a kinked
ethanol supply induced by production capacity constranaly find that ethanol producers
can potentially capture the entire subsidy when the mandated level is set above the full
production capacity level of ethanol. The reasoning for this is that the competition for
blending subsidy among blenders would driyetiie price of ethanol exactly to the level of
the price plus the subsidy. For the second case, in which the authors analyze a residual
demand model of industrial corn, they find that the subsidy received by farmers would
increase with the share of corrsed to produce ethanol and the demand elasticity of
industrial corn, but decrease with the supply elasticity of total corn, which is very similar to
the conclusion that Gardner (2003) draws. For the last case, they conclude that land owners
would capturemost of the subsidy that farmers appropriate from ethanol producers because
the supply of land is very inelastic. In other words, land owners would seize most of the
subsidy benefits resulting from a higher corn price because the supply of land is limited
Although they investigate the effects of ethanol policies on only the prices of
gasoline, ethanol, and motor fuel, De Gorter and Just (2009) take the analysis of corn ethanol

a step further by explicitly modeling the ethanol subsidy and volumetricdatan



simultaneously. Since they assume that the aggregate demand for motor fuel amounts to the
supply for ethanol and gasoline, the production technology of fuel that they adopt for their
model is Leontiff with constant returns to scale. Their comparatiatic results suggest that

a blending subsidy under a nrbmding mandate acts as an ethanol consumption subsidy.
This is due to the fact that the blending subsidy results in an equivalent increase in the price
of ethanol, as blenders bid up the preethanol plus subsidy until it is equal to the price of
gasoline in a fixed proportion production technology of YualNhile ethanol producers will
appropriate the entire subsidy if gasoline supply is perfectly elastic, motor fuel consumers
may also beefit from a lower fuel price if ethanol consumption displaces gasoline
consumption when the gasoline supply is upward sloping. On the other hand, a blending
subsidy under a binding mandate serves primarily as a gasoline consumption subsidy. The
main reaen for this result is that while both ethanol and gasoline consumption increase due
to the lower fuel price brought about by the blending subsidy, the low level of the mandated
percentage ensures that most of this subsidy is used to subsidize gasolimeptions In

other words, the existence of a binding mandate mitigates the effects that the blending
subsidy is supposed to have on the production of ethanol. This result is ironic given that the
blending subsidy in this context is working against envitental objectives, reducing
energy security, and contributing little to rural development and reduction in the costs of
farm subsidy programs. Given that a blending mandate can be used to generate the same
level of ethanol consumption as a tax credie #uthors suggest that having an ethanol

mandate alone is more desirable since it do

®This assumption ignores the fact that there exists an upper bound of which ethanol can be blended at.



generates a higher gasoline price. The latter would partially offset concerns over energy
security, environmental objectisegand a suboptimal gasoline tax.

Given the extensive use of DG in the feed industry, a few economists have attempted
to incorporate it in their models to reassess the effect that biofuel policies have on associated
markets. Taheripour et al. (2010)tilize a computable genernal equilibirum (CGE) model,
GTAP-BYP, with the ceproduct of corrbased ethanol, DG, and that of soybbased
biodiesel, soybean meal, to examine the importance -@raducts in analysis of biofuel
mandaté In specifics, theyook at the equilibirum changes in the production, prices, and
land use of the grain, livestock, and energy industries brought about by the biofuel policies.
To introduce the two types of qooducts into the database and forge links among the three
mainindustries, they alter the production technologies of ethanol and biodiesel and add two
distinct industries for the eproducts. With the inclusion of garoducts, the elasticity of
substitution between the -goducts and associated grains become driticagenerating the
equilibrium path of production, prices, and land use in each industry. Since they observe that
the prices of cgroducts and associated grains are somewhat positively correlated across the
time period of the sample data, the auth@suane that they are being substituted for each
other extensively and impose hypothetical values as high as 50 for the elasticities of
substitution. They find in their simulation results that the changes in prices, production, and
cropland use across alssociated industries in the Unitied States, Brazil, and European

Union are reduced by about 15% to 50% with the inclusion-g@iraducts in the model.

® According to theircalculations roughly 16% of acobased et hanol pl ant’s revenue
while the corresponding revenue share from sales of soybean meals for a dmgdrshbiodiesel plant is about
53%.



Bhattacharya et al. (2009) examine how an exogenous increase in the demand for
ethanol affects the priseand quantity of corn and meat. The six markets that they explore in
their analytical model include corn, DG, ethanol, beef, pork, and chicken. Although they fail
to establish how ethanol policies enter the blending sector, their study does provide some
implications as to how the agricultral markets could possibly behave with the existence of
DG. Using past empirical estimates for the elasticity parameters, they find that a 10% shift in
ethanol demand raises corn price by 4.48%. This leads to a daatoe demand by 4.05%
for cattle, 2.38% for hogs, and 8.55% for chicken. Consequently, the decline in DG price
initiated by the exogenous increase in ethanol demand raises DG utilization in cattle and hog
feeding by 9.5% and 3.11%. However, since thare of corn in feed cost is greater than
that of DG, the prices of different meats end up increasing as their supplies shift to the left,
with poultry (3.14%) being affected the most, followed by pork (0.35%) and beef (3.26%)

Hertel and Bekman (2011) look into how U.S. ethanol policies affect the linkage
between energy and agricultural markets. Utilizing a transformed GTAP model they
construct, the authors find that in the absence of a binding blending mandate and the
establishment of a me relaxed blending wall, the effect of energy price volatility on corn
price variation would amount to approximately t#nirds of the cropnduced volatility.

This is a consequence of more corn being used to produce ethanol. On the other hand, in the
presence of a strictly binding mandate and an unchanged blend wall, while energy price only
minimally affects corn price volatility, the sensitivity of crop prices to traditional supply

shocks intensifies due to the inelastic nature of ethanol demand dnolytiee policy.

" These are percentage increase in wholesale prices.



There are some noticeable trends and recurring issues in the present literature that
deserve to be brought to attention. First, most of the existing frameworks assume that
gasoline and ethanol are either perfect substitutes or pedegilements. However, as the
last subsection illustrates, substitution opportunities between gasoline and ethanol still exist
even when the blending mandate is binding. A possible reason that many researchers avoid
incorporating more flexible relatiohgp between gasoline and ethanol is the lack of available
empirical estimates due to the time series nature of ethanol. In other words, the elasticity
parameters in the blending sector are difficult to estimate with precision because only a few
years of narket data exist under structural conditions favoring ethanol at the time. However,
this is less of a concern at this point in time because more data are available. Combining this
with the fact that most of the present studies still rely on outdatedrieahpestimates
justifies the importance of a formal estimation of these parameters. Second, few models
incorporate the concept of the blending wall. This is important since it serves as an upper
bound for the level of ethanol that can be legally sulistit for gasoline under RFS. Third,
few studies integrate the appropriate role that DG now plays in the economy. This is
theoretically inadequate since it is apparent that DG has been actively used by livestock
producers to substitute for other grainsféed rations. Fourth, the fact that most of the
analytical models are focused on the linkages between specific markets suggests the need for
a complete analytical system that incorporates all of the associated markets affected by
biofuel policies; onlym this way can one gain a complete understanding of the full impact of
the policies in a systematic manner. Fi fth,

towards production risks stemming from ethanol policy uncertainty could help one bette
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understand the interactions between markets. Lastly, there appears to be room for theoretical
refinement of existing models since most of them assume simplifying assumptions such as
constant returns scélim associated sectors and perfect competiticalliassociated markets.

1.3 Theoretical Results

A multi-market equilibrium analysis is conducted in this section to examine the
welfare effects and volatility in market prices brought about by government policies on
ethanol. This analysis, which allsvall prices of interest to simultaneously adjust, is partial
in the sense that it is holding constant all other factors that can affect the demand and supply
equations. For convenience in notation, these constant factors are not written explicitly in the
functions.

Except for the ethanol industry, variable proportions technology in production is
assumed for all outputs within the market boundary. The underlying production function for
these outputs is assumed to be CGBDliglas with no assumption othe returns to
production scale. Furthermore, it is presumed that there is one particular input that the
representative firm in each industry cannot freely adjust. Once again, these fixed inputs are
not explicitly expressed in the profit maximizing ingilemand and output supply functions
because they disappear after oneddtgrentiates to obtain comparative static results. On
the other hand, fixed proportions technology for the joint output of ethanol and DG is
assumed for the ethanol industry throoghthe analysis. Specifically, it is assumed that

corn and natural gas are the inputs used for the production of ethanol.

8 The are sme evidences that shows the blending industry has an increasing to scale production technology
(RFA and EPM) as noted in DeGorter and Just (2009).
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To fully understand the equilibrium relationships, it is best to consider a sequence of
different scenarios that shed light ore timteractions between different markets. In each of
the scenarios, adjustments in prices and quantities are driven by federal ethanol policies,
which are assumed to be exogeno@her preexisting distortions are not being accounted
for. The scenarioproceed from the simplest and most partial to the most complex and
general. While all equilibrium relationships are analyzed, the focal summary for each
scenario is the equilibrium change in the price of corn induced by an increase in ethanol
policies.
1.3.1 Case A: Ethanol, DG, Corn, and Corn Feed with a Subsidy

Case A imposes some extreme assumptions to best illustrate the fundamental logic of
the model. Assume that processing corn results in both ethanol and DG, and that drivers use
only ethanol &nd not gasoline) as fuel. Moreover, suppose that DG is used solely as an input
for the production of widgets (i.e., a good that does not use corn as an input; widgets will
become animal feed and display substitution with corn in subsequent scenarios).
Furthermore, assume that the price of widgets is fixed due to a perfectly elastic and stationary

demand. This can be described by the following system of equations:

0 0 p t0O pdd %OEASIATIAT A

0 0 0 ppg . AOOOMKIODP DI U

0 0 0 0 pp® $ A OESORIAAED 1 AOGGGE A |
0 0 0 pp8 $ AT AEIRO GIAAA

0 0 0 pd® ! CCOMJAKAI AT A
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0 O 0 h P& $'$ AT AT A

where subscripts E, N, C1, C2, IhdaW correspond to ethanol, natural gas, industrial corn,
corn feed, DG, and widgets. Superscripts D, S, and P represent demand, supply, and
producer. Qs and P’"s indicat et igassumaditot i e s

be ad valorem. Exlitly, this implies that

®0'0"Y6
ot Ha QO Q

VEETC stands for the Volumetric Ethanol Excise Tax Credit.  This assumption is not
unreasonable since it is highly possible that government conducts its subsidy policy based on
the prce of ethanol. Thus, this definition of subsidy will be used throughout this section. The
subsidy is assumed to be on the consumption of ethanol and creates a \pedde,
between producer and consumer price. For simplicity, further assume that the cfupp
natural gas is perfectly elastic. The comparative statics result can be derived- by log

differentiating each of the system of equations.

0 L 0 tH PPP e

0 PPE e

Ca
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0 0 0 0 PPR x

0 -0 PP
0 1 0 71 0 PHD e
0 - 0 PP e
0 -0 h PPY e
whered Q& £¢0Q0 Q& ¢0QHHI QT —, —, —1 —, and
1 —. TheU s d&rmsd ar e t hiee elasticiies of @lemand)pand supply @).

Equation L . 1) drdgs out due to the assumption that® Hb. Equating { . 1) ari’
(1 . 1 ledvés one with 5 equations and 7 unknowns,0 ,0 ,0 ,0 ,0 ,and0 .
However, becausé ,0 , and0 are jointly determined, the system is just identified with

5 unknowns and 5 equations. Using the fixed proportion condiion, 0 0 hand the

equilibrium condition of aggregate corn market, 0 hthe comparative statics are:

0 1T - - -

T — Pl
0 -1 — ) 8o
o7 - - : -1 - - i
Ea L n b T
o1 - - : 1 - - g
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The common underlying restriction that makes unambiguous the signs of the comparative

static results is

T - = T (P® )

Assuming that the ordinary own price elasticities of demand and supply are respectively
negative and positive, no ambiguity arises: the sign of the determing®dn ) is positive.
Ranchers andaxpayers lose, while farmers, ethanol producers, and drivers all gain. The
reason for this straightforward result stems from the fact that DG is assumed to be used as an
input for an output that is unrelated to the motor fuel and agricultural mai®pegifically,

the price of corn is bid up due to the increase in its use in ethanol production. Society as a
whole loses because of the triangular dead weight loss. The Harberger triangle emerges
because resources are not used efficiently: firms manuéaethanol beyond the point where

their marginal cost equals the marginal benefit to consumers. As expected, the magnitude of
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the effect of a subsidy on prices depends on the ordinary price elasticities of ethanol demand,
DG demand, corn feed demand, aoicl corn supply.

Figure 1.6 illustrates a graphical characterization of the market linkages and
comparative statics. The price elasticities of ethanol and DG demand and the natural gas
supply determine the price elasticity of derived demand for tndusorn. The aggregate
demand for corn consists of the derived industrial corn demand and corn feed demand. The
equilibrium corn price is determined by the aggregate demand and supply for corn. In turn,
the equilibrium price of corn indicates thevé¢ of additional industrial corn that ethanol
refineries ought to demand in order to maximize profit when a subsidy is imposed. When
corn feed demand, total corn supply, and derived industrial corn demand are relatively
inelastic, the additional industiticorn that ethanol refineries can demand is bounded because
of the resulting higher corn price. While the corn feed demand and aggregate corn supply are
drawn to be more price inelastic by design, ethanol refineries will only demand industrial
cornupbl , and this eliminates any further possible reduction in the prices of ethanol and
DG because only so much ethanol and DG can be supplied to the markets wattmount
of industrial corn. It is not difficult to see that if either of the coedfdemand or total corn
supply were more price elastic, ethanol refineries would be able to increase the quantity of
industrial corn demanded. In fact, as the comparative results illustrate, if either the price
elasticity of corn feed demand or total cawmpply are near perfectly elastic, the subsidy
effect on corn price would be close to zero. Consequently, with the exception of ranchers, all
parties would gain more at the expense of larger subsidy payments from the taxpayers. On

the contrary, if bothcorn feed demand and total corn supply are near perfectly inelastic,
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farmers and ethanol refineries will split up the subsidy payments, while the prices of corn and
ethanol become higher. It is important to note that the above reasoning holds onlyavhen th
supply of total corn is stationary. If farmers decide to take advantage of the higher price and
increase production by converting more land to produce more corn, then the resulting
downward pressure on the supply of total corn would enable ethana@riedino consume
more industrial corn. In the extreme case that farmers are able to segregate buyers of corn
through marketing tactics, they would be able to gain more surplus by selling the extra corn
to ethanol refineries because price of corn will dase at a slower rate due to the more
elastic nature of industrial corn demand. This interpretation is similar to the theoretical
possibility that Gardner (2003) highlights.

One can also evaluate whether or not prices have become morke\mfakamining
the equilibrium price elasticities of the respective markets. Because the focus of the paper is
on corn market, only the equilibrium price elasticity of demand for the corn market is
examined. Since the production technology for ethaaksumed to be fixed proportions,
one can use the formula proposed by George and King (1971) to deduce the equilibrium

price elasticity of derived demand for industrial corn. This is

° Following past literaturéFloyd, 1965; Gardner, 1975he & 'Oandn Osignify movements along the ordinary
demand and supply functions while tBé&Orefer to equilibrium elasticities that take into account of all
equilibrium adjustments taking place in markets within the market boundary.
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whereO is the equilibrium price elasticity of derived demand for industrial coris the
ordinary price elasticity of demand for the joint product of ethanol and DGOapd is the

elasticity of price transmission for the price of the joint product with respect to corn price.

Since the price changes originate from the ethanol market, the elasticity of price transmission

is simply

Utilizing % and% , the equilibrium own price elasticity of aggregate corn demand in this

regime is

18
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wheretheEE s denote t

equilibrium adjustments taking place in markets within the market dasyn Because

11— the ordinary and equilibrium price elasticity are identicalhe same holds

Y Because fixed praptions technology is assumed in the ethanol refinery sector, the value of the joint product

canbewritenad 1 0 1 0, wher¢g —ATI1A —. Implicit partial differentiaton with
respect ta) yields:
— 1 — 1 —— = 1 — 1 —
-1 00— 1 00— 0
1T -1 — 0 66— ——— — —
oy
— ¢o0 0 0+ P

' Given that the supply of natural gas is perfectly elagtie,derived demandf industrial ©rn can be written
asO 1 0 1 0, where — ATA —. Implicit partial differentiation with respect to
0 vyields:

— 1 ——
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for the supply side of the corn market: the ordinary and equilibrium price elasticity of

aggregatearn supply for this system are equivalent.

1 ] 1 - - PPH ¢

Thus imposing a subsidy in the ethanol sector does not cause the price of corn to become

more volatile: corn price will not rise or fall at a higher rateen corn supply shocks take

place.
1.3.2 Case B: Ethanol, DG for Feed, Corn, and Meat with a Subsidy

Now alter the scenario by assuming, as in fact, that DG and corn feed are substitute

inputs used in the production of meat. A systdraquations that portrays this is:

0 0 p t0O p&® NOEAIAITAT A
0 0 0 pgd . AOOOMKIODPDPI U
2 Evaluate the ordinanprice ehsticity of aggregate corn with 0 0 REAOA
— AT A —. Implicit partial differentiation with respect @ yields:
— — —_— — l. —_— —
] ] ¢ 0 0 0 + p8
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To focus on the interactions among ethanol, DDG, and corn, the quantity demanded for meat
and the price of natural gas are held fixed. Specifically, the spillover and fektéfiekts
between the meat matkeand its input markets are shut down by assuming a perfectly
inelastic meat demand. In this way, the residual éffemt input markets of meat is
effectively removed from the analysis. Assuming competition prevails in all output markets,

the comparativstatic results on prices are as follows:

0
ru 0 P& T

0
Ey o) pPRP p

13 Spillover effect refers to the effect of an exogenous increase in input price on associated output market.

Feedback effect represents the effgassibly resultinghat a change in output price has on its input markets
(Just, Hueth, & Schmitz, 2004)

4 Residual effec{Friedman, 1976is used to denote the total product of spillover andifaek effect.
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Thesigns of the @sults are ambiguous because the determinant of the system can be of either
sign without a restriction on the technology of feed manufacture. On top of that, since the
system of equations consists of inverse and direct demand functions, interpretatien of t

price movements naturally becomes more complicated. Nonetheless, a closer look at the
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underlying restriction for the comparative static results reveals what drives the ambiguity.

The underlying restriction for determining the signs of the results is:
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VLY

— 1. QQ1 - _ - — —
W3 ¥ _

—  Tlow

'y ’r

v T

(1.2.19

The left hand side of restrictiail.2.18)is identical to the left hand side ¢(£.1.15) and it
describes the subsidy efteon prices when a theoretical relationship does not exist between
DG and corn feed. The right hand side depicts the additional subsidy effect on prices
through the theoretical relationships between DG and corn feed. While the left hand side is
always msitive, the right hand side can be either positive or negative depending on whether
DG and corn feed are substitutes or complements. Because DG and corn feed are net
substitutes, the right hand side is unambiguously positive, and the subsidy effeiceenspr
smaller than is the previous case. This occurs because corn is being recycled back into the
feed market as an additional resource in the form of DG. The channels that lead to this
outcome can be explained as follows.

As the subsidyinitially raises the price of corn and lowers the price of DG, the

substitutability between corn feed and DG exerts downward pressure on the quantity of corn
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feed demanded and upward pressure on the quantity of DG demanded. In the process, as the
price of DG increases, the quantity of corn feed demanded is forced to increase along its
demand curve, further exerting downward pressure on the price of corn. Thus, as the
availability of DG moderates the upward pressure on corn price, more ethanol is supplied to
the market. On the whole, the subsidy effect on market prices can be said to be monotonic:
the distorting effect on prices is smaller when the substitutability between DG and corn feed

is more substantial. While not likely, an interesting theoreticalilpiiss arises in that the
percentage increase in corn price induced by an increase in ethanol subsidy may be offset or
even reversed if enough DG is substituted for corn feed.

The welfare consequences of the presence of DG are as follonshd®s lose less,
whereas ethanol producers, and drivers all gain more from the subsidy. While farmers gain
less and taxpayers still lose, society as a whole regains some of the inefficiency lost in
production and product mix induced by the policy. Thegmtude of this improvement in
efficiency hinges on the production technology of DG and the substitutability between DG
and corn.

The equilibrium price elasticity of aggregate corn demand in this case is

O T T (1.2.19)

24



Assume that the own price effects outweigh the cross price effecthat(1.2.18)is
satisfied. The equilibrium aggregate corn demand is then unambiguouslypnuarelastic
when the substitutability between DG and corn feed is larger. This implies that imposing a
subsidy in this setup allows the price of corn todss Ivolatile and less susceptible to supply
shocks. This is illustrated in Figure 1.7D* is the equilibrium aggregate corn demand when
DG is unrelated to the production of meat. On the other hahds Bhe equilibrium
aggregate corn demand when DQuged as a substituting input in the production of meat.
The additional price interactions among markets ensure that the equilibrium aggregate corn
demand is more price elastic in case@early, given the samengeof fluctuation in corn
supply, therange ofvariation in corn price isarrower for Case B (as indicated by)\than
Case A (as indicated by'y
1.3.3 Case C: Case B with Downward Sloping Meat Demand

Now turn on the meat market by allowing the price of meat to adjilst case can

be generated by using the system of equations in case B and ali?idgand (.2.7) to

0 U oLvhh (1.3.4) Demand for Corn Feed

0 0 vhh (1.3.7 DG Demand

and adding a pair ofeinand and supply equations for the meat market to complete the

system. They are:

0 0 U (1.3.8) Meat Demand
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%] (1.3.9 Meat Supply

The comparative static results become:

where

PP p

PBP ¢

h p®® o
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Similar to the previous case, the signs of the comparative static results are ambiguous
because the determinant cannot be signed without further restrictions.un@edying

restriction for this set of system is:
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(1.3.19

As one can see, further complications arise when both the spillover effects from input
markets (DG and corn feed) to output market (meat) and feedback effects from output market
to input marketsare present in the system. Algebraically, the further complications when
letting the price of meat vary are represented by the expressions from the second to fifth row
on the right hand side of the inequality. In all, the residual effects on the inpkietena
temper the distortion on prices induced by the subsidy, and the magnitude of the tempering
depends on the curvatures of the meat and DG demands. Since substitution exists among DG
and corn feed, the crosssidual effect on the other input markettgounore downward
pressure on the price of corn. As a result, the subsidy effect on all prices is mitigated even
more. The welfare consequences are similar to case B, but with the society regaining more of

the inefficiency loss. This is to be expectedause this scenario allows for the prices of
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meat to adjust based on market conditions. Fig@eepicts the possible theoretical results
induced by the ethanol subsidy.

As expected, the equilibrium price elasticity of demand for aggregate cornddepen
on the cross price effects between the two farming inputs and the residual effects on the meat

inputs. The equilibrium price elasticity of demand for aggregate corn is:

5
| 1
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T i N (1.3.15)

According to (.3.195, with the inclusion of a feedback effect from the meat market, the
equilibrium demand for aggregate corn becomes even more price elaskssvdInerable
to supply shocks when DG and corn feed are substitutes.
1.3.4 Case D: All Markets with a Binding Ethanol Mandate and a Subsidy

Next integrate the gasoline and motor fuel markets into the analysis with a binding
blending mandate. It is assumed that gasoline and ethanol are the two inputs used to

manufacture fuel. Because fuel blenders own most of the blending terminals and receive the
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majority of the blending subsidy, the subsidy is in essence a subsidy on ethanotignoduc

The setup becomes:

| 0p T O p |0 (1.4.1) Motor Fuel Price Relationship
0 0 0 (1.4.2) Natural Gas Supply
0 0 0 0 (1.4.3) Derived Demand for Industrial Corn

CA
CA
C
-
c

(1.4.4) Demand for Corn Feed

0 0 0 (1.4.5 Aggregate Corn Demand
0 0 0O (1.4.6) Aggregate Corn Supply
0 0O 0 (14.7) DG Demand
0 0 U (1.4.8) Meat Demand
0 O 0 M (1.4.9) Meat Supply
0 0 -0 (1.4.10 Fuel Demand
0 0 0 0 0 (1.4.11) Aggregate Fuel Supply
0 0 0 (1.4.12) Gasoline Supply

The parametey is the percentage of ethanol that must be blended in total fuel. Equation
(1.4.10 implies that the demand for ethanol is completely determinedebgaimand for fuel
because it is assumed that blenders strictly follow the ethanol mandate. This makes sense

because the EPA annually determines the percentage of ethanol to be blended into gasoline
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according to its projection of fuel demand in the follogviyear. The comparative static

results are:
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Holding the level of mandate fixed, the underlying restriction that characterizes the impact

that the subsidy has on prices is:
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(1.4.25

The restrictions for the blending markets are not written out because the subsidy
effects on the prices of thesearkets are straight forward. That is, a percentage increase in
the subsidy should induce only a small increase in the ethanol price. On the other hand, one
should expect a sizeable decrease in gasoline price and a substantial decrease in the price of
fuel. This stems from the fact that if one assumes all blenders strictly follow the blending
requirement proposed by EPA, theeiding industry should utilizdixed proportions

blending. In this case, because the blending share of ethanol is extremelyolstwgfrthe
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subsidy has to be transferred to the gasoline market. Moreover, different from the insights
gained in the previous cases, fuel prices should be less sensitive to how intensive DG
substitutes for corn. The reason behind this is that the chamggilibrium ethanol supply
is capped at the binding level, even when more DG can be substituted for corn and more corn
can be redirected to the production of ethanol. Lastly, although the basic channels affecting
the agricultural markets are similar tfee ones stated in case C, one should expect a much
smaller change in prices due to the low blending share of ethanol.

Similarly, holding the level of subsidy fixed, the underlying restrictions that describe

the equilibrium changes in market prices indlbg a change in the mandate are:
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Notethat the restriction for the agricultural markets is almost identical to the one concerning
subsidy. This implies that a mandate generates priegastions within these markets
through comparable channels. As for the blending industry, although a mandate effect
contains a subsidy effect, it could still raise fuel price depending on the prices and curvatures
of ethanol and gasoline supply. Holdintdpe two price elasticities of supply to be
identical, an increase in mandate only guarantees a reduction in fuel price when gasoline
price is higher than ethanol price. On the other hand, when prices of ethanol and gasoline
are exactly egal, an increase in mandate assures a decrease in fuel price no matter what
values the price elasticity of the two supplies take.

The equilibrium price elasticity of demand for aggregate corn for this system is
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One should expect the equilibrium aggregate corn demand to becomerinereelastic as

the mandate level becomes lower or subsidy becomes higher.
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1.3.5 Case E: All Markets with a Non-Binding Ethanol Mandate and a Subsidy

Finally, considerall relevant marketsvith a nonbinding blending mandatand a
subsidy A nonbinding mandate is defined as the initial equilibrium blending level being
greater than the mandated blending levdll.is assumedhat petroleum $ only used to
produce gasolineTo define and set the market boundary, fuitherassumedhatthe input
supplies that the petroleum refineries face are perfectly elastic, thereby eliminating any
feedback effects from those input marketstbe price of petroleum. Thus, on top of the

systemof equations utilizedh case Cthe additional equations that are required to depict the

industry structure are:

0 0 p tOMM (1.5.1) Ethanol Demand
0 0 0 (1.5.10 Fuel demand

0 0 p tO0 MM (1.5.11) Fuel Supply

0 0 0M

(2.5.12 Petroleum Demand

C
C
C

(1.5.13 Petroleum Supply

¢
~

C

Cc

Ca
¢
o
—
Ca

(1.5.14 Gasoline Demand

q
<1

C
CH
Ca

(1.5.15 Gasoline Supply

The comparative static results are as follows:
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Once again, looking just at the comparative static resultslsshittle light on the price

interactions between markets. The underlying restriction for the agricultural sector is:
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The sixth row to the right hand side of the inequality is the additional price interaction
from introducing the motor fuel, gasoline, and petroleum markets. The te#\g depicts

the price interactions between markets in the dilep sector when the subsidy enters the
system. As the quantity of ethanol demand vary along its demand curve due to the wedge

created by the subsidy, the | ower demander
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the price of fuel. At the same tim#&e lower price of ethanol also exerts downward
(upward) pressure on the price of gasoline if the two are gross substitutes (complements).

However,the residual effects on the two blending inputs create further downward pressure
on their prices. Thus, ¢hmagnitude of the term LO depends primarily on the cross price

effects between gasoline and ethanol and the residual effects on them. Assuming the residual
effect on petroleum is secondary, this price interaction term appears to beposdree

when the two blending inputs are substitutes and less positive when the two are
complements. The price interaction in the blending sector then gets passed down to the
agricultural markets through the ethanol market. This is why the price teréerm for

the blending sector is being multiplied by an adjustment term that represents the price
interaction in the agricultural sector when the price elasticity of demand for ethanol changes.

The underlying restrictions for the motor fuel markets a

— m Q0Q p

— m QQ - T

— m QQ - T

— m Q0 m  (1.5.29

39



Assuming that gasoline and ethanol @mss substitutes and all residuals effects are
secondary, the prices of gasoline and petroleum decrease more whamd@@rn feed are
substituted more intensivelyrurthermore, the price of fuel falls more when the substitution
among gasoline and ethanol is larger.

The equilibriumpriceelasticity of demand for aggregate corn is

>
l1 i
>
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>

Il — « il
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(1.5.25

As (1.5.25 indicates,similar to cases B, C, and D, the equilibrigprice elasticities of
demand forethanol, DG, and corn feed ameore compkex with additional price interaction
termsadded to its ordinary counterpartyhus,whether or not theggregatecorn demand
becomes more or less prietasticdepends orfi) the magnitude of theorn shares(ii) the
fixed proportions technologihat determine the prices of ethanol, DG, and corn; andhgi)
additionalprice interaction terms that depichanges irthe equilibrium price elasticities of

demand for ethanol, DG, and corn feed
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1.4  Calibration of Comparative Statics Results

This section evaluates the possible magnitude of the comparative static results and
identifies the effects thathe parameters have on the results. Two cases are considered
here: a subsidy withQaseD) and without(CaseE) a binding blending mandateThe latter
assumes that ethanol and gasoline are not perfect substitutes and that the ethanol mandate is
neve binding. The presumed values for the elasticities and price shares are listed in Table
1.1. The most conservative measure of fixed proportions technology for the joint production
of ethanol and DG is utilize®.75 gallons of ethanol and 17 pounds @& Bre produced
from a bushel (56 pounds) of corn (Anderson, Anderson, & Sawyer, 2@0Bjrices are
convertedin dollars per gallon using the assumptiorfor the fixed proportionstechnology.
Furthermore, the required parameters for quantifying the comparative static results are also
listed in Table 1.2 Since the model iderived in logdeviationform, all results denote a
percent change in the market prices induced by a percent change in the subsidy. The
calibrated comparative results are reported in TalBle

As for the norbinding case, the directional changes in prices are identical to what is
predided from the theoretical sectioA ten percentage chae insubsidyinduces &.54%
increase in corn price, 4.84% decrease in DG pric&%®.Bicrease in meat price, 3.06%
increase irproducerprice of ethano] 0.67% decrease in gasoline price, and 0.64% decrease
in motor fuel pice. Altogether the results suggest that a change in subsidy affects the
agricultural markets more than the fuel markets. This is not surprising given that the share of
corn used to produce ethanol is much higher than the share obletls&d for gasoline

blending. However, it could also be that the cross price elasticity between D@ranid c
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simply set too low. Asigure 1.9 illustrates, the change in prices is quite sensitive to a small
change in this crosggrice relationship.

In the case of a subsidy with a strictly binding mandate, an incfEa@%s in subsidy
induces both theroducerprices of gasolin€2.33%)and ethano{0.34%)to rise because the
subsidy functions like a support on motor fuel consumption rather than ethanol consumption.
However, the irpact of a subsidy becomes trivial in the agricultural markets due to the small
share of ethanol blended in fuel. Aldmcausesthanol price is lower than gasoline price
over the sample period and the implied ethanol supply is more price #last the
gasoline supply, an increagE0%) in mandate induces both the prices of gasalin61%)
andmotorfuel (1.51%) to fall. Lastly, it is cleathat apercenagechange in mandate has a
bigger impact on prices than percenage change in subsidy. This is in line tviwhat
Gardner (2003) suggests: the distortion in market prices is gfeatthanol mandatdue to
its higherlimitation on the efficiency in product mix This is especiallyapparentin the
agricultural markets due to tihégh share of corn allocated pooducing ethanol.

The calibrated equilibriunprice elasticity ofaggregate corn demand-&.61 for the
binding regime ane0.83for the nonbinding regime. Figuré&.10 shows that the elasticity is
extremely sensitive to substitution among itspu The fact that thequilibrium aggregate
corndemand is shown to be more price elastic when the substitution between DG and corn is
larger implies an unanticipated incidence of the subsidy policy: corniptiees susceptible
to supply shocks with the aifability of DG. This implies that corn price is less volatile
because the region that it can fluctuate around is bounded by the curvature of the demand.

Moreover, due to the recycling of DG back into the markets as extra resources, the economy
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as a whte suffers less efficiency loss. While this has not been explicitly derived in the
theoretical section, as the equilibrium aggregate demand for corn becomes more price elastic,
the equilibrium supplies for ethanol, motor fuel, and meat market also beoone price
elastic. Finally, Hgure 1.11 reveals another reastimat having two policies in concert is not

in the best interests of the economiyhen a mandate is binding, the equilibriaggregate
corn demands more price inelastic whethe mandate leel is lower. Moreover, when a
mandate effect contains a subsidy effect, ¢lailibrium aggregate corn demand is more
price inelastic wheisubsidylevelis higher. In all, while a blending mandate does not incur
taxpayer expenserices of corn and other relevant markate more susceptible to price
volatility whenmandate is binding

1.5  Conclusion

The analytical multmarket equilibrium framework developed in this paper
extends past research by (i) modeling distillers grains along withoktharthe joint
product of corn;(ii) deriving an explicit equilibrium price elasty of aggregate corn
demand; (iii) expanding the market boundary to forge links between ftled and
livestock markets;and (iv) holding no assption on the returns to production scale for
each market within the market boundary.

The role that distillers grains plays in the economy, which has been considered but
not tackled analytically in past research, is clearly defined and developedreguslta this
allows the representation of linkages between relevant markets to be more complete.
The general equilibrium implications of ethanol policies on market prices are richer in this

sense. Moreover, the model corrects some obtrersimplifying assumptions that have
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been ignored in the past. Lastly, the equilibrium elasticity formula provides a means to
guantify how ethanol policigsfluencethe volatility of corn price.

As the theoretical and empirical results iredes DG is shown to mitigate the
distortion on all market pricesvhen a subsidy is the only policy.The magnitude of
improvement in efficiency hinges on {he fixed proportions technology of comtieg corn
to ethanol and D@Gand (ii)the degree of substitution between DG and cdrne first result
implies that the subsidy effect on all market prices is expected to be reduced even more as
the production technology of ethanol and DG improv@$e secondresult implies that the
level of mitigation in subsidy effect is determined by how much DG can be utilized by
livestock feeders.Results from studies on feed rations for different livestock species are
summarizedn Table 1.4. As one can see, there appears to be physical limits as to how much
DG can be fed to different species of livestodihe recommended maximum percentage of
DG in feed ration is highest for beef cattle (40%), followed by dairy cow (20%), 98@)(2
turkey (15%), and broiler (10%)Because DG is mainly protein with fat, phosphorous, and
sulfur, it tends tadisplacemore corn feed tharother grains. While thisindicates that the
level of mitigation in subsidy effect is constrained by the maydimits of DG utilization in
feed ration, it alssuggest that subsidy hurts tHaoiler industry more than other livestock
industries

On the other hand, if a subsidy is paired with adimg mandate, some of the
potential recovery in efficiency diminishes. This is due to the factth®atllocation of
resourcedecomedess flexible wien a mandate is binding. Moreover,prices of relevant

markets aremuch more susceptible to price volatiliyy a binding regime. While the
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empirical literatureregardingthe impact ofthe U.S. ethanolmandateon price volatilityis
fairly limited, Maniloff and Kim (2015)providesuggeste evidencehata one billion gallon
per yearincreasein the ethanol mandate increases corn pricdatiity by approximately
3.3%.  Although their work does not incorporate D®ased on the theoretical results
establishedn this chapterthe corn price volatilitywas likely greater beforeghe DG market
developed.

While the theoretical modelpresented in thishapterprovide an abstract of how
ethanol policies affecthe prices of all markets within the market boundary, the
guantification of the modslis deemed to be debatable due to issues brought about by some
of the assumptions presumed in the madélhe first issue has to do with the fact that the
modesk fail to account for all of thgre-existingdistortions within the markdioundary. In
other wordspecauseonly two government policies in the blending sectorlei@ag analyzed
in deph, the presence of othatistortions within and outside of the blending sector
guarantees that the demand and supply functions in some of the markets necisety
specified A procedure that can be undertakemt¢oount for thiss to firstconsiderall of the
government policies within the blending sectofhis can be done bgpproximatingan
aggregate amount for each of the three main categories of ptdigysubsidy, and mandate
- and model the prices and quantities in the blending markets accordingly. For instance, the

marginal cost function of eepresentative blender case Dcould be modified to:
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where

| the total percentage of fuel that has to contain ethanol
t the total amount of subsidy that blender reesifor blending ethanol
t the total amount of tax that blender pays for blending ethanol
t the total amount of subsidy that blender receives for blending gasoline

t the total amant of tax that blender pays for blending gasoline

In this way, the policy parameters reflect all of flie-existing policy instruments in
the blending sector. The same procedurean be donefor the agricultural markets.
Altogether, the resulting system of equations should compose of demand and supply
functions that are conditioned on all of tipee-existing distortions within the market
boundary. As expected, the clodedn solutions of the comparative static ressit®uld
have a partial equilibrium interpretation in terms of a percentage change in the exogenous
price and quantity instruments. To the extent that (a) consumers and suppliers adjust along
the compensated demand and supply curves, (b) no existingidistaatre in the form of
price ceilings or floors, and (c) perfect competition exists in every market of inf@vsst
Hueth, & Schmitz, 2004Xhe approximated changes in marketgsishould better reflect all
the partial eiects of government interventions.

Another simplifying assumption made in the theoretical model is that perfect
competition prevails throughout the markets within market boundary. While this may be a

trivial departure from reality for most of the rkats, it is certainly not true for the blending

46



markets due to the presence of petroleum firms. Relaxing asssmptionrequires

modifying the supply function of motor fuel, which can be done by incorporating a
conjectural variation elasticity coeffigie into the model. For instance, assume that the
representative blender has the following Leontiff production function under a strictly binding

mandate regime withnad valorenblending subsidy:

The representative blender’s profit maxi miza

The first order condition implies that

cr
°
-
°
|
C

L =0 10 p T 1 p T —

where—is the conjectural variation elasticity coefficient for the representative firm. Note
that the sum of the two terms on the left hand sidleegerceived marginal revenudereas

the sum of the four terms on the right hand side is the perceived marginaDepsnding

on the value ofhe conjectural variation elasticity coefficietite industry motor fuel supply

relationcan be defined asither one of the followings:
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The parameter— represents the oligopoly price distortion against drivers while

and implicitly stand for the monopsony price distortion against ethandl an

gasoline producers. The supply relati@rb(4) canbe used with other equationsesfiied in

case Dfor solving the comparative static results of how market prices adjust when the
individual ethanol policy variable changes. The results shodck acarately reflect the
distortion effects on markets if the conjectural variation elasticity coefficient can be
considered as a parameter. The actual value of the conjectural variation elasticity coefficient
can be attained through external calibration oediestimation. If empirical estimates do

not exist for the conjectural variation elasticity coefficient, then one can simply estimate it

following the procedure suggested in Brendstrup €2aD6)
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TABLES AND FIGURES

Table 11: Assumed Values for Calibrated Parameters

Parameter Definition Value Source/Method Time Horizon
0 Price of etlanol $5.382  Took sample average and rescaled accordinc 20062011
fixed proportions unit
0 Price of DG $1.102  Took sample average and rescaled accordinc 20062011
fixed proportions unit
0 Price of corn $4.388 Took sample average andceled according to 20062011
fixed proportions unit
0 Price of gasoline $6.542  Took sample average and rescaled according 20062011
fixed proportions unit
0 Price of fuel $6.455 Took sample average and rescaled according 20062011
fixed propotions unit
U] Ratio of subsidy to ethanol price 0.231 Rescaled according to fixed proportions unit 20062011
V] Ethanol mandate 0.075 Sample Average 20062011
- Price elasticity of ethanol demand -0.87 Miranowski (2007) 19902005
- Price elasticity of ethanol supply 1.83 Internally determined by model Null
- Price elasticity of fuel demand -0.27 Short Run (Long Run between-8t71 to-.84); Null
(Goodwin, 1992)
- Price elasticity of fuel quply 0.27  Roughly equal to the negative pf(Chouinard & Null
Perloff, 2004)
- Price elasticity of gasoline demand -0.25  Median value from the short run rang@.056 for 19751980
2001-2006);(Hughes, Knittel, & Sperling, 2006)
- Price elasticity of gasoline supply 0.25  Roughly equal to the negative f (Chouinard & Null
Perloff, 2004)
- Price elasticity of petroleum demand  -0.061  Short Run (Long Run at0.453);(Cooper, 2003) 19792000
- Price elasticity of petroleum supply 0.1 Assumed Null
- Price elasticity of meat demand -0.71  Median value from empirical studi¢Gdlet, 2010) Null
- Price elasticity of meat supply 0.252 Vertical summation of the weighted supply 20062011
elasticitiesof different types of meat(
—r—), (BresterMarsh, & Atwood, 2004)
- Price elasticity of demand for corn feed  -0.89 Gardner (2007) Null
- Price elasticity of aggregate corn supply  0.23 USDA (2007) Null
- Price elasticity of DG -1.00 Assumed Null
Shareof corn used for ethanol 0.38 Sample Average; USDA (2011) 20062011
Share of corn used for feed 0.62 Sample Average; USDA (2011) 20062011
- Elasticity of petroleum demand wgasoline 0.1 Assumed Null
price
- Elasticity of gasline supjty wrt petroleum -0.1 Assumed Null
price
- Elasticity of gasoline demand wftel price 0.075 Assumed Null
- Elasticity of fuel supply wrtgasoline -0.1 Assumed Null
- Elasticity of ethanol demand wgasoline 0.2 Assumed Null
- Elasticity of gasoline demand wethanol pricc 0.01334  Assumedsymmetry in cross price derivatives; Null
- - z
- Elasticity of fuel supply wrethanol price -0.05 Assumed Null
- Elasticity of ethanol demand witel price 0.05 Assumed Null
- Elasticity of meat supply wrorn price -0.2 Assumed Null
- Elasticity of meat supply wtb DG price -0.1 Assumed Null
- Elasticityof corn feed demnd wrtDG price  0.0486 Assumed symmetry in cross price derivatives Null
- - z
- Elasticity of DG demand wtb corn price 0.3 Assumed Null
- Elasticityof DG demand wrineat price 008 Assumed Null
- Elasticity of corn feed demand wrieat price  0.16 Assumed Null
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Table 1.2: Required Parameters for Quantifying the Comparative Static Resul

Parameter Scenario A Scenario B Scenario C Scenario D Scenario E

0 X X X X X
0 X X X X X
0 X X X X X
0 X
0 X
0 X
U X
- X X X X X
- X X
- X X
- X X
- X X
- X X
- X
- X
- X X X
- X X X
- X X X X X
- X X X X X
- X X X X X
X X X X X
X X X X X
- X
- X
- X
- X
- X
- X
- X
- X
- X X X
- X X X
- X X X X
- X X X X
- X X X
- X X X

* X implies that the parameter is required for generating the comparative static re



Tablel.3: Calibrated Results of Section 1.3

5 5 5 5 5

0 0 0 4] 0 0
tH 0.2540% -0.4835% 0.0904% 0.3061% -0.0674% -0.0639%
tH 0.0279% -0.0432% 0.0089% 0.0342% 0.2325% -0.2148%
\ 0.4717% -0.8979% 0.1679% 0.5685% -0.1609% -0.1514%
NB = nonbinding regire; B = binding regime
Table 14: Recommended Feed Percentage3ifferent Livestock Ration
Livestock Maximum Corn Feed Maximum Soybean Meal Maximum DG
Type in Ration in Ration in Ration
Beef Cattle 96% 6.3% 40%
Dairy Cattle 96.%% 3.6% 20%
Hog 79.%% 15.6% 20%
Turkey 55.1% 32.4% 15%
Broiler 65% 35% 10%

Sources:Anderson, Anderson, & SawyeP@08); Noll (2005, 2007) Schingoethe, Kalscheur, & Garci
(2002; Shurson & Spiehg2002; Siemens, Vattauer, & Schaef€t999; Trenkle (2003; Whitney,

Shusson, Jbnstan, Wulf, & Shankq2006);
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Figure 1.1: U.S. Corn Decomposition and DG Production (mil. bu.)
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Figure 1.2: Displacement of Corn by DG (mil. bu.)
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CHAPTER 2

Dynamics of the Ethanol Renewable Identification Numbers Market: An Analysis of

the Core and Inventory Values

2.1 Introduction

Federal policies have been the main drivers for the U.S. biofuel industry. An
important element ahe biofuel policy is the Renewable Fuel Standard (RFS), which sets the
minimum biofuel blending mandate. The RFS was created with the 2005 Energy Policy Act
(EPACT) and extended in the Energy Independence and Security Act (EISA). A critical
element of implementing the RFS involves trading credits known as Renewable
Identification Numbers (RIN). The RIN system was developed by the U.S. Environmental
Protection Association (EPA) to ensure compliance with the mandate. Like other
environmental regulationsnplemented using tradeable credits, rather than instituting firm
level production control, the RIN system was created to allow industry flexibility in meeting
the provisions set by policy makers. Specifically, the flexibility is generated by congjrainin
the total level of blending activity and allowing obligated parties to trade the blending rights
to more cost efficient firms. In the absence of trade barriers, trading credits should lead to an
efficient market outcome in which compliance costs ararusld at the margin across

obligated parties.
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At the beginning of 2013, the biofuel industry saw the market vale¢haholRIN*°
climb sixfold within weeks. Prices have since stayed volatile. If the RIN system is
supposed to be an effective mechanisrmanaging energy security and environmental goals
while maintaining market stability, should we not expect the price behavior of credits to be
more steady and even? To answer this question requires an understanding of the system and
the motives behindhe possible actions that obligated firms may choose. Given the large
fluctuation in recenethanolRIN prices, this paper examines the possible market forces that
could lead to this outcome.

Consistent with past literature, we show thttanolRIN prices essentially serve as
transfer payments between obligated parties and are used to subsidize additional ethanol
blending carried out by more cost effective partigs.key implication of the theoretical
model developed in this paper is that, in a worltheut policy uncertainty and a physical
blending limit, theethanolRIN market is likely to be driven by the level of heterogeneity in
regional blending economicsSpecifically, geographical discrepancy in prices of blending
inputs and the level of sulisitability between them are two possible factors that could
impact theethanolRIN market. Lastly, the value @thanolRIN inventories is analyzed to
better understand obligated part ietkandlRINCc o mp | i
prices.

The paper proceeds as follows. Sectiof @rovides a detailed overview of the motor
fuel industry and the RFS scheme. Sec®dhreviews the relevant literature concerning

ethanolRIN market. Sectio2.4 presents an analysis that considers the core vakibanol

5 Because over 95% of conventional biofuel RIN consist of corn ethanol, conventional biofuel and ethanol are
used interchangeably throughout the chapter.
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RIN. Section2.5 examines the inventp value ofethanolRIN. Section 6 discusses and
concludes.
2.2 Institutional Background
2.2.1 RFS1

The Federal RFS was first created in the EPACT of 2005. EPACT amended the
Clean Air Act (CAA) of 199 by adding a new provision to establish a national renewable
fuel program. This program is designed to drastically increase the volume of biofuel in the
pool of motor fuel gasoline sold in the United States, starting in 2006. EPACT directs the
Environmental Protection Agency (EPA) to oversee and regulate the program. Specifically,
EPACT requires the EPA to set an annual standard representing the amount of biofuel that
must be used by each obligated pRrtyThe EPA defines an obligated party as anytenti
that introduces gasoline blendstdtlo the motor fuel market. The standard is expressed as a
percentage of annual gasoline consumption projected by the Energy Information Agency
(EI A) . An obligated party’ s r e rcaendarhydaeis vol un

determined by multiplying its annual production or imports of gasoline blendstock by the

16Obligated partiesansist mainly of the 136 operaticgude oil refinerghat producegasoline blendstock in the

United States. Other entities that fall under the RFS obligations include importers of gasoline blendstock. The
biggest portion of obligated parties are large crude oil refiners, such as \@erocoPhillips, ExxonMobil,
Chevon, BP, and Shell

' Gasoline blendstock arenfinished motor gasoline intended for blending with oxygenatesomatic octane
agents to produce finished motor gasoline. Oxygenates inethdaolandmethyl tertiary butyl ther (MTBE)
Aromatic ocane agents are comprised mainly of benzene, toluene, and xylene.
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RFS of that yedf. Because the RFS is an annual blending requirement, obligated parties are
required to show compliance within 60 days after ofethe of the yeat.

Compliance with the RFS program is demonstrated through the acquisition of unique
RIN, which are generated and assigned by the biofuel producers or importers to every batch
of renewable fuel produced or imported. The system opergtelsebequivalence values
established by the EPA. For instance, following T&le mixing one gallon of corn ethanol
together with gasoline blendstock generates one gallon worth of blending credit for RFS
compliance purposes. In additional, once acgiliteese RIN can also be used by an
obligated party to either meet her requirements in the following year or traded in the open
market for use by another obligated party. Thus, in one sense, RIN form the basic currency
for the RFS program: for compliancieiture credits, or trades. The means through which
RIN trades occur are at the discretion of the parties involved, but may include open auctions,
direct contracts, brokerage purchases, or simple transfers. RIN have a maximtlifesifelf
2 years: RIN ot used in the year that they are generated will expire at the end of the
subsequent yealThus, the maturity of a RIN depends on when it was produced: the lifetime

of a RIN produced early in the year might be nearly a full year longer than one proateced |

18 The EPA elected to structure RFS compliance on a national collective basis for 2006. Under this approach,
obligated parties together, rather than an individual, were responsible fingnde statutory standard. In
addition, any collective deficit would be carried forward and applied as an adjustment to the standard for 2007.
This was a result of i) the absence of a RIN system for the EPA to monitor compliance in real time hand ii) t
EPA giving obligated parties more time to transition into the RFS program. Thus, individual obligated parties
were not required to demonstrate compliance with the RFS in that year. Any deficit from not meeting the 2006
RFS would be carried over to 200

% Rather than having the last day of the calendar year as the cutoff date, the EPA gives obligated parties two
extra months to demonstrate compliance. Because an underestimation of RVO by obligated parties can often
occur, the EPA reasons thhey should have more time to manage their annual volume requirement after a year
ends. Thus, technically speaking, obligated parties are given 14 months to demonstrate compliance for the RFS
in any given year.
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inthatyearFur t her mor e, no more than 20 percent
satisfied using RIN from the previous y&arIn other words, each obligated party is required

to usecurrent year RIN to meet at least 80% of its cursgmar RVO, with a maximum of

20% being derived from previoy@ar RIN.

While not mandated by EPACT, the provision to roll over excess RIN is created by
the EPA to provide obligated partfésvith compliance flexibility and a buffer in the event
that the prduction of renewable fuels are constrained. On the other hand, the cap on the
rollover is established to prevent RIN from becoming completely fungible across time. This
is likely done by design to prevent an indefinitely fungible RIN system would dségreu
and distort the production of renewable fuels over time.

2.2.2 RFS2

In 2007, the enactment of the EISA drastically changed the landscape of tfie RFS
standard. While retaining many of the main principles in RFS1, the new rules for
administering RF3 under EISA are different. First, diesel fuel intended for use in highway

vehicles, norroad, locomotive, and marine diesel was added to the transportation pool.

2 The constraint othe usage of RINaoss times widely known as the 20% RIN Rollover Cap.

2 An obligated party is subject to a maximum penalty of $32,500 ($37,500 for 2010 and thereafter) fiayeach
of violation, which is enforceable under the Clean Air AGAA), if it defaults for twoconsecutive years. In
other words, if an obligated partyns a deficit for one year, it must make up that deficit in the subsequent year
and, at the same time, fulfill the mandate for the subsequent {fdmre are only 2 cases of undelending
violation being reported by the EPA from 2006 to 2013.

2 An obligated party hathe option of complying with heRVO on an aggregate basis or on a facitify
facility basis

% Theexpanded RFS under EISArisferredto by many aghe RFS2while the initial RES established in 2005
is commonly known as RFS1.
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Rather than just gasoline, RFS2 applies to all transportation fuel used in the United State
Second, the mandated usage of biofuel under RFS2 is substantially higher than RFS1. As
Table2.2 shows, the minimum volume of biofuel to be used in the United States is raised to
36 billion gallons (Bgal) by 2022. Third, the RFS2 subdivides the bodéiel requirement

into four separate but nested categoresotal renewable fuel, total advanced biofuel,
cellulosic biofuel, and biomass based diesebch with its own volume requirement. Thus,
each obligated party now has to meet four differenéweable fuel standards instead of just
one. This implies that each party needs to acquire and balance different RIN types to
demonstrate compliance. Tall8 illustrates the nested nature of the biofuel cated@ries
Because corn ethanol (Type R) is idefl as the lowest tier among the categories of
renewable fuel, the surplus volume in either type C, B, or A biofuel can be credited toward
the requirement for corn ethanol. However, corn ethanol blended in Exokiis annual
requirement cannot be cieztl toward other categories of renewable fuel mandate. Due to
the fact that the annual conventional biofuel requirement is set at 15 billion gallon starting

from 2015, the RFS2 essentially places a soft cap on the production of corn ethanol while

* Due to the nested nature of the biofuel categories, any renewable fuel that meets the requirement for
cellulosic biofuel or biomasbased biofuel is automatically qualified for meeting the mandated eobirtotal
advanced biofuel. Likewise, any combination of cellulosic biofuel, biomass based diesetangathanol, or

other advanced biofuel that meets the requirement for total advanced biofuel is also valid for counting against
the mandated volumef total renewable fuel. However, since each biofuel category has its own volume
requirement, a category of biofuel can only be counted against other category of mandate if its volume is in
excess of its annual requirement. Moreover, due to the nested afrthese categories, a surplus volume of
cellulosic biofuel or biomass diesel can only be used to meet the total renewable fuel if the total advanced
biofuel requirement has already been met. For instance, given that an obligated party must folent;/jpés

of biofuel, if she was to exceed her annual requirement for total advanced biofuel, she could utilize the surplus
volume on meeting thotal renewable fuel, thereby reducing the need for blending corn ethanol to meet the
overall mandate.

% Com ethanol blended in excess is still eligible for blending credit. The blending credit expired after 2011.
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settinga strict floor on the production of na@orn based biofuel. Last, biofuels qualifying
under each nested category must achieve certain minimum level of lifecycle greenhouse gas
(GHG) emission performanteand be made from feedstock that qualify for thevne
definition of renewable biomass, including land use restrictions
2.2.3 Derivation of RFS and RVO

Under both RFS1 and RFS2 programs, compliance with the mandate is enforced on
obligated parties meeting the RFS. The years 2014 and 2015 notwithgtahdi RFS for
an upcoming year is normally published by the EPA in the Federal Register on a firfdl basis
near the end of November of the preceding year. Strictly speaking, the RFS is expressed as a
percentage of the forecasted petroleum based fueuogri®n in the specified calendar
year. Because RIN are the basic credits for showing compliance, an obligated party must
acquire RIN either by blending renewable fuel with petroleum based fuel, purchasing
renewable fuewithout blending, or by purchasirexcess RIN from other obligated parties.

Due to the enactment of RFS2, the method for calculating RFS changed after 2008. The

» Lifecycle GHG emission is the total GHG emission generated from all stages of fuel and feedstock
production and distribution, from feedstock geation to the use of finished gasolinewdrgrandfatheclauses

exempt somdacilities from the 20%riteria that state the lifecycle GHG emission of ethanol must be at least
20% less than the lifecycle GHG emission of the 2005 baseline average gtsaliiheeplaces First, ethanol

from facilities that eitheexisted or started constructigmior to December 19, 2007 aggempt from the 20%

criteria Second, providethat either natural gas or biofuel is used as processing input, ethanol frotreacili

that either existed or started construction prior to December 31, 2009 are also exempt from the 20% criteria.
These clauses reveal that facilities constructed prior to the end of 2009 are generally considered to be more
valuable by players in the indtry because they do not require additional investments to comply with the 20%
criteria for generating ethanol RIN.

n general, crops from forested land and virgin agricultural land cultivated after December 1R<20@M
as biomass obtagd from federal lanccannot be used as biofuel feedstoékefer to EISA (2007) and Noyes
and Martin (2010) for more details.

% To provide blenders enough lead time, the RFS for each upcoming year is announced on a preliminary basis
in the spring of th preceding year.
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calculation of RFS from 2006 to 2008 uses the formula stated in RFS1, whereas the
computation of RFS from 2009 and thereafterplys the formula maintained in RFS2.
Due to the fact that there is only one category of biofuel under RFS1, the RFS from 2006 to

2008 are calculated using the fornfila

Y "Ow

VoY 0 Y 00 YO ‘00

Thenumerator is the annual volume of renewable fuel required by EPACT from 2006
to 2008. The entire denominator can be interpreted as the pool of petroleum based
transportation fuel gasoline in this case that is subject to RFS1 Due to the small

refinery and refiner exemptidh the pool of applicable gasoline needs to be subtracted by

29'Y"0"Y Renewable Fuel Standard in yéar
Y"Ow Annual volume of renewable fuel required by EPACT (EISA from 2008) intyear
"0  Projected volume of gasoline consumption in the 48 contiguous states in year
'Y  Projected volume of renewable fuel consumption in the 48 contiguous statestin year
"O0 Projected volume of gasoline consumption in Alaska, Hawaii, or (and) a U.S. territory infytbar
state or territory opts in,
YO Projected volume of renewable fuel consumption in Alaska, Hawaii, or (and) a U.S. territory in year
tif the state or territory opts in,
‘D  Projected volume of gasoline production by exempt small refiners irt.year

% The calculation of the eligible pool of petroleum based transportation fuel takes into abegortjected
volume of gasoline and renewable fuel consumption in Aladkavaii, or (and) a U.S. territobecausdrFS
program ionly applicable to the 48 contiguous statétawaii opted into the RFS program starting from 2008.

% The small refinery and refiner exemption states that small refineries with crude procesgsiodycander

75,000 barrels per day, small refiners with fewer than 1,500 employees and crude processing capacity less than
155,000 barrels per day, or small blenders who annually handle and blend less than 10,000 (125,000) gallons of
renewable fuel are igible to be exempfrom complying with RFS. Small refineries are smadiapacity
refineries defined under EPACT, and could be owned by larger refiners that exceeds the small entity size
standards in Small Business Regulatory Enforcement Fairness Act BBRE96). Small refiners are small
business gasoline and diesel fuel refiners defined under SBREFA, which is enforced by Regulatory Flexible Act
(RFA). In determining whether or not a refiner qualifies for exemption, it must present the total number of
employees and crude oil capacity calculated from its subsidiary companies, its parent company, subsidiaries of
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the projected volume of gasoline production from eligible small entities. Because eligible
small entities do not have to comply with RFS, they are allowed to keep eatelydf RIN
that they generate from blending and sell it to the market for profit. The extra RIN generated
by these nowbligated parties can be viewed as additional supply to the RIN market, which
can be beneficial for undélending obligated parties whethe mandate appears to be
binding or short run ethanol supply is tight.

Each obligated party determines its renewable volume obligation (RVO), -oataro
share of biofuel, for a specific year by multiplying its annual petrolbased fel
production (APFP) by the RFS of that year. In other words, the RVO for obligated party

yeart is

Yo YOY¥YO0' Q) 08

where DC is the deficit carryover from last year if applicable. Note that RR8yisiged by

an obligated party as a mean to derive RVO, and is not the same as the ultimate percent of

renewable fuel in finished gasoline.

the its parent company, and its joint venture partner. Hence, the small refiner definitionisd@nwhereas

the small refinery definitioris facility-based. Smaller blenders are permanently exempt if their annual
renewable blending volume is less than 10,000 galldnthe blending takes place aew facilities small
blenders that blend less than 125,000 gallon per year are tempesaihpt for three years.A total of 21

small entities have been exempted under RFS2, down from 58 under RE%ilresult, theshare of gasoline
productionfrom small entities dropped from 13.5% in 2008 to 3.6% in 204ate that no small entities were
exempt in 2011.
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Due to the fundamental change in RFS2 to incorporate diesel fuel into the pool of

transportation fuel and expanddm a single standard to four standards, the formula for

calculating the RF% for 2009 and thereafter becomes:

Y O¥ ’

YOY . Rz 8 ’

YO ’

YO, ’

The numerator and denominator have the same interpretation as the one defined in RFS1.

The only differences are that diesel is added to the totdlgigetroleum products and that

each obligated party now has to fulfill four separate RVOs. The RVO df ¢hgegory for

obligated party in yeart is

2y "Ocy,
YOw j
'Y "0y
Y "6,
YO

Y "00

0
YO

00
YOO

00

Annual volume of cellulosic biofuel required by EISA in year t,

Annual volume of biomass based diesel required by EISA in year t,

Annual volume of advanced biofuel required by EISA in year

Annual volume of total renewable biofuel required by EISA in year t,

Projected volume of renewable fuel blended into gasoline to be consumed in the 48 contiguous
states in yeat,

Projected volume of renewable fuel blended into gasoline to be consumed by opt in state and
territory in yeatt,

Projected volume of diesel consumption in the 48 contiguouedrt,y

Projected volume of renewable fuel blended into diesel to be consumed in the 48 contiguous
states in yeat,

Projected volume of diesel consumption by opt in state antbtgrin yeart,

Projected volume of renewable fuel blended into diesel to be consumed by opt in state and
territory in yea,

Projected volume of diesel production by exemptlsreéineries in yeat.
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where! 0 &rw indudes both petroleurhased gasoline and diesel, @D@ is the deficit
carryover for category from last year if applicable. TheHS since 2006 is summarized in
Table2.4. In summary, both formulas for RVO indicate that the production of petreleum
based diel is endogenous in the RIN market and should be modelled accordingly. This is due
to the fact that obligated parties can alter their RVOs by adjusting their gbicodwof
petroleumbased fuel.
2.2.4 Mechanism of the RFS Program

RIN and RVO are the maimechanisms that the EPA uses to implement the RFS
program. RVO is the blending target for each refiner or importer of petrdiased
gasoline or diesel fuel, while RIN allows for flexibility in how each of them may choose to
comply. Following Figur@.1, RVO are incurred once obligated partiggoduce or import
petroleumbased fuel. Similarly, RIN are generated and attached to the physical gallons of
biofuel as they are produced and transferred to fuel storage terminals. After both types of
fuels regh the terminals, the RIN remain attached to rir@ewable fuel untithe fuel is
purchased by an obligated party or blended with petroleased fuel. At that point, the

RIN, representing the renewable attribute of the blended fuel, are separatedeffumysical

33 Both obligated parties and biofuel producers must register with the EPA and install a computerized
transaction system moderated by the agency. Obligated parties are responsible for reporting the -petroleum
based fuel productiolevel that they introduced into the market and their RIN transaction records on a quarterly
basis. Equally, biofuel producers have to report the amount of RIN they generated on a similar schedule in
order for the EPA to monitor RIN supply.
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renewable fuel, and the resulting blended fuel is loaded to the truck loading racks for retail
sal es. The separated RIN may subsequentl y e
RVO or traded in th secadary market.

While Figure 2.1 illustrates a simplified version of the motor fuel supply chain,
reality is more complex.Due to the heterogeneous nature of the motor fuel industry, the
roles that firms are able to play can differ considerably from one another. At one extreme,
there are firms that are fully integrated in the motor fuel supply chain and possess the
capability to refine, blend, and retail. Examples include renewable production facilities that
also blend and market motor fuel, or refiners who also own fuel blendinmédsrand retail
stations. At the other extreme, there exist firms that only specializpatidipate in one
segment of the supply chaiwhether it be refining, blending, retailing, or RIN brokering.
This leads to an important subject in regards tw bbligated parties can fulfill their RVO
under the RFS program. As it turns out, the pathways to RIN acquisition for obligated
parties depend on their level of integration in the supply chain.

By allowing obligated parties to fiilf their RVO through acquiring RIN, the RIN
market provides petrolewtmased fuel refiners and importers the flexibility to choose whether
or not to be directly involved in the blending of renewable fuel. The key to the compliance
flexibility originates fom the fact that there exists multiple ways to separate RIN from
physical renewable fuel. Specifically, as stated in the RFS provisions, RIN may be separated
from renewable fuel once it is sold to an obligated party or once the renewable fuel is
blended with petroleumbased fuel. Thus, following this guideline, the pathways for

acquiring RIN are dependent on obligated pa
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For fully integrated obligated parties, they have the options to acquire RIN byec}lyglir
blending renewable fuel, ii) by purchasing renewable fuel, selling the renewable fuel without
RIN to blenders, and retain the separated BiNii) by purchasing separated RIN on the
secondary market. An obligated party receives RIN in the first t@xause the RFS
provision states that separated RIN are awarded to the party that blends renewable fuel. For
merchant refiners or importers who only possess the resource to refine or import, only the
latter two options are available for them to acquri®&l. As a consequence, tisbare of
blending activities is passed along to either fully integrated refiners or j3hbés one can
see, regardless of the difference in the level of integration in the supply chain, there always
remains an option for oiglated parties to avoid either direct blending of renewable fuel or
purchasing separated RIN.

This is not to say that both the integrated and merchant obligated parties always face
identical compliance cost. When the margin for blending renewable eitblgumbased
fuel is high, direct blending is generally the most cost efficient way to comply with the RFS.
Since merchant obligated parties do not blend, purchasing physical renewable fuel or
separated RIN become their only options to cover their RWHOwever, both are costlier
options because of the transaction fees involved. Purchasing physical renewable fuel incurs a
storage fee while obtaining separated RIN comes with other intermediary fees. The latter can

be explained by the fact that separaiiN are usually involved in several changes of

34 Jobberamainly consist of marketing firms whose primary responsibilities are to blend and market motor fuel
in the retail market.Jobbers do natomply with the RFSbut they argequired to register and report their RIN
transactions if they wish to participatethe program.
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ownership before they are ultimately received by obligated parties. As with any type of
commodity, the price received by the intermediate party will generally not be equal to the
price paid by the ultimateser of the commodity. This is because intermediate parties will
generally charge a fee for their services, which can include either blending physical fuel or
aggregating RIN in the RFS program. The same logic applies to the RIN market: the prices
of sepaated RIN received by obligated parties will be higher the more times RIN change
hands. The magnitude of the intermediary fees or perceived price difference is contingent on
the competitiveness of the industry. Because fully integrated obligated plartnes pay for
storage, the compliance cost will only be the same for both when purchasing separated RIN
in the secondary market becomes the lone way to fulfill their RvO. One would expect to see
this happen only when blending renewable fuel becomes noegcal for the entire
industry. In that scenario, integrated obligated parties would only start to blend again if the
price of RIN surpasses the marginal cost of blending. Thus, in general, merchant obligated
parties face a higher compliance cost thalyfintegrated ones. Furthermorkeecause
intermediate parties are not subject to RFS reguldfiottee access to RIN is not always
aligned to a merchant obligated party’s RVO.
incentive for merchant obligateparties to store excess RIN hedge themselves against

unforeseen changes in the RIN market.

*1n 2010, EPA considered, but ultimately rejected, the alternative of moviRy@&ldownstream of refineries
and importers to those who supply finished gasoline at the retail level. This change would have resulted in a
more homogeneougroup of obligated parties.

79



2.2.5 Ethanol Blend Wall

The ethanol blend wall is a term used to depict the total amount of ethanol that can be
blended into gasoline. It is a technologdji@mit, but one influenced by regulation. The
blend wall exists because 10% is the maximum level of ethanol in motor fuel allowed to be
used in conventional cars. When the blend wall is reached, alternative ethanol blending
outlets need to be pursued enderd®. The outlets primarily include higher level ethanol
blends, such as E15 and E85However, these outlets currently face physical limits due to
distribution (i.e., not enough pumps at the retail stations) and qualifying vehicles (i.e.,
insufficient number of flexible fuel vehiclé8) As Table25 shows, given that the ethanol
blending percentages required by the RFS have either been close to or over 10 percent, the
blend wall has been essentially reached since 2012. This explains why thel &Hd
inventory has been falling and why the mandate has been binding since 2012. Judging from

past ethanol blending levels, the beginnatiganolRIN inventory for 2014 is in the range of

% An alternative for blenders is to reduce the need for blending ethanol by blending more biodiesel. However,
this option is likely not viable at the present because of high production cost and limited market acceptance.
Other likely choices are to import more sugarcane ethanol from Brazil or produce more sorghum ethanol.

The ethanol content in a gallon of motor fuel is i
85% gasoline blendstock. Likewise E85 @ins 85% ethanol and 15% gasoline blendstock.

®To prevent the ethanol industry fromaching the blend wall, EPpassed a waiver to increase the maximum
ethanol blended fuel that can be used in conventional vehicles produced after 2001 from 10 pdrsent to
percent. The number of conventional vehicles produced after 2001 coos$isiver 66 percent of the total
vehicles on road With the annual gasoline demand fluctuatirgween 135 to 145 billion gallons in the past 8
years, the actual blend wall with 10 percent maximum ethanol blending level is likely to be somewhere in
between 13.5 to 14.5 billion gallons of ethanol. With a 15 percent maximum ethanol blending level, the blend
wall is likely to rest somewhere in between 18.0 to 19.3 billion gatdérethanol. Given that 15 billion gallons

is the maximum level of ethanol required in the RFS, the blend wall should never be reached with a 15 percent
maximum ethanol blending level. However, since installing new infrastructures (e.g., new pumpsettilthe r
stations and new tanks in the terminals) for E15 and getting the automobile manufacturers toealleg of

E15 under warranties require timecén beexpected that blenders are still likely to encounter the impediments
stemming from the blend Wan the next two to three years.
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1.1 to 1.3 billion. Given that the blend wall has been readhesicreates motivation for
obligated parties to stockpilethanol RIN through either excessive blending or direct
purchase before thethanolRIN inventory is exhausted.

2.3 Literature Review

Because RIN have only been traded for seven yeargirieal research on the RIN
market has been sparse. Specifically, most research has focused on the dynamics in RIN
prices after 2012. A good place to start presenting the development of empirical analysis on
RIN prices is a series of articles written bwin (2013a, 2013b, 2014). Using price
information on biodiesel, biodiesel D4) RIN, and ethanol D6) RIN, Irwin (2013a)
concludes that declining biodiesel prices, the overall drop in RIN prices, and the delinking of
D4 and D6 RIN prices from July £82013 to September 802013 are all consistent with an
increasing market expectation that the EPA will write down the 2014 volume requirements of
conventional biofuel, which consists of mainly cdrased ethanol, to a level where the 10%
ethanol blend wall is no longer a concern. Irwin (2013b) further conceptualizes his
assessment by developing a model that calculates the subjective probability of D6 RIN
traders that the volume requirement on conventional biofuel will ultimately be reduced. He
assumeghat the D6 RIN price should be zero if the volume requirement in conventional
biofuel gets lowered from the required 14.4 to 13.0 billion gallons. On the other hand, if the
volume requirement is not adjusted, the D6 RIN price should be determined D% REN
price because of the blending gap between the E10 blend wall and the RFS mandate on
conventional biofuel. Using a joint probability approach, he concludes that the D6 RIN

traders appear to believe that there is about an 80% chance that the EHfwately write
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down the volume requirement on conventional biofuel to 13.0 billion gallons. He attributes
the sizable decline in D6 RIN prices from $1.48 in July, 2013 to $0.25 in September, 2013 to
this subjective market expectation. Revisiting tessie in August, 2014, given that the price
ratio between D6 to D4 RIN has averaged above 0.90 from June to July of 2014, Irwin
(2014) further comments that the RIN traders seem to have had a change in heart and believe
that the EPA might restore the volanrequirement on conventional biofuel from the
proposed level back to its statutory level.

Adopting a traditional event study framework, Lade et al. (2014) estimate the effects
of changes in fuel blendstock and feedstock futures and ¢lvezes of interest on the prices
of the 2013 vintage RIN, with the sample period ranging from August 2012 to Aprit®2014
They model RIN prices as a function of both expected fuel costs as well as expectations
regarding the future stringency of the RFBae three fuel blendstock and feedstock futures
prices chosen are WTI crude oil futures, ethanol futures, and soybean oil‘futiiies three
events of interest are i) the release of the 2013 RFS final ruling published in August 2013, ii)
a leaked versio of the 2014 proposed RFS published by Reuters in October 2013, and iii)
the official release of the proposed 2014 RFS by the EPA in early November 2013. In the
final ruling of the 2013 RFS in August, the EPA states it anticipates that adjustments to the

2014 volume requirements are likely to be necessary due to the 10% ethanol blend wall. In

¥Since 2011, the option of trading a “next year” RIN
prices ranges from August to December of the previous compliance year. Thus, the complete time series of a
specific vintage generated after 2011 range from August of the previous year to the end of next year, roughly

883 calendar days. This price can be viewed as the futures price of the vintage that are about to be generated.
Nonetheless, the exact contrdetails of these future contracts are not generally specified and well understood.

40 Soybean oil futures are used as a proxy for biodiesel prices
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the version leaked by Reuters in October, the volume requirement of conventional biofuel is
said to be cut from the required 14.4 billion gallons under the RF&2alegl level to 13.0

billion gallons in an initial proposal from the EPA. In the official release in November, the
EPA proposed to reduce the volume requirement of conventional biofuel from the legislated
level to 13.01 billion gallons, which markise frst time that the agency has sought to place

the required total renewable fuel below the legislated targ¥éthile none of the coefficients

on futures prices are statistically significant, the signs of the point estimates are consistent
with their theoetical framework of one national blending market. Specifically, their results
indicate that a one percentage increase in WTI futures decreases D6 RIN prices by 0.40% to
0.46%, a percentage increase in ethanol futures increases D6 RIN prices by 0.185%0to O.

and a percentage increase in soybean oil futures increases D6 RIN prices by 0.56% to 0.60%.
On the other hand, D6 RIN prices are found to experience large and significant decreases in
their values following the August EPA release. Precisely, D6 [itlbes are estimated to
decrease by 11.3% to 13.6% on the release day and decrease by 41.1% to 47.5% within 2
trading days after the release day. They are found to recover slightly afterward, ranging from
11.1% to 17.8% within 3 trading days. Howevekg tksults after the initial 3 trading days

are not found to be statistically significant. The estimates on the announcement effects of the
two other events are found to be only statistically significant for the first two days after the
events occurred. pgcifically, the D6 RIN prices are estimated to decrease by 13.5% to
14.4% on the October release day of the Reuter article and decrease by 17.7% to 19.3% one

day after the official release of the 2014 RFS proposal in November. In sum, they find that
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the largest drivers of RIN prices have been policy announcements that either hinted or
confirmed the reduction in the proposed volume requirements of future RFS.

Knittel et al. (2015) estimate the extent to which RIN prices assqd through to the
prices of obligated wholesale petroleum blendstock. Similar to a study conducted by the
EPA (Burkholder (2015)), they first deduce the price difference between wholesale
petroleum product that is obligated under the RFS and a siwvhialesale product that is not
obligated by examining the prices of wholesale petroleum products that are used
domestically and of similar ones that are exported to Europe. The rationale behind using this
methodology is that petroleum products that ardimkx$ to be consumed abroad are not
obligated under the RFS. Next, they regress the calculated price differences on RIN prices to
estimate the longun pass through of price movements in RIN to the prices of wholesale
petroleum products. Using daily spmice$* from January ¥, 2013 to March 31 2015,
they find that roughly 0.78 to 0.83 of a change in D6 RIN prices is passed through to the
prices of obligated wholesale gasoline blendstock within the sample period. When they
include D4 RIN prices anthe price spreads between obligated andotdigated biodiesel
products in their pooled regression, the pass through coefficient is estimated to be 1.01 with a
standard error of 0.12. They also examine the shortpass through dynamics between
movemens in RIN prices and the price spreads between wholesale petroleum blendstock.

While the results on price spreads between wholesale gasoline blendstock are not significant,

*L For price spreads that required the use of N.Y. Reformulated Blendstock for Oxygenate Blendii) (RBO
prices, the authors chose to use prempnth futures instead of spot prices for the RBOB. All other price
spreads are calculated using spot prices. The authors did not specify the reason for using RBOB futures instead
its spot prices.
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the pooled regression containing biodiesel price spreads and D4 RIN prices itigitat@1

of the movements in RIN prices get passed through to the price spreads of wholesale
petroleum blendstock in the first day, rising to about 0.90 after five trading days. Lastly, they
also examine the pass through of D6 RIN prices to the prieadmf retail E85 to retail

E10. They found the pass through to be approximately zero if one adjusts for sed&onality
Because obligated parties who produce E85 generateDGoREN than is required on a per
gallon basis, this result of high6 RIN prices not translating into lower E85 prices suggests
that they are not passing on 6 RIN payments to drivers.

In summary, recent academic research on RIN prices attributes RIN price fluctuations
since 2013 to the E10 blend wall as well as policy devesopenregarding the direction of
future RFS. This paper complements the current literature by providing an alternative
approachto quantifying the drivers of ethan8lIN prices. Specifically, while taking into
account policy uncertainty, this paper pra@sda theoretical treatment of why regional
blending input prices should be considered in quantifying price movemeatsanolRIN
prices. Moreover, this paper provides an analysis on the long term value of reslthngl
RIN inventory, which is differet from the current academic emphasis of the shuort
announcement effects @thanolRIN prices. Lastly, rather than only examining recent price
data, all available historical price and blending data are utilized in this paper in an attempt to

shed mordight on the possible factors affectiethanolRIN prices.

“The pass tlough is estimated to be roughly 0.30 without adjustment in seasonality.
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2.4  Core Value of Ethanol RIN
2.4.1 Basic Theory

We begin with a discussion of the numbers behind the RBi8er than illustrating
the fact that balancing RIN for each of the fourfbé subcategories is critical for obligated
parties to comply with annual EPA rulings, Tal@d tells one very little of the policy
implications for the ethanol market. One way to look into these numbers is to assume that
the RFS for the three subcateigs of advanced biofuel are just binding in every time period.
This simplifies the interpretation of RFS, as the possibility that excess advanced biofuel RIN
can be exercised to cover the RVO for conventional renewable fuel is effectively eliminated.
Moreover, this allows one to examine the RFS1 and RFS2 as a whole and concentrate on the
ethanol requirement implied by the RFS program. The assumption is not entirely
unreasonable because the EPA has had to adjust downward the standards for the advanced
biofuel, cellulosic in particular, to ensure that the blending requirement meets actual
production levels. The apparent difficulty in producing advanced biofuel as blendstock
suggests that producers in this particular renewable fuel industry are moretdikjeist
manufacture the volume required by the RFS. Furthermore, the fact that there is abundant
conventional (D6) RIN inventory suggests that advanced renewable RIN are not likely to be
used by obligated parties to fulfill their RVO for conventional engable fuel. This
reasoning is based on the categorical ranks of the RIN types: D6 RIN will always be used
before other categories of RIN because of its limited applicability in compliance.

Assuming that the above assumption holdfetter representation of the ethanol

requirement implied by the RFS is the blending percentage of ethanol. ZIakleows both
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the required and actual blending percentage of ethanol, which are derived by dividing both
the conventional RVO and ethanolnsomptiofi® by total motor fuel supply, respectively.

As one can see, the implied RFS on ethanol blending was never binding prior to 2012.
Nonetheless, ethanol (D6) RIN prices had also never been zero during that period. Prior to
2008, the ethanol R were traded for roughly a penny per gallon. Since ethanol blending
exceeded the mandated level prior to that year, one can interpret the price to be the
transaction cost stemming from the administration expense of trettiagolRIN. The time

series plat of different ethanol RIN vintages are displayed in Fig@r2 and2.3. The price

of ethanol RIN were higher in 2008 and 2009 and rose to as high as 17 cents per gallon in
2009. Unsurprisingly, 2009 is among the years before 2012 in which the ethemihg
requirement was close to being binding. If ethanol is already economical to blend up to or
above the level required by the RFS program, as was the case for ethanol from 2006 through
2011, one would expect tleghanolRIN prices to be close to zerd he fact that one does not
observe that leads to the question of what are the driver forces behiethdm®l RIN

market.

In static theoryethanolRIN only has values if obligated parties would rather use it to
fulfill their conventional RVO insteadf purchasing or blending ethanol. This happens when
the value of ethanol to obligated parties is lower than the cost of producing ethanol. In other
words,ethanolRIN has value when the RFS is binding. This occurs when market conditions,

such as higleorn price or low crude oil price, make ethanol less competitive or more costly

*® Over 98.5% of the conventional renewable fuel production in the United States is composeebaedrn
ethanol.

* EthanolRIN credit started trading in 2007.
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to blend with gasoline blendstock. A binding RFS creates a disequilibrium or gap between
ethanol demand and supply. In this case, obligated parties need to purchase anote eth
than they would otherwise. However, obligated parties also have the choice of purchasing
separate@thanolRIN to fulfill the mandate. Obligated parties will usgaanolRIN to cover

their RVO if the cost of separatezthanolRIN is less than thealue lost from buying
ethanol. Due to the increasing useetifanolRIN, the price ofethanolRIN will rise to a

level at which obligated parties are indifferent between usihgnolRIN or buying ethanol

to meet their obligations. In other words, &ndge should force the price ethanolRIN to

be the value that obligated parties will pay at the margin ®ritfht not to blend ethanol.

This value should equal the difference between ethanol supply and demand prices. Ceteris
paribus, an adverse qup shock (e.g. short corn crop) will increasthanolRIN price,

where as a positive demand shock (e.g. high petroleum price) will put downward pressure on
it. Thus, as Figur24 illustrates, the price @thanolRIN should reflect the gap between the
supply and demand prices of ethanol when the mandate is binding.

Future expectations of the ethanol demand and supply situations also affect the
determination of current perioethanolRIN prices. Suppose thethanolRIN price for the
current period is @50/gallon. Further suppose that obligated parties expect a huge corn
crop next period such that their expecetdanolRIN price for next period is $0.10/gallon.

In this case, they will have an incentive to use the baekieanolRIN accumulated from
previous periods to maximize the valueedfanolRIN or minimize their cost of blending.
Assuming that the bankexthanolRIN are enough to fulfill the mandate in both periods, the

ethanolRIN price for this period will likely be driven down to roughl9.$0/gallon. This is
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because the utilization ethanolRIN will effectively shift the mandate to the level at which

bl enders are indifferent bet ween wusing thei
banking them for future obligations. Conversefypbligated parties anticipate a binding

RFS next year, they can stock up metieanolRIN this year and sell in the following year.

As a result, theethanolRIN price for this year is going to increase because there asr less
available current yeathanolRIN. This logic is reflected in Figur25.

Aside from policy uncertainty, as thethanol RIN prices from 2008 to 2011
illustrates, it is possible thathanolRIN still hold value even when the aggregate blending
data shows that the RFS is clearbt binding. One possible explanation is that geographical
price discrepancies in ethanol and gasoline blendstock may exist between different regions.
This is especially true for ethanol because transporting it from the Midwest Regiather
parts of he country can often be costly. In fact, frece of ethanol on the east and west
coast typically are well above those in the MidweBecause ethanol cannot be transported
by pipelines, the only other options for shipping it include rail, truck, angebaCurrently,
over 70% of ethanol is shipped by rail for long distances, as it is the least costly of the three.
In a study conducted by the EPA, the cost for shipping ethanol by rail ranges from $0.13 to
$0.42 per gallon without congestion. Addimgthe fact thatvholesale gasolinblendstock
price is also dependent on proximity to ports and petroleum refining fagilitisdikely that
geographical discrepancy in the price spread of the two blending inputs can greatly affect the
ethanolRIN market. Thus,due to the cost of transporting ethanol, instead of blending it,

some obligated parties may find it more cost efficient to purcettsnolRIN from other

> Over90% of ethanl is produced in the MidwedRegion.
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obligated parties who are located closer to ethanol production sites. It may alsacagethe
that some obligated parties may find it less costly to sthipnolRIN to an ethanetieficit
area than to ship ethanol.

Figure 2.6 illustrates the plausible theoretical linkages between ethancéthadol
RIN markets when a price discrepancy ocdugtveen two blending regions. Assume that
the price of ethanol differs in the two regions due to ethanol transportation costs.
Furthermore, assume that ethanol supplies in both markets are perfectly elastic.
Additionally, suppose that the RFS is bindimgthe high cost region. The withetrade
initial equilibrium ethanol blending is Q" for the low cost region andgQ" for the high cost
region. The required RVO volume is ai€for the low cost region and ai@" for the high
cost region. Due toompetition, the excessthanolRIN, Qg}, in the low cost region are
transferred costlessly to the high cost region. This essentially pushes the effective RVO for
the high cost region from @’ to Qua® If no further trade takes place, then the low cost
region blends ethanol atg@ while the high cost region is forced to blend afa®
However, due to a higher ethanol price, obligated parties in the high cost region have
incentives to acquire moerthanolRIN from the obligated parties or blenders in liv cost
region. In fact, obligated parties in the high cost region will &iyanolRIN and pay for the
right not to blend ethanol until they become indifferent between usingnol RIN or
blending ethanol to meet their RVO. This results in the leandihg region moving from
Qes' to Qs and the high blending region moving from,3to Qza . The effective RVO
requirement for the high cost region becomasmor Qza. The resultingethanol RIN

trading volume moves fromdto the equilibrium level @. R is the equilibriumethanol
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RIN price that obligated parties in the high cost region face when they become indifferent
between usingthanolRIN or blending ethanol to meet their RVO. As one canetbanol
RIN demand ([Ra) is merely derived fronthe ethanol demand in the high cost region, while

ethanolRIN supply (&s) is simply derived from the negative of ethanol demand in the low

~

cost region. The resulting shaded area,0° 0 z 0° , represents the transfer

paymentrom high cost to low cost region. One should expect the priethaholRIN to be
higher if the competition assumption does not prevail. In that case, obligated parties in the
low cost region would charge a price for every batch of exetsmolRIN they separate.
Consequently, thethanolRIN supply function would rise from the origin instead of'Q
thereby generating a | arger blender’s surplu
2.4.2 Comparative Statics

A patrtial equilibrium, multimarket maa is developed through the graphical theory
from the last section to examine the implications of the vertical structure among relevant
markets in the motor fuel industry. Assume that there exists both an ethaneblamding
(high cost) region and arver-blending (low cost) region. Further assume #taanolRIN
are always less costly to trade between regions than ethanol. Moreover, all obligated parties
in both regions are assumed to have the resources and capability to blend ethanol with
gasolineblendstock. Thus, obligated parties are the actual blenders, and no intermediate or
nonobligated parties are assumed to exist. Finally, assume that the difference in the level of
ethanol blending between the two regions can be attributed to regioniry lehigher
blending margin than A. The market equilibrium of this competitive motor fuel industry can

then be written as follows:
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The motor fuel industry in region A is expressed with equatiQdg fo ¢®). F, G,
and E denote quantity of motor fuel, gasoline blendstock, and ethanol, respectivel\s
represent prices, andis the ethanol transportation cosR is the quantity othanolRIN
traded, andM is the implied RVO from the RFS.cd) presents the motor fuel demand
function with a multiplicative exogenous demand shifter(¢&) displays the industry total
cost function, which is assumed to be characterized by comstants to scale. ¢R) also
indicates that the effective ethanol price received by obligated parties in region A is deduced
by taking into account oéthanolRIN price and the cost of transporting ethanol from
production sites (i.e., Midwest).¢.Q) ard (¢.4) are the conditional demands for ethanol and
gasoline blendstock, respectively¢.g) is the ethanol supply function, and.q) is the
gasoline blendstock supply function. A multiplicative exogenous supply shifter, , is
included in each functiong(7) shows that obligated parties in region A blend less than the
level of ethanol mandated by the RFS. Specifically,is the RVO mandated by the RFS,
and'Y is the amount of excess separagtdanolRIN that obligated parties in region A
needs in order to cover for their shortage in renewable fuel blendirg) irfdicates that the
RVO for region A is generated by multiplying the RFS, Torby the petroleurbased
gasoline introduced to the market. Wite exception of ethanol blending level, an identical
industry structure, which is expressed with equatiqr®) ¢o .16), is assumed for region B.
(c.15) states that obligated parties in region B bi&nhdevel of ethanol more than they are
requred to under the RFS and sell exceggnolRIN in the secondary market.

Totally differentiating the system of equations yields
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The—"are the price elasticities of demand,s ar e t he pr i cg selaarset itchie
Hicksian elastities of substitutioff, I’ s are the <cost shares of
blendstock in motor fuel productior- s are the volume shares o
ethanolRIN purchasing in RFS compliance, and s ar e the price share
trangortation cost, and blending credit in gross ethanol pricastly, 0 Qd ¢ dQand
0 Q& £€0QIn all, the exogenous variables include the parameters, the demand and supply
shifters (&' s, ‘asaj, the ethanal’” g),anspdrtitahtei oRF
Eliminating @.892and @.16eby substitution leaves the system just identified, as there are 14
unknowns in 14 equations. The reduced form solutions to the equilibrium prices in the
system are reported in Talilé.

The sgns of the reduced form solutions are deduced by assuming the condition that
the input demand functions are homogenous of degree zero in prices. Moréoser,and €' s
are presumed to take strictly negative and positive values, respectively. In addiemol
and gasoline blendstock are assumed to be gross substitutes in both regjons:or In
general, the ambiguity in signing the exogenous effects can be resolved by employing the
adding up restrictions in shares, namily, | 1 ph— 7§ — 5 phvé @ ;
— i P, while setting- - p, and p for both regions. Note that the

solutions are based on the assumption that the initial quantity equilibrium for ethanol

blending in comparison to the required RVO is lower for region A and higher for region B.

“® The Hicksian factor demand elasticities are as follews: I 2, ,— Nz, - Il z,, and
- mz,.

v —and—  —. The two condibns denote the initial ethanol blending situation in both regions.
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The comparative static results illustrate the additional market linkages and potential
consequences that can take place in a motor fuel industry withthlenl RIN market.
Beginning with the RFS, an exogenous increase induces an increase in sephaaak N
demand for region A and a decrease in sepaetteaholRIN supply from region B. As a
result,ethanolRIN price increases, raising the demand thaaol and lowering the demand
for gasoline blendstock in region A. This increases ethanol price and decreases gasoline
blendstock price in region A. On the other hand, as long as region A is blending below its
required RVO, region B continues to blentasupplyethanolRIN to region A. Arbitrage
forces both regions to blend ethanol up to the point where the pretbafolRIN equal to
the cost of not blending in region A. Inclusive of #tkanolRIN payment from A to B, this
results in a higher pze of motor fuel in region A and a lower one for region B. In essence,
the sale okthanolRIN serves as a transfer payment from region A to B for the right not to
blend ethanol in A. Both regions are better off in terms of economic costs: Region B
receves ethanol RIN payment for its blending service while region A minimizes the
compliance costs of blending above its equilibrium level.

Other exogenous effects work through similar channels. For instance, an exogenous
increase in fuel demand in region Aitiates surges in gasoline blendstock and ethanol
demand. However, this shifeshanolRIN demand to the right because RVO depends on the
production level of gasoline blendstock. Furthermore, region A is already blending at a level
lower than the mandead level, indicating that more deficits in RVO will be created for every
additional gallon of motor fuel being produced in the region. With a higtiemolRIN

price, region B will increase ethanol blending up to the point where the price matches the
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wedge between ethanol demand and supply in region A. On the other hand, an increase in
fuel demand in region B generates an entirely opposite result. The reason stems from the
assumption that region B has a higher blending percentage than the one impiedRRS5.
Thus, more excessthanolRIN are generated for every gallon of motor fuel being produced
in region B. This lowers thethanolRIN price and consequently drives down the motor fuel
price in A.

An interesting case to consider is when ethama gasoline can no longer be
substituted for each other in one of the regions or both. In other word8, implying that
the motor fuel production technology effectively becomes Leontiff. This occurs when the
ethanol blend wall is close to being ashalready been breached, as the amount of ethanol
that can be physically blended is effectively capped. Another possibility is that the blending
ratio maybe prohibitively costly to alter in the short run. Using the production of gasoline
blendstock asraexample, an exogenous increase in the blendstock supply in region B,
perhaps brought about by technological advances in crude oil extraction, should increase the
demand for the blendstock and lower the demand for ethanol in the region. However, if the
blending ratio cannot be adjusted freely in the short run, output effects generated from the
cost reduction in the form of lower blendstock price ensures that more ethanol will be
blended. Thus, instead of a leftward shifethanolRIN supply, the oppo& occurs, driving
down theethanolRIN price and the motor fuel price in region A. In the case where ethanol
blending is constrained in both regions, the results also reverse for some of the markets. For
instance, an exogeno nsupplymexpectedte lowethanalRINgi on A’

price, thereby lowering the motor fuel price in A and raising the motor fuel price in B.
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However, when the blending ratio is fixed in both regions, prices in both blending inputs
increase. Specifically, even thgluthe use of ethanol in region A is expanded through the
resulting output effect, more RVO are also created given the increase in petroleum
blendstock usage. Because the blending ratio is already below the required level in region A,
ethanolRIN demand nevitably shifts to the right. On the other hand, even though the
blending mix is fixed, more excesthanolRIN can still be supplied and traded from B to A.
This results in a highezthanolRIN price and a lower motor fuel price in region B. Due to
the compliance design of the RFS, the cost reduction in region A is passed on to region B

In sum, the theoretical results illustrate tedtanolRIN payment serves as a transfer
payment that obligated parties will pay at the margin for the righttoxdolend ethanol.
BecauseethanolRIN is merely an artificial wedge driven by the disequilibrium between
ethanol demand and supptiie value ofethanolRIN mainly hinges on the cost of blending
inputs, technology employed by obligated parties, antetred of available separatethanol
RIN. More importantly, a key implication of the model is that, in a world without the
existence of blend wall and policy uncertainty, étleanolRIN market is likely driven by the
level of heterogeneity in obligatedpies. AethanolRIN market would be of no practical
use for the obligated parties if they all faced identical cost structures and had access to the
same market information. This would leave no room or opportunity for obligated parties to
arbitrage andmprove upon their costs.Furthermore, as indicated by the theoretical results,
although the linkages to other markets are shown to be extensive, the price effects that the
ethanol RIN market can feed back or pass through are likely limited for the igasol

blendstock and motor fuel markets. This is mainly due to the low level of ethanol blending

98



share in the current U.S. motor fuel industry. Lastly, the model assumes obligated parties
can only fulfill their RVO by either blending or purchasing sepdrattanolRIN. However,

in reality, there might be other options. Given the fact that obligated parties are also
producers of petroleum based fuel, one such option is for them to directly increase the prices
of their gasoline blendstock in order to reepwheir ethanolRIN costs. An immediate
subject related to this is the ultimate recipient of the blending rent and compliance cost.
Because competition is assumed in the model, the comparative statics aléihafaslRIN

cost and blending rent to begsed down to drivers based on the conditions in input and
output markets. Obviously, the way in which the cost and rent is distributed among obligated
parties and drivers depends on the price elasticity of demand for motor fuel in each region.
However,if non-obligated parties are the blenders, obligated parties can completely pass on
ethanolRIN cost or retainethanolRIN separating rent if they have the market power to
determine input prices. In this case, obligated parties in region A will charggher h
gasoline blendstock price inclusive of the felhanolRIN cost to blenders while obligated
parties in region B will simply separagéthanolRIN and sell ethanol without a discount to
blenders. In this scenariethanolRIN trade still gets carriedut, but the full burden of
compliance cost is passed on to blenders and drivers in region A, and obligated parties in B
appropriate theethanol RIN payment. Whether or not this is feasible rests on the

competitiveness of the input markets.

99



2.4.3 Empirical Analysis
2.4.3.1 Empirical Model and Approach

First assume a motor fuel industry in which the price of ethanol and gasoline
blendstock are exogenous in gthanolRIN market. For simplicity, assume that is the case
because the supplies fboth blending inputs are perfectly elastic. Utilizing the theoretical
model constructed from the last section, empirical versions of the demand and supply for

separate@thanolRIN can be specified as follows

Yo I 1 0f 1 0f | 0 | & - P X
Yi T 1T0s 10 105 16 #h B Y
where t=1,2, 3 ... Si mil ar R RX andZedenote quantitieson f r o1

tradedethanolRIN, prices, a region A demand shiftef)(and a region B demand shifte) (
Subscriptsr, e, g, a, and b correspondingly represergthanol RIN, ethanol, gasoline
blendstock, undeblending region, and owdaending region. Following the theory, the
reduced form parameters T | T, | M, and| 1. Conversely, due to the fact
that the supply for excesthanolRIN is really the negative of the ethanol demand in the
overblending region, opposite signs are expected for the corresponding reduced form
parametes,; ,T ,I ,and ,in the supply equation.

BecauseethanolRIN quantity and price are jointly determinadhe would preferably
estimate (2.17) and (B3) using two stage least squares. However, because dethaoiol

RIN trading wlumes are not available, the focus instead turns to the equilibrium price.
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Assuming that the market fagthanolRIN trading always clearsY(; 'Y ), equating

(2.17) and (2.8) yields
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The term’ is a composite disturbance comprising bethanolRIN demand and supply
shocks. Similarly, the intercept contains demandnd supply intercepts. In the absence of
data on equilibrium trading quantity, the partial derivatives on the right hand side should still
reveal information regarding the potential effect of blending input prices and demand shifters
onethanolRIN price

We now turn to the issue of whether or not ethanol and gasoline blendstock prices
should be considered endogenous. The question comes down to whetheztbamaRIN
prices pass through to wholesale gasoline blendstock and ethanol prices. ohstdsied,
there exist distinct possibilities f@ethanolRIN payment to be endogenous. For instance, if
merchant petroleum refiners react to changestivanolRIN prices, they will respond by
increasing the wholesale prices of their gasoline blendstortcover the cost of purchasing
ethanolRIN. Equally, they can purchase ethanol with attactbdnolRIN, separate them,
and sell the physical ethanol with an additional markup equal to the catsiaoIRIN. The
latter is a lesser concern becauséhbwholesale ethanol with and withoethanolRIN are
almost always offered for sales in blending terminals. Consequently, blenders can always
purchase ethanol witkthanolRIN if they observe an increase in the price of ethanol without

ethanolRIN. Inthis case, it will be difficult for refiners to recoup the cosetbfanolRIN by
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raising the price of physical ethanol. Thus, the endogeneity bias stemming from ethanol
prices can most likely be avoided by using price data on ethanol wehwartolRIN. On

the other hand, gasoline blendstock prices are more problematic because all of the blendstock
produced or imported are subject to the RFS.

In a study by the EPA (Burkholder (2015)), the questioetb&inolRIN price pass
through is examined and a#gdsed. They assess the linkage betve¢ieanolRIN prices and
wholesale gasoline blendstock prices by evaluating the price spread between gasoline
blendstock that carriesthanolRIN obligation and blendstock that does not. They reason
that if a price pread exists and equals th#manolRIN price, then it would provide evidence
that refiners are able to endogenize the codtlednolRIN. They end up finding a strong
correlation between the price spread of blendstock sold domestically and that éstdid&n
exported to European markets, leading them to conclude that obligated parties are generally
able to recoup the cost @thanolRIN by charging higher prices for their blendstock.
Subsequent econometric analysis by Knittel et al. (2015) confimsangg por t s t he
conclusion. To address this endogeneity issue, crude oil acquisition cost is chosen to
instrument gasoline blendstock prices.

Utilizing the theoretical results from last section, the expected signs of the
coefficients are indated in Bble2.7. They are expected to hold as long as the motor fuel
demand and input supplies are strictly inelastic (  ph ph p

Although the endogeneity issue betwesthanolRIN price and prices of blending
inputs are resolved, the correlation between the blending inputs remains a potential concern

to be tackled. Upon examining the availableaddtcan be verified that the prices of the two
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blending inputs are highly correlated. This is not surprising due to the fact that the demand
for ethanol is closely associated with the demand for gasoline blendstock. They are, at some
level, complementy inputs, as ethanol cannot be effectively used or sold at retail markets
without being blended with gasoline blendstock. Thus, multicollinearity is expected to exist
if both prices are in the same equation. To address this issue, we resort to upincethe

spread between the two. Bgmbining both price terms in.@), we get

The price sprad is utilized because it can be viewed as the relative price benefit of blending
ethanol. This measure should arguably be more associatedethigimol RIN price.
However, this comes with a cost, as it is now more difficult to determine the expected sign
of the two parameters; the reason being that there is no way to identify the sources of shocks.
Algebraically, if shocks occur in both input markets at the same time, the signs on both
margins are negative if the blending inputs are gross substitdtasever, the opposite will
be true if the blending inputs are gross complements. This makes sense intuitively because
gross complements require less price premium in order to be produced together.

To incorporate uncertainty and future expectation ih@® eémpirical framework, a

probability hddegnefs®f ut20) dhadasgr at ed i nt o ( 2
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%o represents a probability index that the aggregate mandate is binding next Jdre
empirical measure dkofor each of thé'Y p periods is generated using a rolling window
one step forecashat is based on past aggregate blending activitide first state that the
probability that blending is below the RFS required levelheraggregate mandate not being
binding, can be written conditional on the time T information iget, If we assume thab

follows a normal distribution, we can write the following expression:

00T @& ® sm 007 -A —q)
00T -A
001 @A

For us b calculate this probability regime estimates of the mean and varianee of

conditional orm , we assume» follows an AR(1) process.

Thus,
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Consequently, the best linear predictowof conditional o is

Ow 9 O w W (0

This means that we can ude to estimate the conditional mean. Given that the last

observation iso , we expect

The conditional variance @ can be given as

W 9 wlre - 9
WWE 9 ”
Therefore, the estimate of the variance Wi I Wwwin ) =, . After

substituing the estimated conditional meamdavariance into the cdf, the probability that the
mandate is binding next peri@an be derived by calculating 1 . The procedure is done
repeatedly to generate a probability intféer everyT+1. The rolling window is set to equal

t o t he RInNshalflifernb24 manths.

“8 T indexes month in our estimation.
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The time series plot ofois shown in Figure2.7. In essenceékois an index that
generates predictignbased on past aggregate blending activity, on whether or not the RFS is
expected to bind next period. It is multipliéy the explaatory variables in (21) to
indicate the importance that blending margins and demand shifters should hetrecol
RIN prices. If the RFS is not likely to bind next period, the effects that each explanatory
variable can have should be dlmaand should be weighed accordingly. This makes sense
becauseethanolRIN prices are asset prices and embody future expectations. Thus, they
should be viewed more as future prices. Because of how the RFS program is structured,
obligated parties do ndhave to show compliance in the current compliance year until the
February of next year. Thus, it is likely that parties involved in the program may ultimately
view ethanol RIN prices as compliance costs that are official only at the end of the
compliane year.

Two additional regressors are also included in the model: biodiesel (D4) RIN price
and a sheltlife indicator. Because of the hierarchy of the RIN system, biodiesel RIN can
serve as a substitute for obligated parties to fulfill their convealtiRIN obligation. This
occurs when the implied percentage of required ethanol in motor fuel is higher than the
percentage that obligated parties can blend. In this scenario, obligated parties can only use
biodiesel RIN to comply with the standard, beyt are the only renewable fuels produced in
excess of the requirement. As shown in FigBr@ ethanol RIN prices have tracked
biodiesel RIN prices closely ever since 2013, which is the starting year that the implied
percentage of ethanol in motor fuekgasses the blend wall. Furthermore, because RIN has

a shelflife of 2 years, its value should decrease as time elapses. Thus, a time variable that
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counts the number of leftover weeks before vintage expiration is included to capture the time
effect on pices.

It is difficult to identify who the buyers and sellers of separatthnolRIN are.
Upon surveyinghe available data, it appears that buyers and sellers could be separated out
by the U.S. petroleum administration for defense districts (PADDE)e map of U.S.
PADDs is shown in Figur.9. Figure2.10 shows the ethanol blending quantity versus the
required RVO for each PADD district over time. As one can see, actual ethanol blending has
always fallen short for PADD 3 and 4 while the oppos#tdrue for PADD 1, 2, and 5.
PADD 2 contains mostly ethanol refining states so it makes sense to obserbéeadarg
in the region. For PADD 1 and 5, most of the high population density staties regions
are regulated by the Reformulated GasoliRFG) program to use gasoline containing
oxygenate. Furthermore, due to regulatiorre&d vapor pressure (RVRuring the summer
in these states, gasoline blendstock is usually more costly to refine in that season. As a
result, blenders in thoseregiansy pi cal |l 'y use et hanol as a “vol
is not too hard to see why ethanol gets blended more in those regions. On the other hand, it
is not surprising to see undelending occur in PADD 3 and 4. PADD 3 is a major crude oil
refining regior®, so the cost benefit of using straight gasoline blendstock for retail sale is
likely high. For PADD 4, due to a lack of rail access, the cost of transporting ethanol to the
region is generally higher compared to other PADD districts. Moreduerto high altitude,
84 and 85 octane gasoline are allowed for retail sales in many of the states in PADD 4. This

precludes the blending of ethanol in those areas because refiners generally blend ethanol with

49 Roughly 50% of thgjasoline blendstock are refinedRADD 3. It is followed by PADD 2 (20%), PADD 5
(18%), PADD1 (9%), and PADD 4 (3%).
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suboctane gasoline to produce finished nidteel for retail sales. Thus, the empirical model

can be specified as

O0h 1 % O Of % O0Of O0Of % 0 x5 05
% 0 5 U % 0 f 0 %o WOp %o Df
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where Z contains the lists of demand shifters in the PADD districts. B arelrespectively
the biodiesel RIN price and a variable that indicatesnilimber of leftovesheltlife weeks.
Equation (222) is the specification used for estimation.
2.4.3.2 Data Description and Summary Statistics

The data consist of daily ethanol (D6) and biodiesel (D4) RIN prices from Abril 7
2008 to May 3%, 2014. This is collected from Qil Price Information Service (OP™)e to
the construction of the RFS scheme, we are able to observe the prices of two different
vintages on any given day in the sample peri@kcausethe newer vintagehas a longer
shelf-life and can be carried over to the followiyegar,the first year RINprices containmore
information regarding th&uture bindingness of the federal mandaten the other handlue
to the fact thathe older vintage has to be used up by the ehdachcompliance yearhe
second year RIN priceare more similar to spot price. This is especially truevhen
obligated parties fadessr uncertainty asime proceed eachcompliance yearIn theory,

the two prices should resemble one another if thedat&for the current yeais expected to
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bebinding. We utilize only the prices of first year vintage RIN becauseeoypirical model
is based on continuoexpectation of the bindingnesstbe mandate.

Daily prices on ethanol without RIN are colledtérom DTN The Progressive
Farmers. Weekly domestic wholesale gasoline blendstock prices and monthly domestic
crude olil first purchase prices are collected from the Energy Information Agency (EIA).
Weekly PADDlevel ethanol consumption, imports, exportset receipts, and plant
production are also collected from EIA. Similarly, weekly PAIRDel gasoline blendstock
consumption, import, export, net receipt, and refinery production are collected from EIA as
well. The annual RFS is collected from the fadleegistry. From this, the weekly RVO
generated by obligated parties in each PADD
The monthly PADD level coincident economic activity index is chosen to serve as a proxy
for motor fuel demand shifters.The index is derived from four economic indicators:
nonfarm payroll employment, the unemployment rate, average hours worked in
manufacturing, and wages. Due to the composition of the collected data, monthly data for
the economic activity index are intetpted into weekly data in order to increase sample
size. Interpolating the monthly data linearly or in piece wise cubic spline causes negligible
differences in estimation results. Thus, only results using linearly interpolated data are
reported.

The siImmary statistics for the data are reported in T&®e which provides the
mean, standard deviation, minimum, and maximum values of the data used in the estimation
procedure. The time frame that the sample data fall in is from Apri2d08 to March 3

2014, containing 313 weekly observations.  Average ethanol RIN price has a standard
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deviation larger than its mean, reflecting the fact that it was mostly trading between $0.02 to
$0.16 before leaping to over $1.00 in 2013. Due to the fact thatoiheident economic
activity index is an aggregate variable, one can see that it does not fluctuate much in the
sample period, as indicated by the standard deviation and the ranges of the values. The
average blending margins, exclusive of the federahdig credit, are calculated by
subtracting ethanol prices without RIN from the predicted prices of wholesale gasoline in the
1% stage estimation. It is instructive to note that the two input prices are terminal spot prices.
The actual prices that blead receive can be lower than the ones being used here, especially
if they enter long term contracts with refiners and ethanol plant producers. The average
margins fluctuate immensely during the sample period, indicated by a standard deviation that
is seen times its mean. While PADD 2 having the largest average margin does not come as
a surprise, PADD 1, the region with the highest rate of ethanol blending, has the lowest
average margin in the sample period. Perhaps, this is an indication that they gladat
collected from EIA are not very precise. This is highly possible because EIA does not track

and collect data on ethanol that is on rail for shipments between PADD diStriatsother

* The ettanol blending percentage for each PADD district is generated by considering the broadest measure of
the pools of gasoline blendstock and ethanol. Specifically, the ethanol consumption for each PADD district is
constructed by using PADD level ethanol dataplant net production, imports, net receipt with the PADD
districts, stock change, exports, and an adjustment term that balances supply and disposition. Similarly, total
motor fuel supplied in each PADD district is calculated by using PADD level mo¢brdfita on refinery and

blender net production, imports, net receipts, stock changes, exports, and an adjustment term that balances
supply and disposition. The blending percentage for each PADD district is then calculated by dividing total
motor fuel suply from ethanol consumption, and the ethanol blending gap for each PADD district is
determined by subtracting the product of RFS and gasoline blendstock consumption from the ethanol
consumption. However, the constructed data indicate that PADD 1 hasgtiest blending percentage and
consistently oveblends ethanol relative to the RVO it generates each period. This is despite the fact that it
possesses the lowest blending margin among the five PADD districts. Upon further reviewing the methodology
of how the EIA construct its database, the net receipt term and the adjustment terms might be the potential
culprits that contribute to the imprecision in the
and net receipts are used as balapasiariables in the supply and disposition balance. Net receipts of motor
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possibility is that the ethanol blending requirement for PADDs higher due to more
stringent environmental regulations (i.e., RVP and RFG programs). The low average
whol esal e ethanol price without RI'N in PADL
memos that shipping ethanol to the region is very costlyexfigected, PADD 5 receives the
highest average ethanol prices due to it having the longest distance away from PADD 2.
Lastly, PADD 4 has the lowest average crude oil acquisition prices, perhaps suggesting
another reason why the blending rate is low in tbgion.
2.4.3.3 Empirical Results

The estimation procedure is done in two stages. To eliminate issue of endogenous
gasoline blendstock prices, the blendstock prices are fitted with crude oil purchase prices in a
distributed lags with seasonalitsamework. The predicted values are subsequently insed
the estimation of equation.@2). The estimation results are reported in Talfle

The estimation procedute passes Durbiwat s on’ s test stati st
significance level. The estimatiog carried out in levelevel fashion so the interpretation is
straightforward. As one can see, most of the time varying efieetseing picked up by the

first year biodiesel RIN (D4) price, as it has the largest estimate by far. Specifically, a $.10

fuel are captured fairly well in the EIA data, which covers the implied net inflow of finished petroleum products
through pipeline and water movements. However, rail and truck menteisnoticeably absent from the EIA

data, and over 80% of the ethanol is shipped by either rail or truck. Thus, the EIA most likely produces a
flawed ethanol net receipts term for each PADD district using only data through water movement. Furthermore,
the way in which the EIA calculates the adjustment term for each PADD district might also be problematic.
The national adjustment term is the balancing variable at the national level. The national adjustment term is
allocated across PADD districts basmu the ratio of reported ethanol blending in each district divided by the
amount reported at the national level. The reported ethanol blending in each district is generated from surveys
that the EIA collects from terminals with at least 2.1 million gadlof storage capacity. In other words, the

EIA does not collect blending data from smaller terminals. However, ethanol does get blended very frequently
in smaller terminals.

>t An AR(1) model was used for estimatiaguation (3.22)
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increase irbiodieselprice is expected to induce an increase of roughly $.062 in first year
ethanolRIN price. This should not come as a surpriseetsnol RIN prices started to
fluctuate significantly after the blending requirement surpassed the bEhth\2013. The
sheltlife indicator has the expected sign and is significant; however, it is very negligible in
value. Each week, the priceethanolRIN is expected to fall by $0.001 due to its shortening
sheltlife. The results on the signs of tRADD level variables are mixed. For the blending
margins, significant results are only found for PADD 1, 2, and 3. The positive coefficients
on PADD 1 and 2 suggest that the blending inpotghese regionsare likely gross
complements, or that the outpeffect dominates the substitution effect. This is reasonable
because both regions are blending near the physical limit. Thus, the demands for the two
blending inputs are likely tied together. However, the coefficient on PADD 5 margin
suggests thablending inputs are not necessarily complementary to each other. The
coefficient on PADD 3 margin, which has the largest magnitude among the five, indicates
that blending inputs are being used more as substitutes for each other. The insignificant
results orPADD 4 margin comes at a surprise, as it is expected to be affected by margin the
most.

With the exception of PADD 1, all other PADDs have the expected signs for their
demand shifters. As alluded in the data description, the ethanol blending dafeDior1P
may not be accurate, which might have led to erroneous forecasts on the probability index
regarding future bindingness of the mandate. Thus, it is not surprising to observe PADD 1 to
have the wrong sign. Another possible explanation for the wrigmymnsay be the model

specification is incorrect. This is due to the fact that the theoretical model only allows for a
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regime in which sellers and buyers never switch sidas.the data indicate, blenders in
PADD districts ovetblend and undeblend at tmes, and all of them are essentially under
bl ending after 2013. Nonet hel ess, given tl
sample period, it is surprising twbservehow well other PADD level economic indicators
track the variation irethanolRIN prices. A one point increase in the economic index of
PADD 4 causes a $0.0028 increaseethanolRIN price, followed by PADD 3 ($0.0021).
On the other hand, a one point increase in the economic index of PADD 2 induces a $0.0015
decrease iethanolRIN price, followed by PADD 5-$0.0012).

In summary, through the effect of biodiesel RIN (D4) price, a stringent or binding
federal blending mandate appears to be the most critical determinant of firsthaaaIRIN
price. However, different from the curteliterature, our results indicate that geographical
discrepancy in blending margin and regional demand shifters also infle¢maeol RIN
price. This implies that the fundamental drivers in regional motor fuel markets can still be
effective in a samplperiod filled with policy uncertainty.
2.5 Inventory Values of Ethanol RIN

This section examines the dynamics of spot prices of sepaedbeshol RIN,
concentrating on the rate of return to holdieitpanol RIN inventory. As known in the
commodiy storage literature, when stockouts can occur, the spot price of a commodity
reflects both transitory and permanent shocks to its scarcity rent (Telser (1958)). In
particular, the possibility of stockouts introduces an asymmetry into the dynamicses pric
(Bresnahan and Suslow (1985)). In an efficient market with inventory, the price path cannot

display any excess gain due to arbitrage. However, the equilibrium price path will reflect the
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physical costs of storage because no costs can be arbitraged latee short run marginal
cost of production is upward sloping, then this provides incentives for firms to hold
inventory, which in turn generates a convenience yield. In reference tththeolRIN
market, the possibility ofraethanolRIN stockoutexists due to policy uncertainty and the
ethanol blend wall. Thus, obligated parties do have motives toett@rolRIN for hedging
against future uncertainty and compliance costs. While stetlmnolRIN in general should
only incur a cost equivalerib its exhaustible nature, there involves a cost in separating
ethanolRIN from ethanol. As indicated in previous sections, obligated parties acquire
ethanolRIN either through blending or purchasing ethanol. The compliance costs associated
with the fomer mainly comprised of blending margins, while the latter are related to storage
fees and search costs. These two types of costs are likely upward sloping in the short run.
Thus,ethanolRIN storing can be viewed to have a smoothing role in the casirplying
with the RFS. As Brennan et al. (1997) point out, any convenience yield can be potentially
wiped out by other transaction costs. Because of theatlanolRIN are structured, it is
likely that theseother costs do not exist gthanolRIN marke. In all, the above provides
justification that storinggthanolRIN can produce convenience yield.
2.5.1 Theoretical Model
2.5.1.1 Representative Blender’s Cost Problem in an Over-Blending Region

Consider a representatividlender in an oveblending region who faces a cost
minimization problem in each time period. The blender is an obligated party who is assumed
to be fully integrated or maintains a long term ethanol blending contract with jobbers. The

latter is regularlyobserved in the motor fuel industry as obligated parties desire to control
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how much ethanol is blended into gasoline blendstock. The objective is to choose an optimal
level of inputsto blendand an optimalquantity of separatedthanolRIN to sellin each
period The blender’s cost mini mi zirmdadch@eriodpr ob |

can be written as:

aQép 5. 6 Orni Owis Ofisn — np Ns h (223

Nh MR Nas (2.24)

Ng "QAsMi & Q—nArh—ng h (2.29

E, G, F,andRrepresent ethanol, gasoline blendstock, motor fuel, and sepatiasbIRIN,
respectively.q s denote the physical gal | Bnss aorfe ¢ uhael
prices at which these quantitieseéeing purchased or sold. Sugmipt B stands for the

physical blending level whiléM indicates the mandated blending leveEquation 2.23

indicates that the blender bugsy, ethanol atd ; andf ; gasoline blendstock at j to

produce motor fuel. It is assumed here that the penalty for violating the ethanol mandate is
sufficiently high that the blender builds enough blending infrastruditee ethanol tanks

and other blending equipment) to fulfill the minimum level of ethanol required by the

mandate int period. The minimum level of ethanol required by the mandate is always
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chosen by the blender because he would always rather use fngasoline blendstock. This
is because blending more ethanol implies less sales of the gasoline product that he produces.
Thus, the blender builds infrastructure in such a way that the optimal capacity level for
ethanol blending is just the mandated lamesveryt period. However, the blender also has
the option to blend more than the mandated level of ethanol. If the blender chooses to over
blend, she incurs a per unit adjustment dostfor deviating from the optimal capacity level
for ethanolblending. Note that this cost is designed to be symmetric: the blender also suffers
an inefficiency cost if she is forced to blend below the mandated level. Assunfe ithat
well defined and positive. On the other hand, the blender gains the opiyorusell |
excess separatadhanolRIN at0 ;. As indicated inZ.24), the amount of available excess
ethanolRIN that can be sold depends on how much the blendeibdseds.

Equation 2.25 indicates that production technology fooducing motor fuel is fixed
proportions with timevarying proportions.r  is assumed to be exogenous. This implies

thatfy M 7, andr ; can be rewritten as

Na | Nk (2.26
N P | Nk (2.27
Ng | NE&. (2.28

Substituting 2.24), (2.26), (2.27), and 2.28 into (2.23 yields
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Thus, instead of choosing quantities of ethanol and gasoline blendstock, the blender instead
chooses the blending ratio to minimize her cost. Because, the blender is allowed to deviate
from the madated blending level by paying an adjustment cost, her production technology is
not a pure fixed proportion one. In fact, Bgure 2.11 illustrates, the isoquant of her
production technology is shaped between that of a perfect substitute and fixedigmopo
Because the representative blender in this region is assumed tbleneror blend at the
mandated level, she is expected to operate on the northwest section of the curved isoquant.

The first order necessary condition of the minimization pnwbis

O0p O0Of Of N | I AR T (2.30

7 h__f & (2.3

Equation (2.3 suggests that when the blending margin or price for sepaetitadolRIN is
high, the blender’s optimal et hanreiandatece ndi ng

level. On the other hand, when the adjustment cost is high, the blender is expected to blend

117



closer to the mandated level. Alternatively, equatihB1) can be viewed as the supply for
excess separatethanolRIN.
2.5.1.2 Representative Blender’s Cost Problem in an Under-Blending Region
A similar mathematical formulation of minimizing blending cost can be specified for
the representative blender in an undiending region. The blender is assumed to under
blend due to an unfavorable btem ng mar gi n. The blender’s co

producing motor fueih each periogdtan be written as

GaQep 5, 6 Orng Ofis Osis — np g h (232

subject to the following constraints

i AR Nk (2.33
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Due to an unfavorable blending margin, it is assumed blending facilities are set up in a way
that the optimal blending capacity in the untiEnding region is below the mandated level.
Thus,n is the adjustment cost of deviating from the optitl@nding volume. Equation

(2.32 can be rewritten as
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The first order necessary condition implies
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Similar to the oveblending region, the cost minimizing unedending level is contingen
on input prices and adjustment co&tquation (2.3pcan be viewed as the demand for excess
separate@thanolRIN.
2.5.1.3 Representative Ethanol RIN Hoarder’s Cost Problem

Consider a representativhanolRIN hoarder who purchases and stores rsdpd
RIN to hedge against policy uncertainty and the ethanol blend wall. Assumethihaol
RIN hoarders consist mainly of obligated parties who need to comply with the RFS. For
them, the incentives to stoethanolRIN exist because ethanol blendirggnnainly a federal
policy driven market. With the breach of the ethanol blend wall looming, it is difficult for
them to predict what adjustment will be put in place by the federal government to resolve the
issue. Furthermore, merchant obligated parties find it costly to separatthanolRIN by
themselves may find it economically convenient to accumw@ttanolRIN. Unlike fully

integrated obligated parties, merchant obligated parties do not possess the capability to blend
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ethanol. To them, sepanag ethanolRIN from ethanol comes is dbg As indicated in
Section 2.4 the cost of separatingthanolRIN comprises the costs of storing ethanol and
searching for ethanol blenders. The activity can be especially costly in regions where ethanol
is notactively used in blending with gasoline blendstock. As a consequence, they rely on
purchasing excess separagtdanolRIN from other parties to cover a portion of their RVO.
Thus, the cost saving in compliance by accumulagtitanol RIN can be large wdn
aggregatesthanolRIN stocks are low and when the blending margin is unfavorable in all
parts of the country.

Assume that the representatigéhanol RIN hoarder faces a cost minimization of
accumulatingethanolRIN inventory for future compliance use an infinite horizon. The
objective is to choose an optimal levelathanolRIN stock to carry forward in each period.

The hoarder assumes that the RFS will last long enough that she cannot deduce her optimal
choices by backward induction. The haamd” s | i f et i me <cost mi ni mi

specified as

GQ¢ .. OB 1 0f A5 — h (2.3
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N is the amount ofthanolRIN purchased ai “(period and(; is the level okthanol

RIN inventory ato “Qperiod. 0 is the per gallon convenience yields for cargyethanol

RIN inventory. Substitute (2.38) into (2)30 yield

aQt. f. 06 O 1t 0f Ep Ej - & & w

There is one state variabE; , and one control variabl&, , in this problem. Stating

the value function and rewriting it in recursive form yields

o o AaQE. 05 QO o 100 O h  cam
Taking partial derivatives with respect to the control variablddgie
—— 05 2 TR % om (2.4

Applying the envelope theorem Mifferentiating both sides of the value function with

respect to the state variable and updating by one period yields

Wi O 0 f (242
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Substituting 2.42) into (2.41) yields

0 R 1 (o) R n 'Q (243

Equation (248 i s the repr esent athanelRIN ihventory.dre is’ s
expected to have a negative sagimarginal convenience yields should vary inversely with
inventory level.

2.5.1.4 Aggregate Ethanol RIN Inventory Market

The aggregate demand and supplyeitranolRIN inventory can be specified as

C2
0«
e,
= x

|
£

(2.44)
O O0f Op O h (2.49

0 is the number of representative hoarders,"@pd is the aggregatethanolRIN carryover
from 0 p period. Superscripts) and™Y denote oveblending and undeblending regia,
respectively. Equation (2.%45lenotes the transition equation for separatthnol RIN
carryover. The new inflow of excess separatthnolRIN, U 5, is distributed between the
separatedthanolRIN demandd f, and the aggregate separaétdanolRIN carryover to

the next periodQ;. Using(2.24) and (2.33), equation (2)4&an be rewritten as
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0 0RO (2.4

Aggregate and subsite (2.31) ad (2.36) into (2.4pyields

T — — 0y — 0y 0Oy — 0y 0f G N (2.47)

where K and J separatgl represent the number of representative blenders in the over
blending and unddnlending rgions. Equations (2.44) and (2)4f6rm the basis for the
empirical work to follow.
2.5.2 Empirical Analysis
2.5.2.1 Empirical Approach

Following Thurman (198), Pindyck (1990), and Chavas et al. (2000), the empirical

version of the demand fethanolRIN inventory is given by

ady | | 0D g e | Qo t -, (2.48

where“(ds the shorterm interest rate, antlis asheltlife indicatorto acount for the time
effect ofethanolR I N’ -lieeh €he threemonth U.S. treasury bill rate is chosen as the

empirical measure for shewrm interest rate and its coefficient measures the relative
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riskiness of holdingethanolRIN inventory. As indicate by the theory of the speculative
carry model, the coefficient on the interest rate is expected to be negative.

The empirical version of the supply fethanolRIN inventory is given by

Tae—L 1 agL ot (2.49

The superscripts 1, 2, 3, 4, and 5 denote the five PADD districts. The price ratios of
wholesale gasoline blendstock to wholesale ethanol serve as proxies for the blending margins
of ethanol in the PADD districts. As indicated in the theoretical modetdé#icients on

the price ratios are expected to be positive if the blending inputs are gross substitutes. This is
due to the fact that increases in blending margins in either the-biesheling or over
blending region should raise the level of availaileanolRIN to be carried over to the next
period. On the other hand, the reverse holds when the blending inputs are gross
complements. Furthermore, the sign of the coefficient on the spot equilibtianolRIN

price is expected to depend on the magitatof the per unit adjustment cost in each PADD
district. The sign is expected to be negative (positive) if adjustment cost in the under
blending region is lower (higher) than the obéending region. This makes intuitive sense

as lower adjustment cost underblending (ovetblending) regions imply that the number of

availableethanolRIN that can be carried to the next period is more demand (supply) driven.
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Note that, with the exception of the interest rate andstinadflife indicator, all of the
variables in the demand and supply equations are in logs.

The price expectation in the inventory demand equation presents a challenge for
estimation. Futures prices cannot be used as a proxy for the price expectation because the
time series datan futures contracts oéthanolRIN are fairly short. We resort to-re
specifying the inventory demand equation in a univariate time series model. This is
considered to be a limited information approach compared to a structural two equation
rational expetation modef. Upon evaluating the data, an AR(1) specification is chosen for
the logethanolRIN price series in the sample period. The estimated AR(1) parameter for the

sample period is 0.985. The specification can be written down as

Taking conditional expectation & yields

tp " by (2.50

°2 A rational expectation version of the system was also derived and estimated, but the results are not shown
here due to nowonvergence in estimation.
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Substitutirg (2.50) into (2.48yields

a8y | ‘“p 7 " a8 a1 Q0 t -, (2.5))

Equations (2.51) and (2.¥8omprise of theethanolRIN inventory demand and supply dse
in the empirical exercise.
2.5.2.2 Data Description and Summary Statistics

The same price data on Déthanol RIN, wholesale gasoline blendstock, and
wholesale ethanol from Section Z#e used in the estimation. The three month treasury bill
rate iscollected from the Federal Reserve. EtiganolRIN inventory variable is constructed
using data on ethanol consumption and motor fuel supply collected from the EIA. Once
again, due to the composition of the data, all variables are converted to weskiyabions,
thus yielding the same numbarobservations from Section 2.4

All variables are converted to percentages, so interpreting the summary statistics is
fairly straight forward. As shown in Tab®10, the 3 month treasury bill rate averagady
0.23% in the sample period from April, 2008 to March, 2014 with a standard deviation
roughly twice its mean. Furthermore, the log differences of the prices of wholesale gasoline
blendstock and wholesale ethanol are highly volatile. In specifics,DPARveraged the
highest rate of change, and PADD 1 has a negative mean rate of 4.66%. Because data on

ethanolRIN inventory do not exist, it is being constructed using the 20% carry over rule. In
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particular, 20% of the RVO generate in eveperiod isfulfilled by ethanolRIN carried over
from last compliance year, and the rest of the 80% is complied with the new inflow of current
vintage ethanol RIN. Thus, two vintages oéthanol RIN inventory are observed and
calculated in every period. The rehanol RIN inventory in each period is then generated
by summing the two. This natural approximation allows us to construct a time series of
weeklyethanolRIN inventory that is consistent with the EPA provisions on RIN storage over
time. The time series tfie weekly neethanolRIN inventory is summarized in Figugel2.
As one can see, tlehanolRIN inventory was accumulating in roughly the first four years of
the RFS. However, the 20% carry over rule was severely breached in the 2011 compliance
year,resulting in a write down of more than 1 billion gallonstfanolRIN. After that, the
inventory level has been consistently falling since the beginning of 2012, and the declining
rate intensified because the 10% blend wall was reached.
2.5.2.3 Empirical Results

The empirical equations fathanolRIN inventory demand and supply are estimated
using iterated threstage least squares. The endogenous variables are the current period
ethanol RINprices and thethanolRIN inventory to becarried over to the next period. The
instrument variables chosen include the exogenous variables, one lag of the exogenous
variables, and one lag of the endogenous variables. @ Employing more lag terms has
negligible effects on the point estimates. €s&mation results are reported in Tablel.

The estimation results of three model specifications are reported. Model 1 is
estimated using theariables in equations (2.49) and (2.51The results confirm the

coefficient signs predicted by the thg of the speculative carry model. The point estimate
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of | indicates that accumulatirethanolRIN inventory is 13.3 times riskier than investing

in three month treasury bills. Part of the reason for this outcome is that the interest rate
during the sample period is exceedingly low and stable. The estimated elasticity of the
convenience yields generated by accumulagtitanolRIN shows that a one percentage
decrease ithanolRIN carryover is expected to increase spot price by close to 0.2 percen
The positive coefficient on theheltlife indicator implies that, on average, the value of
ethanolRIN decreases by 0.3 percent every week due to its shorteningdifehelfhis result

is consistent with the option value in finance literature. Tdietgestimate of verifies that

the level of available new inflow athanolRIN that can be carried over to the next period is
influenced more by the demand for excefganolRIN from the undeblending region. The
elasticity is estimated to be teemely inelastic and statistically significant. The estimated
signs on the blending margins offer mixed results. The positive and significant coefficients
on the blending margins for PADD 3, 4, and 5 suggest that gasoline blendstocks and ethanol
are likely gross substitutes in these regions. The coefficient on PADD 3 margin is especially
large in magnitude: a one percent increase in the blending margin is associated with a 0.23%
increase in aggrega&thanolRIN inventory. On the other hand, the negatnd significant
coefficient on PADD 1 blending margins suggest that the substitution between the blending
inputs is likely constrained. This is consistent withehdier empirical finding from Section

2.4 that blending inputs are likely gross compéts in PADD 1 region. Specifically, a one
percent increase in the PADD 1 blending margins results@28% decrease in aggregate
ethanolRIN inventory. Due to the fact that PADD level blending margins are collinear over

time and that the estimatiors idone in stages, this raises some concern regarding the
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precision of the inference in the demand equation. Thus, the original model is estimated
again using other specifications.

For model 2, the PADD blending margins are being substituted for a siggddle
that is the summation of the PADD blending margins weighted by the shares of PADD level
ethanol consumption. The estimated coefficient on this variable has a positive and
significant sign, indicating that the blending inputs are likely grosstsutes when viewed
in aggregate level. However, the estimated price elasticitetioinol RIN becomes
insignificant. Other than that, the point estimates in the demand equation do not seem to vary
much from model 1. For model 3, the spot prices of WfTide oil and corn are used as
proxies for the wholesale prices of gasoline blendstock and ethanol. Although small in
magnitude, the coefficients on both variables reconfirm the results from model 2 that
blending inputs are likely gross substitutes whieswed in aggregate level. The estimated
coefficients in the demand eqigat alter in varying degreeslhe point estimate of jumps
to -18.8, indicating that holdingthanolRIN is riskier than originally understood. On the
other hand) also increases in estimated value, implying that the potential payoff of
carryingethanolRIN is larger than what previous results showed.

In summary, the estimation results seem to suggest that while accumethtamg|
RIN is risky compared to investmeritsat generate payoffs based on market interest rates,
the reward or potential savings in compliance cost is also large. This is especially true given

how much the prices @thanolRIN haverisen since 2013.
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2.6 Conclusion

The purpose othis studyis to develop a theoretical model that can help one better
understand the dynamicsathanol RIN markeanduse available data guantify the factors
that influence the equilibriurethanolRIN price. As the theoretical exercise illustraté® t
core values otthanolRIN serves as transfer payments between obligated parties, and it is
used as an indirect way of subsidizing ethanol production in particular regions of the country.
In a world without policy uncertainty, the theoretical model lisgpthat the dynamics of
ethanolRIN market is reliant on regional heterogeneity in blending margins. The empirical
results in this paper show that the fundamental drivers in the markets can still influence
ethanolRIN prices even in a sample period ¢&red with policy uncertainty. Moreover,
ethanolRIN storing is shown to generate a convenience yield in addition to the empirical
evidence on the relative riskiness of the activity. This suggests that market participants value
the flexibility that holdng inventory produces in their compliance with the RFS

The RFSschemeis similar to a cagandtrade program commonly employed in
environmental policies foachieving reductions in the emissions of pollutants. Both are
government mandated, markesedapproach tosetting maximum (minimum) allowable
level of firm production and penalizing obligated parties for excee@ng meeting their
volume allowance (obligation).In the RFS scheme, the blending mandate serves as
guantity instrument thdixes the minimum level of ethanol blendin&imilar tothe role that
emission permis play in a capandtrade program,ethanol RIN price reflects the
heterogeneity i n ob Imegjthet neaddatpodligationeMoreover,b i | i t i

market volatility indiced by uncertainty in future supply and demand conditions coupled
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with a fixed number of future availab&thanolRIN brought about by the blendwalieate
incentives for obligategartiesto storeethanolRIN. Thus,ethanolRIN price also reflects
the onvenience yields that obligated parties generate for minimizing their compliance costs
over time. The onlydistinctionin the RFS scheme that storingethanolRIN over time is
subject toRIN’ sheltlife and the 20% banking rule Other than that, thethanolRIN
marketprovides similarflexibility and economic incentive®r allocatingproduction fuel
blending activitiesto the more cost efficient obligated partieginally, ageneralresultof
capandtrading programs is that crediading leadgo investment andhducestechnological
change. This is one aspect that is not captured well in our mddetair models,low cost
blendersare assumed talwaysprovide ethanolRIN to high cost blendeyand the two can
never switch sides. However, li@ality, if high cost blenders anticipate higrethanolRIN
price due to the blendwall and higher mandates in the future, the incentives to innovate to
lower cost blenders will be strond.hus, while we attributemuch ofthe variation in ethanol
RIN price to regional heterogeneity in blending margersd uncertaintythe dynamics of
price can also possiblye influenced bynduced technological adjustment in the production
of blended motor fuel. Consequentlyre | axi ng t he assumpttbnons on
technology and allow for regime switching in RIN tradimgght lead to richer theoretical
results and better empirical implications

As alluded to in Section 2.4here is some uncertainty in regards to the quality of the
data being useth this study. This is especially true for the PADD level ethanol blending
data because this level of data is used extensively in the empirical models utilized in this

study. The two main leading causes for potentially flawed measurements are theAway EI
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calculates net receipts for PADD regions and the exclusion of blending activities in smaller
terminals. The latter is especially important because ethanol does get blended very
frequently in smaller terminals, and jobbers are usually the ones blertkny t As
previously mentioned, jobbers are potentially more responsive to blending margins than the
obligated parties are because they do not have to comply with the RFS. Thus, using more
accurate blending data in future studies would certainly leadtter mpiantification of the
empirical models.

Lastly, the role that jobbers play in the motor fuel supply chain is not clearly defined
in the theoretical models. In most cases, the foundation of the theoretical models is built
upon the assumption that btters are always the obligated parties. Even in cases where
jobbers are assumed to play a role in the blending market, it has always been maintained that
obligated parties tied contractual agreements with jobbers to control how much ethanol
should be blened with gasoline blendstock. However, that might not always be the case in
reality. In fact, merchant obligated parties have voiced their displeasure to the EPA
regarding their ability to purchase enough separatbdnolRIN from jobbers. This is
expeted to occur becausaccess toethanol RIN is not always aligned to a merchant
obligated party’s RVO. Whil e there exist
accumulating separated RIN inventory over time, the overall compliance cost for merchant
obligated parties is still higher than fully integrated obligated parties. A theoretical model
that includes a specific role for jobbers would be richer in the sense that one could determine

the overall difference in the compliance cost facing different diglihparties. Subsequently,
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this might induce a different testable implication of the factors driving the dynamics of

ethanolRIN prices.
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TABLES AND FIGURES

Table2.1: Equivalence Value for Biofuels

Type of Biofuel Equivalence Value of RIN
1.0 Gallon of Ethanol 1.0 GallorRIN
1.0 Gallon of Biobutanol 1.3 GallonRIN
1.0 Gallon of Biodesel 1.5 GallonRIN
1.0 Gallon of NonEster Renewable Diesel 1.7 GallorRIN
1.0 Gallon of Cellulosic Ethanol 2.5 GallonRIN
1.0 Gallon of WasteDerived Ethanol 2.5 GallonRIN
Source EPACT (2005)
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Table2.2: RFS1 versus RFS billion gallons)

Year RFS1 RFS2 Biofuel Mandate

Biofuel Ethanol Cellulosic  Biomass Other Total Total

Mandate (Conventional) Biofuel Based Advanced Advanced Renewable

Diesel Biofuel Biofuel® Fuef

2006 4.0
2007 4.7
2008 5.4 9.0 0.00 0.00 0.00 0.00 9.00
2009 6.1 10.5 0.00 0.00° 0.10 0.60° 11.10
2010 6.8 12.0 0.00650 1.15 0.2935 0.95 12.95
2011 7.4 12.6 0.00600 0.80 0.544 1.35 13.95
2012 7.5 13.2 0.01048 1.00 0.98955 2.00 15.20
2013 7.6 13.8 0.008 1.28 1.464 2.75 16.55
2014 7.7 14.4 175 > 1° 1.00 >3.7 >18.1
2015 7.8 15.0 3.00 > 1° 1.50 >5.5 >220. 2
2016 7.9 15.0 4.28 > 1° | 2.00 =27.2 222. 2
2017 8.1 15.0 5.50 > 1° | 2.50 >29.0 224.C
2018 8.2 15.0 7.00 > 1° | 3.00 >11.( =226.C
2019 8.3 15.0 8.50° > 1° | 3.50 > 1.@ >228. C
2020 8.4 15.0 10.50 > 1° | 3.50 >15.( =230.¢C
2021 8.5 15.0 13.50 > 1° | 3.50 >18.( =233.C
2022 8.6 15.0 16.00 > 1° | 4.00 >21.( =236.C
Sources EPACT (2005); EISA (2007); “Regulationde{f” FEedsr ah:

20052014,

a. In order to provide a reasonable lead time for biodiesel producers and blenders to transition from RFS1 to RFS2edRfe|
required biomass based diesel in 2009 from 0.5 to 0.0 Bgal. In addition, thedegplume for biodiesel in 2009 was carried over
the next period, effectively yielding an increase in the 2010 biodiesel standard from 0.65 to 1.15 Bgal. However,dtie/obauie
for the total advanced biofuel in 2009 and 2010 were left unchanged. way how this transition plan worked is that the 2(
biodiesel RIN were allowed to be used twice. Specifically, EPA authorized that the 2009 biodiesel RIN to be used farcea
purposes for both the 2009 total biofuel standard as well as thetedl010 biodiesel standard (but not for the 2010 advanced bi
or total biofuel standard). Thus, a blender would add up the 2009 biodiesel RIN that she used to comply with the B@FQeio!
standard and subtract her 2010 biodiesel obligatiathisyamount. Any remaining 2010 biodiesel obligation would need to be co
with either 2009 biodiesel RIN that are not used for 2009 compliance or with 2010 biodiesel RIN. At last, since thedRHG9
compliance was nested in the correspondidij02standard, EPA ruled that the excess 2008 biodiesel RIN could also be used fo
2009 or 2010 biodiesel mandate.

b. The EISA states that the cellulosic biofuel volume has to reach 16.0 Bgal by 2022. However, the act also stateslithiasithe
biofuel standard is subjected to annual assessment by the EPA. To reflect the state of the cellulosic biofuel in@isAnhatido
revise the cellulosic standard downward from 0.10 to 0.0065 Bgal for 2010, from 0.25 to 0.006 Bgal for 2@1Q,00.845 Bgal for
2012, and 1.0 to 0.006 Bgal for 2013.

c. EPA may increase the biomass based diesel compliance above 1.0 Bgal after 2012.

d. EPA has the discretion to reduce the mandated volumes of total advanced biofuel and total renewableefeak@ntttat the
projected volume of cellulosic biofuel production is determined to be below the mandated volume specified in EISA.
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Table2.3: Nested Categories of Biofuel under RFS2

Fuel Type Meaning under RFS2 Applicability when Applicable RIN
SurplusOccurs Type®
Cellulosic Biofuel Any ethanol or biodiese Type A and R. D3 and D7.
(Type C) derived from cellulose o

lignin that originate from
renewable  biomass  an
achieve a lifecycle GHC
emission of at least 609
compared to the gasoline «
diesel it displaces.
Biomass Based Diese Any biodiesel or norester Type A and R. D4 and D7.

(Type B) renewable diesel derived froi
renewable  biomass th:
achieve a lifecycle GHC
emissions of at least 50¢
compared to the diesel
displaces and is not €c
processed witha petroleum

feedstock.
Total Advanced Any biofuel, excluding corn Type R. D3, D4, D5, and
Biofuel ethanol, that achieve D7.
(Type A) lifecycle GHG emissions of a

least 50% compared to tt

gasoline or diesel it displace

This  includes  cellulosic

biofuel, biomass based diest

sugar cane ethanol, sorghut

starch ethanol, and wast

derived ethanol.

Total Renewable Fuel Any biofuel, including corn None. D3, D4, D5, D6,
(Type R) ethanol, that is derived fror and D7

renewable  biomass  an

achieve a lifecycle GHG

emissions of at least 20¢

compared to the gasoline «

diesel it displaces.

Sourcee EI SA (2007); “Regulation of Fuels and Fuel Additiv:
a. The D codesefine the specific RIN type for complying with different categories of renewable fuel. With RFS2, there are
codes applicable to four types of renewable fuel: D3 (Cellulosic Biofuel), D4 (Biomass Based Diesel), D5 (Other Advanegd
mainly swgarcane ethanol and waste derived ethanol), D6 (Renewable Fuel; mainly corn ethanol), and D7 (Cellulosic Diesel).
cellulosic diesel is unique in that it may qualify for either type B or type C fuel, but not both.
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Table2.4: RFS and Ethan Requirement

Year Biomass Basec Cellulosic Total Advanced Total Renewable  Conventional Fuel

Diesel Biofuel Biofuel Fuel Standard (Ethanol) Requirement
Standard Standard Standard in RFS
2006 2.78% 2.78%
2007 4.02% 4.02%
2008 7.76% 7.76%
2009 0.55% 10.21% 9.66%
2010 1.10% 0.0041% 0.61% 8.25% 7.64%
2011 0.699% 0.00349% 0.78% 8.019% 7.239%
2012 0.91% 0.0063% 1.21% 9.23% 8.02%
2013 1.13% 0.0004% 1.62% 9.74% 8.12%
2014 1.169% 0.0100%8 1.33% 9.20% 7.87%
Source:. EPACT (2005); EI'SA (2007); “Regulation of Fuels an

20052014.

a. 2006 was the only year that commanded a collective compliance. In other words, individual obligated partyegaset to
demonstrate compliance with the RFS in that year. As EPA stated, any deficit from not meeting the 2006 RFS woulddwector
2007.

b. In order to give obligated parties sufficient time to make the transition from collectiveiaooepbystem to individual cred
program, EPA implemented a prospective approach to program startup in which the 2007 standard would only apply to thss
gasoline produced after September 1.

c. Because no small refiners qualified for exemptioroating to EPA rulings, the standard was calculated with the inclusio
projected volume of small refinery production.

d. The standard is based on the EPA proposed ruling.

Table2.5: Implied Ethanol Requirement in U.S. Finished Gasoline

Year Requirel Ethanol Blending Percentage Actual Ethanol Blending Percentage

2006 2.67% 3.86%

2007 3.29% 5.33%"

2008 6.24% 7.01%

2009 7.69% 8.00%

2010 8.39% 9.33%

2011 9.32% 9.61%

2012 9.91% 9.65%

2013 10.40% 9.75%

2014 10.429% 9.86%
Sourcee “Regul ation of Fuels and Fuel Additi ves2014,R&E0eBi bl
20052014;

a. Because the EPA implemented a prospective approach in the 2007 standard, the blending perceatsgksamumes of
gasoline supplied, volumes of ethanol consumed, and volumes of RVO generated from September to December.
b. The percentage is calculated based on the EPA proposed ruling and motor fuel data from January to June of 2014.
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Table2.6: Comparative Statics Results
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Table2.6: Comparative Statics Results (continued)
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Table2.7: Expected Signs of the Redddeéorm Paranters in Eq.(219)

Parameters " — » — » Tt
r - -
r - -
r + +
r -1+ +
r + +
r - -
Table2.8: Summary Statistics of VariableskHu.(222)
Variable N Mean Std Dev Minimum Maximum
D6 RIN price 313 0.1568 0.2507 0.0031 1.3634
econ index paddl 313 147.71 4.4005 141.195 156.674
econ index padd?2 313  143.20 5.7182 134.912 154.194
econ index padd3 313 144.61 3.3798 139.557 150.665
econ index padd4 313 168.28 5.8032 160.657 178.566
econ index padd5 313  167.46 6.5530 159.859 183.384
blending nargin paddl 313 -0.0828  0.3160 -1.3618 0.6768
blending margin padd2 313 0.1123 0.3107 -0.7321 0.8147
blending margin padd3 313 0.0127  0.2816 -0.9208 0.7191
blending margin padd4 313 0.0423  0.3468 -1.0760 0.7371
blending margin padd5 313 0.0027  0.3178 -1.2106 0.8075
D4 RIN price 313 0.7285 0.4407 0.0531 1.9610
ethanol price paddl 313 2.5809 0.4579 1.6391 4.1735
ethanol price padd2 313  2.3747 0.4262 1.6066 3.4331
ethanol price padd3 313 24382 0.4504 1.3786 3.7130
ethanol price padd4 313 2.4446 0.3940 1.7000 3.3086
ethanol price padd5 313 2.6169 0.4092 1.9308 41787
crude oil price paddl 313 1.9713 0.4565 0.8183 3.1000
crude oil price padd2 313 1.9364 0.4551 0.7728 3.0592
crude oil price padd3 313 2.0738 0.4704 0.8364 3.1140
crude oil price padd4 313 1.8499 0.4403 0.6842 2.9307
crude oil price padd5 313 2.0712 0.5107 0.7852 2.9688
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Table2.9: Time Series Estimation of Eq.@2)

Variables Parameters Estimate S.E. t-value
constant 1 0.1379 0.0873 1.58
blending margin (PADD1) 1 0.1367 0.0478 2.86
blending margin (PADD2) 1 0.1177 0.0463 2.54
blending margin (PADD3) 1 -0.2650 0.0685 -3.87
blending margin (PADDA4) 1 -0.0358 0.0454 -0.79
blending margin (PADD5) 1 0.0077 0.0318 0.24
econ. index (PADD1) 1 0.0015 0.0009 1.67
econ. index (PADD2) 1 -0.0015 0.0006 -2.63
econ index (PADD3) 1 0.0021 0.0006 3.77
econ. index (PADD4) 1 0.0028 0.0007 4.19
econ. index (PADD5) 1 -0.0012 0.0005 -2.42
D4 RIN price 1 0.6188 0.0417 14.83
sheltlife indicator 1 0.0011 0.0005 2.28
Log-likelihood =-679.72 Regression F5quare=0.477; Total48quare =0.988y =313
Table2.10: Summary Staties of Variables in Eq.(2.49) and (2)51
Variable N Mean Std Dev Minimum Maximum
log(D6 RIN price) 313 186.22 126.35 -116.31 491.63
log(D6 RIN inventory) 313  79.65 39.07 -14.60 134.42
3 month treasury bill rate 313 0.23 0.43 0.01 1.93
log(® §) - log(d f) 313 -4.66 14.96 -31.98 24.01
log(® ) - log( ) 313  3.29 15.10 -54.69 30.50
log(® ) - log(® §) 313  -0.76 12.92 -46.73 25.82
log(® ;) - log(® f) 313 -0.24 18.10 -83.18 25.62
log(@® ) - log(® §) 313  1.25 14.50 -67.53 27.11
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Table2.11: Iterated Thee Stage Least Squares of Eq.(2.49) and (.51

Variables Parameter Model 1 Model 2 Model 3
constant (demand) | 2.2743 3.7482 11.6740
(8.4739) (8.4777) (8.4217)
lag log(RIN price) | 0.9742* 0.9739* 0.9682*
(0.0072) (0.0072) (0.0072)
log(RIN inventory) | -0.1811* -0.1838* -0.2343*
0.0532 0.0531 (0.528)
3 month t.b. rate | -13.3044* -14.2713* -18.7675*
(3.7066) (3.6965) (3.6686)
shelf-life indicator | 0.3237* 0.3118* 0.3011*
(0.0676) (0.0676) (0.0670)
constant (supply) f -0.4942** -0.2420 6.2590**
(0.1755) (0.1815) (2.6221)
log(RIN price) f -0.0019** -0.0008 -0.0027*
(0.0006) (0.0006) (0.0006)
log(® &) - log(® ) f -0.2785*
(0.0372)
log(® §) - log(0 ) 1 -0.0043
(0.0400)
log(® ) - log(d ) f 0.2384*
(0.0442)
log(® ) - log(® ) f 0.0449*+*
(0.0271)
log(® ) - log(d ) f 0.0844*
(0.0335)
C A Vo e i 0.0347*
Ol s 11 (0.0058)
log(WTI crude price) f 0.0083**
(0.0037)
log(Midwest corn price) f -0.0212*
(0.0031)

N=313; * = signficant at the 1% level, ** = significant at the 5% level, *** = significant at the 10% level
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Figure2.4: EthanolRIN Market under a Binding Regime
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Chapter 3

Ethanol Polices and Regional Markets: An Examination of the Determinants of State

Ethanol Prices

3.1 Introduction

Driven by federal policies and state regulations, ethanol is currently an essential
component of the U.S. motor fuel supply. Nonetheless, the level of etHandiny has
always varied considerably across regional markets. Tablshows the shares of ethanol
blended with gasoline in selected states from 2008 to 2013. The blending percentages ranged
from 1.69% to 11.97% across states and in a span of sis.ydaespite this evidently
heterogeneous market environment, the elements that influence regional ethanol markets
have not been examined extensively in the literature. The understanding of this is important
for one to better assess the effects of ethpolaties on regional blending markets.

This paper seeks to bridge the gap in the empirical literature of ethanol policies and
regulations. Utilizing weekly wholesale ethanol prices at the state level, we identify and
examine the possible factors goalicies that influence regional ethanol markets. Our results
indicate that regional prices adjust to various types of ethanol policies and regulations.
Furthermore, we conduct an empirical application of the cointegration technique proposed by
Goodwin aad Schroeder (1991) and investigate the factors that drive integration among
markets. Our results indicate disparity in regional market conditions play a big role in

facilitating trades that enhance the overall degree of cointegration. On the othethleand,
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prices of regional markets tend to diverge considerably in the presence of a binding federal
mandate.

The paper is organized as the following. A brief overview of the current ethanol
policies is given in Section 3.2 The relationship between reganprices and ethanol
policies is thoroghly investigated in Section 3.3 The factors that affect cointegration
among regional ethanol miets are examined in Section 3.4Concludingremarks are
offered in Section 3.5
3.2 Overview of the Federal and State Ethanol Policies

To a large extent, increasing use of ethanol in motor fuel has been the result of
government policies and blending economics. Specifically, blending incentives induced by
the federal and state policies play an important role iardehing demand and supply for
ethanol. The following provides a summary of the major components of federal and state
policies related to ethanol.

3.2.1 Federal and Environmental Policies Related to Ethanol

The two main workhorses of ethanol policiedtsd federal level are the Renewable
Fuel Standard (RFS) and the Volumetric Ethanol Excise Tax Credit (VEETC). The RFSis a
federal program that mandates the use of renewable fuel in motor fuel. The initial RFS,
known as the RFS1, was established asaltref the Energy Policy Act (EPACT) in 2005.
Following RFS1, a more advanced and complicated fuel standard, known as RFS2, was
enacted the law with the passage of the Energy Independence Security Act (EISA) in 2007.

The fundamental difference betweée two is that the RFS2 incorporates diesel fuel into the

155



pool of motor fuels and expands from a single standard to four stafidarfiee RFS

mandates refiners and importers of petroldaased motor fuel to blend increasing volumes

of renewable fuels witlyasoline and diesel, culminating with 36 billion galfSria 2022.

Each obligated party’s renewable volume obl
determined by multiplying its annual production or imports of gasoline blendstock by the

RFS of that gar.

The VEETC was enacted as part of the Energy Tax Act (ETA) of 1978 to encourage
the production of ethanol. The VEETC states that blenders receive a fixed fee in the form of
tax exemption from the U.S. Department of Energy (DOE) for every rgalfoethanol
blended with gasoline blendstock. The VEETC was initially set at 40 cents per blending
gallon and was increased to 60 cents per gallon in 1984. The Omnibus Budget
Reconciliation Act (OBRA) of 1990 reduced the tax credit to 54 cents pengallois level
was maintained until it was reduced by the 1998 Transportation Equity Act (TEA): the tax
credit was reduced to 53 cents per gallon for 2001 and 2002, 52 cents per gallon for 2003 and
2004, and 51 cents per gallon through 2007. The 2008 Bdirfurther reduced it to 45
cents per gallon. The VEETC expired in 2011.

Environmental standards also play a vital role in affecting ethanol usage. The 1990
Clean Air Act (CAA) requires EPA to regulate fuels and fuel additives for use tormo

vehicles if such fuel, fuel additive or any emission products causes or contributes to air or

*3The four standards are cellulosic biofuel standard, biomass based diesel standard, advancetdiafiee! s

and total renewable biofuel standard.

**The RFS2 caps the use of conventional ethanol produced from corn at 15 billion gallons in 2015 and requires
the remaining 21 billion gallons to be produced from advanced biofuel, including at leastidr6 dallons

from cellulosic feedstock.
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water pollution that may endanger the public health or welfare. The two main environmental
standards resulting from this are the Reformulated Gasoline PrgBfG) and the Gasoline

Reid Vapor Pressure (RVP) Program. The RFG program mandates that the gasoline
blendstock in certain states be reformulated to reduce vehicle emissions of carbon monoxide
(CO) and ozone forming compounds. Moreover, gasoline blemdest blend a certain level

of oxygenate to the reformulated blendstock for oxygenate blending (RBEh that the
finished gasoline blend meets the 5.7% of oxygenate minimum. Thé’RE&@ram is in

effect throughout the year and is currently mandatetl7 states: California, Connecticut,
Delaware, lllinois, Indiana, Kentucky, Maine, Maryland, Missouri, New Hampshire, New
Jersey, New York, Pennsylvania, Rhode Island, Texas, Virginia, and Wisconsin. RBOB
currently covers about 30% of the gasoline blemdhe United States. Since the ban of
methyl tertiary butyl ether (MTBE) in 2005, ethanol became the only type of oxygenate
that has allowed blenders to meet the CO and oxygenate standards.

The RVP program regulates the vapor pressure of gdigjasoline blend during the
summer ozone season (May 15 to September 15) to reduce evaporative emissions that
contribute to groundevel ozone and diminish the effects of ozoakted health problems.

The RVP requirement for each stai®e reported in @le 3.2. Note that the RVP

requirements for other months are less stringent, at 14.72li§phi) for all states. For

**RBOB is a type of gasoline blendstock, and it refers to gasoline before the addition of ethanol or other
oxygenate.

* For a concise list of areas participating, whether mandatory einojn the RFG programs.efer to
http://www.eia.doe.gov/emeu/steo/pub/special/rfg2.html

*’MTB is an ether made from methanol produced from natural gas and the most widely used oxygenate until it
was removed &im the gasoline blending market due to environmental and health concerns.
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refiners, it is more costly to produce gasoline blendstock with lower RVP. Thus, states with
lower RVP requirements are expected teehhaigher gasoline blendstock prices.
3.2.2 State Level Ethanol Incentives and Regulations

States currently employ numerous types of policies and regulations for ethanol. By
design, these policies are used to promote job creation or emission redinctagh
production incentives and increases in consumer demand for ethanol. The state policies and
regulations for ethanol are summarized in Tadke

All of the state production and blending subsidies from 2008 to 2013 come in the
form of income tavor sales tax credits. Production subsidies appear in eight states: Kentucky
has the highest amount of $1.00 per gallon, followed by South Dakota, Minnesota, Montana,
Nebraska, New York, Indiana, Missouri, and Kansas. Production subsidies ended on June
30" 2010 for Minnesota and June"™R012 for Nebraska. Moreover, the production subsidy
for Montana never took effect because no ethanol was produced over the sample period.
Blending subsidies exist for three states: lowa has the highest level at $eeigallon,
followed by Kansas and Oklahoma. Eight states have ethanol mandates in place during the
same time period, ranging from 2% to 10%. Among the 8 states, only Montana has a
production requirement for the mandate to take effect. In all, beca#se90% of the
ethanol is produced in the Midwest states, it is not surprising to observe that there are more

production and pricing policies for this region.
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There are two main types of regulations for ethanol at the state level: labelling and
contractsof retail gasoline franchisee. Ethanol labelling requireniul for retailers to
label at the gas pumps when ethanol is included in the gasoline blend. Ethanol labelling is
not required in close to half of the states in the Midwest region. Onhbe lind, with the
exception of California and New Jersey, ethanol labelling is required for all other states.
Some state governments also regulate the contracts of retail gasoline franchisee as a means to
lower entry barriers for introducing ethanol &etretail level. Specifically, some states
require that a franchise contract may not restrict a retail franchisee from participating in any
of the following: i) selling ethandbased renewable fuel; ii) limiting or restricting a
franchi s e e emsl gagdine blentdsyock twith ethanol; iii) purchasing ethanol from
other sources if the franchisor does not offer it; iv) converting an existing tank or pump for
renewable fuel use; v) installing an ethahaked renewable fuel tank or an ethanol blender
pump; vi) selling an ethanddased renewable fuel in place of one grade of finished gasoline,
if the franchisee is required to sell three grades of gasoline; vii) advertising the sales of
ethanolbased renewable fuel. This regulation exists in South DaK@&manessee, North
Carolina, and New Jersey.
3.2.3 Previous Literature

Previous empirical literature on the effect of policies on ethanol market has been
sparse. Du and Hayes (2009) quantify the impact of increasing ethanol production on
wholesale andetail gasoline prices. They find that the growth in ethanol production kept

wholesale gasoline prices $0.14/gallon lower than would otherwise have been the case.

®« Contains less than 10% ethanol” is the l abelling re
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Moreover, the negative impact of ethanol on retail gasoline prices is found to vary
consideably across regions, with PADD 2 having the biggest impact at $0.28/gallon and
PADD 4 having the least impact at $0.07/gallon. The U.S. Petroleum Administration for
Defense Districts (PADDs) are shown in Figl8&. Their results also indicate that the
ethanoi nduced reduction in gasoline prices €0 me
et al. (2007) estimate the effect of gasoline content regulation on wholesale prices and price
volatility. They investigate the extent to which the estimatedepeffects are driven by
changes in the number of suppliers versus geographic segmentation resulting from
regulation. Different from Du and Hayes, they find that gasoline prices in regulated
metropolitan areas increase by an average of 3 cents/gal. Howeseprice effect varies
across regulated markets and the heterogeneity across markets is correlated with the degree
of geographic isolation generated by the discontinuous regulatory requirements. Du and
Carriquiry (2013) uses a spatiotemporal modeintestigate the heterogeneity in ethanol
adoption and market development. They identify several regional factors that lead to
differential inclusion rates of ethanol in the transport energy mix, including the relative price
of gasoline to ethanol, statvel ethanol incentive policies, feedstock availability, household
median income, MTBE bans, and the density of local railroad and alternative fuel retalil
infrastructure.

In summary, with the exception of Du and Carriquiry, most of the previous literat
are primarily focused on the effect of biofuel polices on the gasoline market. Due to a lack
of empirical research on policy and ethanol markets, we wish to fill the gap in the literature

by examining the direct effects of policies on regional ethanoés.
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3.3 Factors Affecting Regional Prices of Ethanol
3.3.1 Methodology

One of the main objectives of this paper is to examine and empirically identify the
factors that influence regional ethanol prices. The approach is straightforward: we use
weekly wholesale prices for ethanol collected from the blending terminals in different states
to estimate a reducddrm model of prices and possible influencing factors. Specifically, we
examine how federal and state ethanol policies, in conjunction ailitr market factors,
affect the prices for ethanol at the wholesale level in different states. Ideally, a structural
model that include firm entry, local supply for ethanol, and arbitrage decisions of blenders
would allow us to better control for the rkat factors that influence prices. Due to the
difficulty in acquiring the data necessary to conduct such analysis, we instead utilize
available data and focus on the partial effects of policies and regulations on prices. These
partial effects should alv us to better understand the effects of ethanol policies on markets
at the regional level. The following provides a summary of the factors that could affect the
regional prices of ethanol.

In the gasoline blending market, ethanol mainly h@dsnomical value for refiners
and blenders due to its relatively high octane rating compared to alternative octane sources.
Because it is costly for refiners to produce gasoline blendstock with higher octane rating,
blenders typically blend ethanol wiBuboctane rating gasoline blendstock (which is less
costly to produce) to take advantage of et h
Methyl Tertiary Butyl Ethe(MTBE) was banned from blending with gasoline blendstock in

2005, the only currertictane substitutes for ethanol are the aromatic compounds known as
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benzene, toluene, and xylene (B¥Xagents. These aromatic compounds are produced by
the same refiners that produce other gasoline blendstock. In general, the refining cost of
BTX dependson the local price of crude oil. The refining cost of BTX is often perceived as
the octane value of ethanol. Because different states are expected to have different cost of
producing gasoline blendstock, the demand for ethanol also differs dependhrey cost of
refining BTX. Thus, the perceived octane value of ethanol is expected to positively influence
ethanol prices.

The level of competition among marketers of ethanol may also affect state prices.
The ethanol industry as a whole has exhibéddgh level of competition during the sample
years. Table8.4 reports the indicators illustrating the level of competition in the ethanol
markets. These figures are taken directly from the annual concentration reports composed by
the Federal Trade Comssion (FTC). For all of the sample years in our study, the
HerfindahtHirschman Indexes (HHj based on different calculating criteria have been low
enough for the FTC to conclude that ethanol markets are unambiguously competitive and not
concentrated. To represent the level of competition, we use the share of posted ethanol
prices by branded marketers. The difference between branded and unbranded ethanol is that
branded ethanol can only be sold at andt ai l

(e.g., Shell, British Petroleum, Valero, etc.). On the other hand, unbranded ethanol can be

* These aromatic compounds have octane ratings similar to that of ethanol and have a longshisttaye
enhancers in gasoline blends.

% The HHI ranges from 0 to 2500. The FTC defines a market to be unconcentrated or competitive if the HHI

level is below 1000. HHI between 1000 and 1800 indicates moderately concentrated markets, which may or
may not raise competitive concerns. Markets with HHI over 1800 are highly concentrated and are more likely
to wield sufficient market power to set or coordinate on prices or output.
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sold under any name. If the ethanol market is as competitive as stated by the FTC, we
would expect an increase in the share of branded ethanol to negatiledyce prices. The
rationale behind this is that the unbranded ethanol sold by marketers marketing for ethanol
plants has a larger total share of the market. Thus, branded ethanol needs to be priced
competitively for it to gain share in the marketn @e other hand, the causation could also
go the other way: higher proportion of branded ethanol increase prices due to the branded
premium. In all, the expected effect of the price share of branded ethanol is ambiguous.

Local ethanol supplies antia prices of ethanol feedstock may also affect ethanol
prices at the terminals. To control for supply conditions, we utilize the number of ethanol
plants in each state and the price of Midwest Corn. The number of operating ethanol plants
in each state ia proxy for local ethanol supplies while the price of corn indirectly measures
supply conditions in Midwest. We assume that both are exogenous in theushofatal
and Thurman (2014) show that the number of operating ethanol plants is likely
predetemined in the shostun. Irwin (2013) suggests that the price of corn is exogenous
when the demand for ethanol is fixed in the shont due to a binding blending mandate.
The number of operating ethanol plants is expected to negatively influence peicawthe
price of corn is anticipated to positively affect ethanol price.

Government policies can also affect regional ethanol markets. Specifically, policies
at the federal level are expected to be more influential due to its extent and maghhede.
RFS is expected to positively influence the price of ethanol because it mandates an annual
increase in ethanol bl endi ng. Due to the f.

credit, it is expected to negatively affect the price of ethalwlvironmental policies may
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also influence regional ethanol markets. The effect of the RVP program on ethanol blending

is ambiguous. On one hand, the blending of ethanol with gasoline blendstock increases the
RVP of finished gasoline blend. On the othand, finished gasoline blend containing 9 to

10 percent ethanol is given one unit of RVP allowance. Thus, the effect on the price of

ethanol is likely to depend on the refining cost of gasoline blendstock at the state level. On

the other hand, the effeof the RFG program on the price of ethanol is clear: It is expected

to positively influence price because it requires oxygenate to be blended with reformulated

gasoline blendstock.

State ethanol policies may also influence the blending incentives ahadth
Franchisee contract restriction is expected to positively influence the price of ethanol in
states where the entry barrier for introducing ethanol at the retail level is lower due to
contract regulation. On the other hand, the expected effectefethanol labelling laws on
regional consumption of ethanol is ambiguous. On one hand, the economic merit for
blending ethanol comes in the form of lower consumer prices, albeit in the form of lower
driving mileage per ga bycontent.d@ndhe odtleer hand,htdaso | ' s
been well documented that many motor fuel consumers believe that usage of ethanol will
damage <car engines in the | ong run. Furth
attitudes towards biofuel may be influendag both consumer demographics and views on
energy security and environment al i ssues.
towards biofuel has offered mixed results. Ulnedral (2004) find that Oklahoma
consumers consider cost to be more impariasn environmental impact, and environmental

impact, in turn, to be more important than vehicle performance in their decision to purchase
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an ethanol blend. Llat al (2009) show that willingness to pay for rpetroleum motor fuel
is higher for femaledjberals, those with higher incomes, and those who believed that it is
important to reduce dependence on imported energy. Jensen et al. (2012) find that
consumers are willing to pay a premium for fuel blends that contain a lower percentage of
imported fiel, and that the amount of this premium is influenced by both consumer
demographics and views on energy security and environmental issues. Finally, the ethanol
production subsidy and mandate policies at the state level can also influence the ethanol
blendng market through quantity and price intervention.

Employing the factors possibly affecting the price of ethanol, a fixed effect version of

our empirical model can be stated as:

O * 1T 287 1 20cx T 2005 1 280
[ 20Y [ 2YOY! zYeH 1 2'Y00
1200 1 28Y 1 2°Y0p 1 2
foEYDG T ZYYR Tz YDRZUYD
Tz Y 2Y'YR o - R (3.1)
where¢ pfBlouvand 6 plgho, ..., T. T h & is thanuinkebof sates ands the

number of weeks)  is the price of ethanol for statein weekd. 6 "¥, and( oy are the
branded share and ontvalue of ethanol for statein weeko. ‘O 0y is the number of

operating ethanol plants for statdn weeko, and® 0 is the Midwest corn price in week t.
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"0, and’Y 'O’y are the federal ethanol blending subsidy eatd ethanol mandate blending
requirements in weeé 'Y & § is the reid vapor pressure requirement for staiie weeko,
and 'Y'O'Gs a time invariant dummy that takes a value of 1 if states required to
participate in the RFG progra 0 0 is a time invariant dummy that takes 1 if stateas an
ethanol labelling law. Similarly) 'Y is another time invariant dummy that takes 1 if state
regulates franchise contractslY0 ; and "Y"¥ are time varying dumies that take 1 if
ethanol mandate and ethanol production subsidy exist for &tateveek t. "YO (; and
"Y"Y§ are the actual levels of the state ethanol mandate and ethanol production subsidy for
state¢ in week t; they are interaad with the corresponding time varying dummiés. is an
intercept that may be different for each point in time.represents the combined effect on
0 j in state¢ of all unobserved variables that are constant over timg. is the random
variation for stat& in weeko.

Standard techniques of panel data estimation are applied. Becaysés not
stationary, with the exception of dummy variables, we first difference all other variables to
avoid spurious resudt Although we conduct the empirical analysis in first difference rather
than level, the interpretation of the estimated coefficients does not change.

3.3.2 Data Description

The average weekly state wholesale prices of ethanol at the terminal level are
composed of daily average prices collected from the Oil Petroleum Information Service
(OPIS). This is the price of ethanol that gets blended prior to shipping to retail stations. The

daily average state prices are the averages of the closing ethanpficaskat the terminals
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within each state. They were composed by OPIS across the terminals they track from April
2008 to March 2013. This list of liquid terminals is reported in Ta8lEle From Figure3.2,

it appears that most of the terminals are ledah the Midwest region. Because we only

have the average state prices, we assume that the state prices in other PADDs are a good
representation of the local demand and supply conditions. Prices are reported for a total
number of 35 states during thergale period. The daily share of branded ethanol price is
also collected from OPIS.

Because the prices of BTX compounds are not publicly available, we instead use the
dollar per octane rating as a proxy for the replacement octane value oblethEns is
derived by first differencing the wholesale premium and regular gasoline (without ethanol)
prices and further dividing this price difference by the disparity in the octane rating between
premium and regular gasoline. This information is cbdd from the U.S. Energy
Information Administration (EIA). The time series of the Midwest corn price and the
number of operating ethanol plants in each state are collected from the Nebraska Energy
Office. Lastly, information regarding ethanol policieslaegulations are collected from the
EIA, the EPA, and the Alternative Fuel Data Center.

3.3.3 Empirical Results

The estimated results of equati(8l) are reported in Table36 to 3.11. Because
both the Hausman test and the fixed effeté$t suppdrthe use of model in equati¢8.1),
we focus our discussion based on model 5. The estimated results for the full sample are
displayed in Table&.6. In general, the estimated coefficients have the expected signs, but

vary in magnitude and significancevel. For the fixed edict model that control for both

167



state and time effects, ethanol blending mandates at the federal and state level exhibit the
largest effects on ethanol price. At the federal level, a one percent increase in the federal
ethanol manate induces an increase of 18.7 cents in the wholesale price of ethanol. At the
state level, a one percent increase in the state ethanol mandate is accompanied by an increase
of .91 cents in the price of ethanol. Octane value displays a strong influerice price of
ethanol: a one cent increase in the octane value raises the price of ethanol by 3.8 cents. The
coefficient on the share of branded prices suggests that the competition effect outweighs the
effect of branded premium at the wholesale levadtbanol markets: a one percent increase
in the branded share induces a 0.2 cents decrease in ethanol price. The coefficients on the
number of ethanol plants and Midwest corn price have the expected signs. The latter is the
most consistent variable terms of expected sign and significance level: a ten cent increase
in corn price is accompanied by approximately a one cent increase in the price of ethanol
across all models. The negative coefficient on RVP standard indicates that ethanol is
blended lss during the summer ozone months. The coefficients on ethanol labelling and
retail contract regulation have the predicted signs, but neither is statistically significant.

The withinPADD results are reported in Tabldg to 3.11. Once again, weous
our discussion based on model 5. Share of branded ethanol price appears to have a stronger
effect in PADD 2 and 4, indicating the level of competition are higher in these regions
compared to other PADDs. The result for PADD 4 is slightly surprigimgn that it is
considered to be a thin market for ethanol blending. Octane value seems to have the greatest
effect on PADD 5, followed by PADDs 1, 2, 3, and 4. The result for PADD 3 does not come

at a surprise. Due to the fact that is a major crubdeegion, the refinery cost for octane in
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PADD 3 should be lower relative to other PADDs. The coefficients on the number of
ethanol plants within state suggest that PADD 4 and 5 are more influenced by local supply
conditions of ethanol. This seems lodib@cause shipping ethanol from the Midwest to
these two PADDs takes longer time and is generally considered to be more costly.
Moreover, the effect of a change in Midwest corn prices also appears to be smaller in PADD
4 and 5.

Due to the fact that theris not much variation in the state laws or policies within
PADDs, we are only able to generate within PADD results for some of the policy variables.
Nonetheless, some of the government and environmental policies appear to influence the
regional prices oethanol. Among the five PADDs, the coefficients on the RVP program
suggest that the demand for ethanol blending in PADD 3, followed by PADD 1 and 5, is
most negatively affected by the RVP requirement. This is consistent with the fact that cities
in thee PADDs have a more stringent RVP requirement compared to other PADD cities. In
other words, ethanol blending during summer ozone season in these PADDs decreases due to
the fact that ethanol raises the RVP of the finished gasoline blend. While ndicatbtis
significant, the signs of the coefficient on the labelling restriction suggest that labelling may
have a positive effect on the demand for ethanol in PADD 2. This appears to be reasonable
given that the ethanol industry constitutes a large commpookthe local economies in
PADD 2. The result is reversed for PADD 1, perhaps indicating that consumers in PADD 1
are more negatively influenced by the energy inefficient and vehicle engine issues brought
about by gasoline blend containing ethanol. &bwer, state ethanol mandates appear to

affect PADD 1 more than PADD 2. Finally, the most consistent results across all PADDs is
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the positive effect that federal mandate has on ethanol prices. The federal mandate appears
to have the biggest impact on PBD!4, followed by PADDs 1, 3, 2, and 5. The estimates
range from 11.4 cents to 21.7 cents for a one percent increase in the mandate.

In summary, the empirical results suggest that while regional demand and supply
factors play large roles in determinitige prices of ethanol, federal and state policies also
appear to be influential. Specifically, the federal ethanol mandate, the RVP program, and the
state ethanol mandate and production subsidy are shown to have consistent effects on the
regional prices bethanol. Because our panel data analysis is static, we next consider the
dynamic relationships between ethanol prices and their determinants by examining the
cointegration among ethanol markets.

3.4  Spatial Price Linkages

Market integration and thevaof one price (LOP) have been studied for a number of
commodities. Richardson (1978), Ravallion (1986), Ardeni (1989), and Baffes (1991), test
the LOP for wheat, wool, beef, sugar, tea, tin, and zinc. Goodwin et al. (1990) examine the
LOP for a number fooilseed products, wheat varieties, corn, and sorghum. Sexton et al.
(1991) investigate market cointegration for celery. Goodwin and Schroeder (1991) examine
the market cointegration for cattle. Froot et al. (1995) test the market cointegration for
grans, dairy products, eggs, peas, and silver. Murray and Wear study the market
cointegration for lumber. Goodwin and Piggott (2001) assess the market cointegration for
corn. Goodwin et al. (2011) analyze the market cointegration for oriented strand board

Thus far, market integration has been investigated through different methodological

approaches: i) by estimating static regressions among the involved price series; ii) by
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applying dynamic approaches based either on Granger causality testing ortiadterna
causality procedures; iii) by exploring cointegration techniques, using eithewaxidte
cointegration framework or a multivariate cointegration framework; iv) by employing vector
error correction model (VECM); and v). by utilizing regime switchingdel in the presence

of threshold effects. In this section, we follow the methodology proposed Goodwin and
Schroeder (1991) and analyze the long run linkages among regional ethanol prices.
Specifically, we investigate whether or not ethanol policiéscaimarket cointegration over
time.

Because our analysis is based on-pase cointegration testing of price series, it is
important to note that empirical results of these price tests may be driven in part by the effect
of common factors or influeres affecting all prices under study. For instance, if region A
and B both export to region C, the price difference between all three regions should equal the
difference in the transportation and other transaction costs of exporting from A and B. In
this case, the only way in which the price movements of the three regions can closely track
one another is through constant transportation cost and efficient arbitrage conditions. Thus,
under pakwise testing, many cointegration relationships can vanistnwiansportation or
other transaction costs of trading products from main production site to intermediate sites are
not constant. In this light, we evaluate our empirical results with caution.

Because we wish to evaluate market cointegration rel&ijpm®ver time, we follow
previous literature to subset our data into different time periods. Because choosing the
wrong periods to subset can delink cointegration relationships, we evaluate the possible

break points through the use of the Pairron (198 and 2003) structural break test. Our
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results indicate that break points usually occur between November and February. Due to the
fact that federal ethanol mandate changes annually, we choose the end of the year as our
break points. Based on the ethapobduction pattern over the sample period, we further
choose the length of each period to be two years. Ta® displays the total U.S.
production of ethanol in the sample period. In 2008 and 2009, ethanol production was lower
due to the fact that pply was limited by the number of ethanol plants. Thus, the supply for
ethanol was just above the federal mandated level in those two years. However, as new
plants were being built and as new production camknen ethanol production reached its
peak h 2010 and 2011. Nonetheless, as the federal mandate was raised to the level over the
physical blending limit of ethanol (10%), the production of ethanol remained at the same
level ever since 2012. Thus, ssétting our data into three periods of two ryedervals
allow us to evaluate policy effects based on the change in the market structure of ethanol.
3.4.1 Non-Stationarity and Cointegration

Before beginning the procedure for conducting cointegration tests, we first conduct
ordinary least square (3) estimation on possible pair prices to examine whether or not a

long run relationship exist between each. Consider the following equation:

TF]ZGFI T (32)

Ca
¢

where0 ; and , are the natural logarithm of the ethanol prices in $tatelj at timet. T

is the cointegrating parameter between price sergslj, and- is a normally distributed

random variable. As Tabl8.15 shows, all of the estimated cointegrating parameters are
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statistically significant at the 1% level. However, the estimated cointegrating parameters are
considered to be spurious if the pairing price series are bottstatomary. Thus, we
proceed with the unit root tests, and, if necessary, the cointegration tests.

Following Oxley and Greasley (1998),standard twstage procedure is conducted to
examine linear dependency between ethanol prices in different staddéfei@nt point in
time. In the first stage, the order of integration of the natural logarithm of the prices is
examined. Conditional on the outcome of the tests in the first stage, the second stage involves
investigating the cointegration relationshipsngseither univariate or bivariate tests. The
rationale for the procedure can be illustrated by considering eqat®)n Price seriesand
j are said to be cointegrated if (i); and0 j; are both nosstationary in levels and (ii) some
linear combination of the component variables is stationary. Thus, a cointegration test must
be preceded by a nonstationary test for each of the variables in question. As ansufficie

condition, we test whether each price series can be characterized by a unit root process:

C
5¢
C

D -, (3.3)

wher e i =1 g @tlize.threeltests forvthis condition. The first test is the augmented

Dickey Fuller (ADF) unit root test (1981):

YOr | %Zz0jf B 1 Y0p R, (3.4)

where
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( g% pt Of hasa unitroot.

( g% pt Op is stationary.

The selection of n should be made such that the m@situm in the model (4) is
approximately white noise. The choice of lag length is important, as the resulting test statistic
is sensitive to the number of lags in the model. If too few lags are included, there will remain
autocorrelation and size distor. However, if too many lags are included then the power of
the test will suffer. While there are several approaches to determining optimal lag length, we
select the |l ag | ength that minimizes the Aka
metodology suggested by Enders (2003) by first fitting an autoregression on the price series
in level. The maximum lag length for the autoregression model is set to be 52 for the full
sample and 20 for the subsamplesWe then identify the lag length thainimizes the AIC

and conduct likelihood ratio tests to confirm that the residuals are white noise under that
specified lag length. Because the ADF test is run in differences, the lag length chosen to
perform the test is the optimal lag length in levehnsi one.

The second test utilized is the Phillipsrron (PP) (1998) unit root test:

YOr | “ z0j z, (3.5)

®1 Because there is no guide in theory for weekly data, we choose the maxiomaber of lags in the AR
model based on repeated testing. The results are invariant once we get passed the threshold of 52 for the full
sample and 20 for the subsample.
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where the null and alternative hypothesis & game as the ADF test. The PP test differs
from the ADF test mainly in how it deals with serial correlation and heteroscedasticity in the
errors. Anadvantageof the PP test is that it ison-parametric it does not require the
practitioner to seledag length and account for serial correlation as in the ADF. Specifically,
the PP test uses NewdVest standard errors to account for serial correlation, whereas the
ADF test implements additional lags of the fidstferenced variable. The PP test takies

same estimation scheme as in the DF test, but modifies the statistic to account for
autocorrelation and heteroskedasticity (HAC type corrections). On the other hand, the main
shortcomingof the PP test is that it is based on asymptotic theory. Thigsknbwn to work

well only in large samples. Moreover, it also shares the disadvantages of the ADF test:
sensitivity to structural breaks and poor small sample power, which often results in the
rejection of the unit root null. Note that the PP statidtas the same asymptotic
distributions as the ADF statistic.

As Table3.16 illustrates, we fail to reject the null hypothesis for each of the price
series in the full sample and in the three subsamples. This is not surprising to observe given
how persigtnt and varying weekly commodity price series tend to be. We further confirm
that the price series are (1) byaenducting the tests in first difference, in which the null
hypothesis is rejected for every case. Given that these unit root tests nmoodtenafail to
reject the null hypothesis for highly persistent data, we do a cross check by conducting the

Kwiatkowski-Phillips-SchmidtShin (KPSS) (1992) test:

C
=x
N
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‘ * Rh rRD m, (3.6)

where
( d T+ U is stationary.

( d, t+ O has a unit root.

Different from the ADF and PP unit root tests, the null hypothesis for KP$&tishe price

series in question is stationary. With the exception of the Louisiana price series from 2012 to
2013, we reject the null at the 5% level for every other series across the three time periods.
In all, the unit root tests support netationaity in the price series.

Next, we test for the existence of linear cointegration relationships between the price
series. Because our empirical strategy is to conduciniser tests, we utilize a total of four
types of univariate and bivariate modets €ointegration test. The first cointegration test
employed is the Engel and Granger (1987) univariate two step rebased test. This
approach utilizes the fact that the linear combination of twostationary variables, their
residuals in this cas should be stationary if the two are cointegrated. In the first stage, one
estimates (2) using ordinary least squares (OLS). In the second stage, one tests for a unit root

in the residuals from the first stage using the ADF test:

YR %0% R % (3.7)

where
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( g% T+ 0f anddy are not cointegrated.

( % T+ 05 andDj are coitegrated.

Once again, we use the minimum AIC to select the lag order. The lag requirements for each
pair of price series are reported in Ta8el7 t03.19. The second cointegration test that we

utilize is the PP test:

YR @WZR z, (3.8)

where the null and alternative hypothesis are the same as the EG test. This is also a residual
based test and an extension of PP’"s unit
univariateprocedures, a total of 930 pawse tests for each are possible.

The third and fourth cointegration tests that we employ are based on the vector error
correction (VEC) model. In general, the cointegrated variables are generally unstable in their
levels but exhibits meaneverting spreads that force the variables to move around common
stochastic trends. The tendency of cointegrated variables to revert to common stochastic
trends is what constitutes the error correction term in the VEC model. In esgencate at
which series correct from disequilibrium is represented by a vector of adjustment speeds,
which are incorporated into a vector autoregressive (VAR) model through a multiplicative

error correction term. That is

Yor |1 z0f B Y05 R, (3.9)
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whereg 0 is the error correction vector ands the vector of adjustment speeds. The test
for cointegrati (991)wankitdsti mew codtext) thenJolmmséndest can
be viewed as a bivariate generalization of the ADF test. The generalization is the
examination of |l i near combinations of wvari al
are based on the emlues of the data transformations, and they consist of the linear
combination of the data that have maximum correlation. The Johansen procedure is carried
out by testing the rank of thg matrix. The rank test statistic is generated from the
maximum eigenvalue test and the trace test. In our bivariate scheme, |iff ra)#({, the

pairing price series are not cointegrated because there are no stable linear combinations in
levels. If rank(T )=2, or that the matrix has full rank, then the pairing price series are both
stationary in levels. If rank{ )=1, then the pairing price series are cointegrated in levels.
We only report the statistics that test the nultaofk zero versus the alternative of rank one,

as we fail to reject the null test of rank one versus the alternative of rank two for each pairing
price series. This reconfirms the unit root test results because rank two in a bivariate case
means that thprice series in question do not have unit roots. Similar to the EG cointegration
test, the resulting Johansen test statistics are particularly sensitive to the number of lags in the
model. Thus, analogous to the univariate case, we select the lag@rtiee fank test by
identifying the minimum AIC of the bivariate VAR in level. The lag requirements for the

rank test are reported in Tabl@d20 t03.22. Given the bivariate nature of the framework,
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which essentially imposes symmetry in the test skegisicross the same pairing prices, a
total of 465 paiwise tests are possible for the trace and maximum eigenvallfé. tests

The cointegration results are reported in TaBl28 t03.34. Accounting for missing
data and the exclusion of third period {22013) Louisiana price serf&sa grand total of
9,776 pairwise cointegration test statistics are generated across the three time periods. The
first, second, and third period separately accounts for 2,808, 3,720, and 3,248 of the total test
statistics. We define a paiwise cointegration relationship to exist if the corresponding test
statistic is statistically significant at the 5% level. While this method might preclude some
of the cointegration relationships that are near the 5% significanck iealows us to
define cointegration relationships in a more systematic and stringent manner. Because we do
not know which of the cointegration tests best resemble the true model, we consider them to
be comparable against each other. While not athefcointegration results are consistent
across the four tests, approximately 60% of them conform to one another in terms of
significance level.

The summary statistics of the percentages of statistically significant cointegration
relationships are psented in Tabl8.35. In general, there appears to be limited support for
the existence of spatial linkages in regional ethanol markets. As a whole, cointegration is
supported for 27% of the possible pairing prices across the three time periodsic&8lyecif

cointegration is supported for 41% of the possible pricing pairs for PADD 5 states, followed

%2 The main difference between the trace and maximum eigenvalue tests is fioatnibieis a sequential rank
test. While it does not make a difference in our bivariate scheme, the two tests differ in their applications when
the dimension of the system is greater than two.

® Third period Louisiana price series is excluded becauskiv® reject the null of the associated KPSS unit
root test. Subsequent Johansen’s rank test on the
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by PADD 1 (34%), PADD 2 (28%), PADD 3 (18%), and PADD 4 (15%) states. Moreover,
price cointegration is highest in Period 2 (38%), followed by Period %) 28d Period 3
(17%). Table 3.36 shows the percentages of statistically significant cointegration
relationships between PADD state prices. State prices in PADD 1, 2, and 5 demonstrate to
have a higher percentage of spatial linkages than other comhmatid?ADD state prices
across the three time periods: the cointegration percentages range from 30% to 51%, with
state prices in the same PADD appearing slightly less cointegrated with one another than
with prices in other PADDs. The same is also obsefgedtates in PADD 4. However,
PADD 4 contains the lowest percentage of possible cointegration relationships among the
PADDs. The reason is twofold. First, due to its geographical location, transpbetimanol

by rail is not possible for many of therminals in PADD 4. Thus, these terminals primarily

rely on trucking service for ethanol delivery, which is the most costly mode for shipping
ethanol. Second, due to its high altitude,-satane gasolirfé are allowed for retail sales in
many of the sites in PADD 4. This limits the demand for ethanol in those areas because
blenders generally blend ethanol with sadiane gasoline to produce finished motor fuel for
retail sales. Thus, it is not entirely surprising to observe weak price linkages h&EAB®

4 states and other PADD states. Lastly, PADD 3 states appear to have a greater overall price
linkage within PADD than across other PADDs. The linkages between PADD 1, 2, and 3

prices actually strengthen in period 3, despite the fact that molse adther pairing prices

% Ethanol cannot be transported fipeline due to its corrosive nature. Ethanol is culyeransported 70% by
rail, 25% by truck, and 5% by barge. In terms of shipping cost, transporting ethanol by rail commands the least
cost, followed by barge and truck.

% Suboctanegasoline refers to gasoline (without ethanol) that has an octanefe4br 85.
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exhibit lower levels of cointegration in that period. In all, within each PADD, the strength of
cointegration between prices appears to weaken as the distances between markets increase.
To shed moreight on the individual cointegration between state prices, it is best to
examine the ethanol production and consumption pattern for each state over time3.IPable
to 14 reports the annual ethanol production, annual ethanol consumption, and annual net
ethanol demand (consumption minus production) for each state during the sample period. As
Table 3.13 indicates, over 90% of the ethanol production was manufactured in PADD 2.
lowa produced the largest quantity of ethanol for all 6 years, followed by Mabidmois,
Minnesota, South Dakota, Indiana, Wisconsin, Kansas, Ohio, and North Dakota. These
states covered approximately 84% of the U.S. total ethanol production in the sample years.
On the other hand, the consumption of ethanol was concentratéte inoastal states,
northern Midwest states, and Texas. As Tabi4 reveals, after taking account for
production, the annual net demand for ethanol was indeed concentrated in the coastal states
and Texas. Net ethanol consumption for California wasitpeest in all 6 years, followed
by Texas, Florida, North Carolina, New Jersey, Georgia, Virginia, New York, South
Carolina, and Washington. These states covered roughly 40% of the aggregate ethanol
consumption in the sample years. Because ethanol nedaks shipped out of PADD 2
states, one would expect that the price linkages between major ethanol producing states and
ethanol consuming states to be relatively strong. Indeed, prices in North Carolina, Georgia,
Virginia, South Carolina, and Washingtoave shown to be highly cointegrated with the
prices of major ethanol producing states. In fact, because their consumption sources are all

from the same region, the prices in these main ethanol consuming states are also consistently
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cointegrated with eacbther over time. On the other hand, the prices in Texas and Florida
have not demonstrated to be consistently cointegrated with PADD 2 prices. In the case of
Texas, due to the fact that it is a major oil refining state, the local price of ethanol might be
influenced more by the cost of refining gasoline blendstock. Consequently, this might hinder
the expected cointegration relationships with PADD 2 prices. In regards to Florida prices,
the cointegration with PADD 2 prices is not significant prior to 20%#nilar to Texas, the
cointegration could be driven by other local market factors or state policies.

In summary, the empirical results indicate that cointegration between regional prices
is highly constrained. This suggesisit regional markets may be segmented and arbitrage
opportunities between markets may be limited due to high transaction cost, disparity in local
market factors, or other entry barriers. Furthermore, this also implies that transportation and
other transetion costs may be nestationary. Lastly, the results also suggest that the
regional price linkages may be influenced by the federal blending mandate, as the change in
the overall cointegration level between state prices over the three sample pemattedoi
with the change in the stringency of the mandate.

3.4.2 Factors Affecting the Degree of Regional Price Linkages

In the previous section, cointegration relationships between state prices are defined by
the significance level of different cointegmt tests. While this allows us to define
cointegration relationships in a systematic manner, doing so precludes many of the pairing
prices that have cointegration statistics near the 5% significance level. In other words, the
size of the cointegratiorest statistics should be interpreted as indicators that reveal the

strength of the evidence supporting linkages between prices in spatially separated markets.
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After all, all regional prices of a homogenous commodity like ethanol should be spatially
related, but the level of cointegration between markets could be different depending on the
market incentives that the marketers of ethanol in each market face. In light of this, we
utilize the empirical strategy proposed by Goodwin and Schroeder (1991) amihexa
whether or not federal and state ethanol policies affect the degree of cointegration in ethanol
prices between different states. Specifically, we regress the size of the cointegration test
statistics on the factors that could influence linkages ketveifferent pairing prices. The
following summarizes the factors that could affect arbitrage opportunities between ethanol
markets.

Distance between markets has shown to be an influential factor affecting regional
price linkage in past researciihe rationale behind it is that the cost and risk associated with
trade between markets should increase as the distance between them increases. The risk
associated with arbitrage in our context can be defined as the uncertainty of a change in
relative pices, or opportunity cost, between markets during delivery lags. In theory, as the
uncertainty arising from distance between markets increases, the price linkages between them
should weaken. Thus, distance can be used to represent the economic costedssith
trading between spatially separated markets. Following past literature, we use driving
distance between markets as a proxy for this cost. We also include squared distance to
account for the possibility that this cost may increase at a dihing rate as distance
increases. Distance is expected to negatively affect cointegration in prices while squared

distance is anticipated to positively affect it.
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Market volume of a commodity may affect trade opportunities between spatially
separated mkets. As highlighted in the literature (Tomek, 1980; Tomek and Peterson
2001), this is due to the conjecture that thin markets have a higher tendency to display erratic
price behavior, suggesting that markets with higher volumes should be more coidtegrate
Following Goodwin and Schroeder, we control for thinness of the market through the use of
relative differences of ethanol consumption between states. However, to better account for
the physical blending limit of ethanol and state level gasoline cqutgam we instead
employ the differences in ethanol blending rates between states. We use the differences
between locations because trade should conceivably depend more on the relative size of the
markets. Thus, the relationship between the disparityetimanol blending rate and
cointegration is positive if the thin market hypothesis is true. However, as noted in the
literature, markets with higher volume may also operate independently from other markets
due to shortun local market factors. In this weetrue, the disparity in ethanol blending rate
will negatively influence cointegration.

It is imperative to control for sherun local market factors that may influence
cointegration. From the last section, ethanol holds economical value for refirgers an
blenders mainly due to its relatively high octane rating compared to alternative octane
sources. All things considered, different states are expected to have different cost of
producing gasoline blendstock. Consequently, this may lead to arbitragetuopes
between states: ethanol is likely to be traded to states where the value of octane is higher.

Thus, the difference in the perceived octane value of ethanol between markets may affect
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cointegration. The disparity in the octane value of ethapthden states is expected to
positively affect cointegration.

The level of competition among marketers of ethanol may also affect cointegration
between state prices. Empirical evidences from past literature offer mixed results with
regards to the effecf market power on cointegration between spatially separated markets.
Carlton (1986) examines several indusffiemd finds that price rigidity between regional
markets increases with increasing market concentration in several of them.  Goodwin and
Sdroeder find that the increase in cointegration among regional cattle markets coincide with
increases in the concentration ratios of slaughter markets. They reason that this might be a
result of increased concentration facilitating collusive pricing Wehst among major
competing meatpackers. On the other hand, Doane and Spulberd (1994) find that the
cointegration among regional spot markets of natural gas strengthens as the level of
competition increases after access deregulation. They further shothehacentives for
entering longterm contracts are effectively eliminated by the introduction of competitive
buying and selling of natural gas in the spot market. In all, the empirical literature on this
issue suggests that the level of competitiordede be at either end of the extreme of (high
or low) market power to have an effect on market cointegration. In the case of ethanol
blending markets, the industry as a whole has exhibited a high level of competition during
the sample years. Thus, wespdate that market power, or the lack of it, should have an
effect on the cointegration between state prices. Rather than using HHI or other competition

indicators, we utilize the difference in the shares of posted ethanol prices by branded

® The industries that Carlton study are steel, petroleum, rubber tires, paper, chemicals, cement, glass, truck
motors, plywood, and household appliances.
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marketers beteen states to better account for local competition level. The use of difference
in branded shares implies that markets with higher brand shares should be more integrated
because collusive pricing behavior is more likely to occur. Thus, we expect asmanehe
difference of branded shares to negatively affect cointegration.

After controlling for all possible market factors that can affect arbitrage opportunities
between markets, we add policy variables to examine the effects of gonenpofieies on
regional cointegration The first policy variable to be utilized in the analysis is the federal
blending mandate. Assume the regional blenders are obligated parties who have to comply
with the mandate. In theory, marketers or other setiEethanol have more flexibility to
explore arbitrage opportunities when the mandate is not binding. This is due to the fact that
there should always be excess quantities of ethanol in each state that could possibly be traded
if the shortrun market incetives are sufficient. On the other hand, if the mandate is binding,
this implies that ethanol needs to be physically blended in the binding states. Consequently,
the extent of regional trade will depend on the number of binding andindimg states.

This is because trade should only occur between binding antindimg states, or among
nonbinding states. Trade would not occur between binding states because no excess
guantity of ethanol can be traded between them. If there are very few bindeg stat
should expect the cointegration between those binding states ardgindory states to
strengthen. If market incentives are low for trading to occur betweebindimg states, we
should observe the mandate to have a positive impact on cointagiagao the fact that it
facilitates trades to occur between states. On the other hand, if the mandate is binding for the

majority of the states, then mandate should negatively affect regional cointegration because
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the overall degree of flexibility to nve ethanol is low. When trade is constrained, blending
activities in the binding states will only adjust to their own local demand and supply
situations, leading to a divergence in the movements of prices. Because the production of
gasoline blendstock different across states, the volume of blending obligation for each state
is naturally different from each other. Thus, the number of binding states should depend on
how stringent or high the federal blending rate is. Precise measurement of bindatghess

state level requires data on state level gasoline blendstock production. Because they are not
publicly available, we instead use the second year priethaiholrenewable identification
numbers (RIN) as a proxy to account for the overall bindisgioé the mandate. The second
yearethanolRIN price is chosen because it better reflects the contemporary bindingness of
the mandate. We expect second yethanolRIN price to negatively influence cointegration
associated with pairing prices from bisthtes and positively affect pairing prices with non
binding state. This also allows us to empirically identify which of the states have blended
below their required levels over the sample period.

Lastly, state policies may also influence the cointegnalietween state prices. We
consider the state ethanol labeling law and state ethanol contract restriction in our empirical
exercise. We compare the difference in the level of cointegration between states with
different labelling laws and states with tkame labelling laws. For states with different
labelling laws, if the state labeling law negatively affects motor fuel consumption, we should
expect ethanol marketers in states with labeling laws trying to move ethanol to states that do
not require ethandabeling. In the simple case where fuel consumption is not affected in the

nonlabelling states, cointegration should be higher between the two. The reverse is also
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true: we should expect cointegration to be greater between labelling aitabetimg states

if labelling laws positively affect motor fuel consumption. In both cases, difference in
labelling laws facilitates arbitrage between states. With regards to states with the same
labelling law, the cointegration among them may or may not be hidgépending on
consumer’'s preferences for ethanol consumpt
were a disparity between each state in how labelling las affect motor fuel consumption. In

all, the expected effect of state ethanol labelling laws giomal cointegration is ambiguous.
Further complicating the i Sssue IS t hat CO|
influenced by both consumer demographics and views on energy security and environmental
issues.

The interpretation of the expectedfest that state ethanol contract law has on
cointegration is more straigftrward. Due to the competitive nature of regional ethanol
markets, state ethanol contract laws are expected to negatively influence cointegration
relationships.

Utilizing the fectors possibly affecting cointegration, our empirical model can be

expressed as:

6% I 1 zO0% 1 2O 1 206 O& I zdow Og

Pz 6 8UY T z0Y 20k f z20Y T kR (3.10)

whereQ ph8 o T'Q pfB fo po  pltho; and™Q plfoft. "Cand Care the pairing prices

employed in the cointegration testsis the time periods, andis the type of cointegration
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tests. 6 “Yj; is the type kcointegration test statistic between state priGesd’Gn period 8

0"Y is the driving distance between the average coordinat@araf (state terminals!O Y

is the squared driving distance between the average coordinat@mndfCstate terminals.

06, O6&; is the disparity between the ethanol blending percentad@od Cstate in

periodo. O O i s the difference in theEQ cei ve
state inperiodd. 6 Y 6 Y is the disparity ifand st at e s’ branded sha
prices in period. 0 'Yis the price of second year ethanol RIN in pedod { is a dummy

for state ethanol labelling laws. It takesalue of 1 if the labelling law is different betweén
and’Cstate and takes a value of O if the labelling law is the same between thie ¥is.a

dummy for ethanol contract restriction, and it takes a value of 1 if ethanol contract is not
prohibited in statéQ] y is the residual.

To better understand the effects of market characteristics on the size of ®type

cointegration test statistic between a particlilstate and alltates across time, we utilize a

cross sectinal setup and subset the data for égsfate. Thus, a total number of 121 (31*4)
regressions are possible to estimate under this setup. As highlighted in Goodwin and
Schroeder, because our dependent variable follows -aowmal distribution, ordingrleast

squares (OLS) estimation cannot be directly utilized. To account for this, we employ a
residualbased bootstrap scheme and resample residuals to create 1000 replicates of our
dependent variables. In our case, the difference between using rduwalesir studentized

residuals is trivial. We then obtain bootstrapped standard errors based on the 1000

replications. Finally, we adjust all therdtios using the original OLS estimates with
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bootstrapped standard errors. The inference done this wajdsb® asymptotically more
accurate than the standard intervals obtained using sample variance and assumptions of
normality.
3.4.3 Empirical Findings

The estimation results are reported in TaBI88 t03.45. We only present the results
for states withno missing observations. ThésRgenerated through OLS indicate that the
model explains 18% to 69% of the variation in the size of cointegration test statistics. In
general, the estimated coefficients from using different test statistics have theigasne s
74% of the coefficients on distance and squared distance have the expected signs of negative
and positive, indicating that cointegration between state prices weakens at a diminishing rate
as distance increases. This suggests that the ethanolottatisp cost increases at a
diminishing rate and the risk associated with delivery lags plays an important role in
coordination among state markets. However, the coefficients are consistently positive for
Colorado, Oregon, and Washington, signaling eifhesther measurements should be used
when measuring the cost of shipping ethanol from other areas to the west side of the country,
or (ii) distance does not cause the prices in these states to diverge from other states prices.
Next, 77% of the coefficrs on the ethanol blending disparity are positive, signifying a
support for the thin market theory. 45% of the coefficients for PADD 2 states are significant
at the 5% level, suggesting that they tend to be more cointegrated with larger markets than
compared to other PADD states. 56% of the coefficients on the disparity in octane value are
positive, demonstrating moderate support that marketers arbitrage the economic value of

ethanol. Based on significance level, this arbitrage effect appears to hgestron
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Arkansas, Georgia, North Carolina, and South Carolina. The coefficients are consistently
negative for Indiana, Wisconsin, Ohio, Oregon, Colorado, Montana, and Wyoming,
indicating that there are other market forces or transaction costs thattgrevarbitrage of
octane value for these states. 60% of the coefficients on the disparity in branded share of
ethanol prices are negative, suggesting that markets with higher branded shares are more
cointegrated with each other. This effect appearstgrbater in lowa, Nebraska, Indiana,
lllinois, and Oklahoma. On the other hand, the positive and significant coefficient for
Wyoming suggests that collusive pricing behavior is less likely to exist in thin markets.

With 83% and 60% of the coefficient®ing negative and statistically significant, the
most consistent and significant result is the negative effect of the federal mandate on
cointegration.  This indicates support for the theory that arbitrage incentives and
opportunities between states dimsim when the mandate becomes binding. The consistent
positive and significant coefficient for Florida suggests that it may be one of the few non
binding states that still allows arbitrage opportunities to occur when the mandate is binding.
Although few ae significant, 70% of the coefficients on ethanol contract restriction are
negative, leading to mild support that trade occurs when there is less entry barrier. Lastly,
few consistent and significant results are found between ethanol blending law and
cointegration. Among them, difference in labeling laws positively influences price linkages
for North Carolina, South Carolina, and Georgia.

In sum, there appears to be a strong support that regional price linkages are negatively
influenced by a binding bhding mandate. On the other hand, there also seems to be enough

empirical evidences that indicate disparity in regional market conditions play a big role in
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facilitating trades that enhance the overall degree of cointegration. Moreover, the results also
suggest that regional ethanol markets with higher blending rates tend to be linked more to
one another, suggesting that information flow of prices increases as markets become
comparable in size. Lastly, we fail to detect any empirical findings thatuggest that
price linkages between ethanol markets are affected by ethanol policies and regulations at the
state level.
3.5  Conclusion

The objective of this paper is to examine the effects that policies and regulations have
on spatially separat ethanol markets. This is relevant because accessing policy and
regulation effects through spatial frameworks leads to a better overall understanding of the
overall market performance and policy outcomes. Moreover, a lack of empirical research in
theliterature also motivated us to examine whether or not state policies and regulations imply
market consequences for regional ethanol markets. We examine the ethanol markets in two
dimensions: price level and degree of cointegration. Our results stiggestgional prices
are highly responsive to local market conditions. Moreover, our results also indicate that
federal and state policies influence regional prices. This suggests that regional ethanol
markets function effectively in the presence of neaiikterventions. On the other hand, our
cointegration results reveal that the prices of regional ethanol markets tend to diverge in the
presence of a strictly binding mandate. This, perhaps, is a consequence of the decline in
arbitrage opportunities bgeen markets: the degree of regional trade decreases as the

number of binding states increase.
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Our results lead to the following conclusions. First, regional ethanol markets have a
low degree of cointegration at the wholesale level. This may be dtleetdact that
approximately 90% of ethanol is shipped from the Midwest and that ethanol cannot be
transported by pipelines. Second, because the degree of cointegration is likely a result of
industry logistics, this implies that the threshold autoregressiodels may be suitable for
examining linkages in ethanol markets. Next, the prices of regional ethanol markets tend to
diverge in the presence of a binding mandate. This may or may not be an indication of
inefficiency, but is a clear sign that regiomahrkets are forced to adjust more to local
demand and supply situations. Moreover, the divergence in prices and lags in the flow of
information (as indicated in the lag structure of the empirical models) suggests that there
likely is an increase in thenobserved transaction cost to arbitrage. Finally, ethanol policies
at the federal and state level have different impacts in different regions. This confirms that
the welfare and environmental outcomes of ethanol policies are different for each state.

While we fail to find much empirical support for the existence of linkages between
some of state regulations and prices, this does not mean that they do not exist. In essence,
there is not enough variation in the pgligariables to identify these linkages. Future
research should incorporate more consumer characteristics to better identify and shed more
light on the connection betweenarkets and biofuel policiesFinally, while ourempirical
results on spatial price linkagesuggest state market charactetigs affect market
cointegration, we still rely on cointegratistatisticsrather tha real datan our analysis A

direct test of law of one pricdy examining theprice differenceshetween states could
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provide moreevidenceon the roles that market chararistics playin regional ethanol

blendingmarkets.
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TABLES AND FIGURES

Table3.1: Annual Ethanol Blending Percentages of Selected States and United States fre2@ 208

State 2008 2009 2010 2011 2012 2013
AL 1.69% 4.12% 10.38% 10.11% 9.89% 10.08%
AR 1.91% 4.83% 10.38% 10.11% 9.81% 10.08%
AZ 8.38% 8.67% 8.87% 9.08% 8.90% 9.07%
CA 6.44% 6.47% 10.11% 10.11% 9.89% 10.08%
Cco 4.14% 4.72% 5.74% 7.40% 7.95% 8.34%
FL 6.66% 8.33% 8.51% 8.83% 9.36% 9.40%
GA 6.63% 8.25% 8.51% 8.83% 9.35% 9.40%
1A 5.88% 5.67% 9.30% 9.71% 9.61% 9.30%
ID 4.18% 4.88% 5.74% 7.40% 7.97% 8.34%
IL 9.83% 9.30% 9.77% 9.77% 9.89% 10.08%
IN 8.42% 9.29% 9.03% 9.37% 9.76% 10.08%
KS 8.25% 7.79% 7.75% 8.09% 7.63% 7.75%
KY 8.32% 8.93% 9.16% 9.43% 9.89% 10.08%
LA 2.26% 5.58% 10.38% 10.11% 9.80% 10.08%
Ml 7.93% 9.10% 8.80% 9.23% 9.90% 10.08%
MN 9.71% 9.81% 12.45% 11.72% 11.76% 11.97%
MO 7.28% 6.84% 8.35% 8.55% 8.48% 8.32%
MS 2.02% 5.26% 10.38% 10.11% 9.80% 10.08%
MT 5.56% 6.30% 5.74% 7.40% 8.05% 8.34%
NC 6.02% 8.27% 8.51% 8.83% 9.27% 9.40%
ND 8.50% 8.78% 10.37% 9.77% 9.87% 9.97%
NE 6.67% 6.62% 7.75% 8.09% 8.03% 7.75%
NJ 7.45% 9.05% 10.38% 10.11% 9.87% 10.08%
NY 7.18% 8.65% 9.55% 9.55% 9.67% 9.80%
OH 8.24% 9.26% 8.80% 9.23% 9.80% 10.08%
OK 8.37% 7.72% 7.75% 8.09% 8.01% 7.75%
OR 7.61% 8.64% 7.87% 8.19% 7.90% 7.96%
SC 6.65% 8.10% 8.51% 8.83% 9.36% 9.40%
SD 9.28% 8.91% 10.38% 9.77% 9.74% 9.97%
TN 8.39% 9.81% 8.80% 9.23% 9.80% 10.08%
TX 6.26% 6.53% 8.26% 9.93% 9.23% 8.93%
VA 6.89% 8.94% 9.68% 9.62% 9.67% 9.79%
WA 7.81% 8.96% 7.87% 8.19% 7.89% 7.96%
Wi 9.20% 9.38% 10.38% 9.87% 9.79% 10.01%
wY 4.23% 4.94% 5.74% 7.40% 7.82% 8.34%
u.S. 6.86% 7.82% 9.14% 9.42% 9.47% 9.57%
Source EIA

198



Table3.2: Stateby-State RVP (psi) Requirement

State May June  July August September
East Coast
FL 9.0 9.0 9.0 9.0 9.0
GA 9.0 7.0 7.0 7.0 7.0
NC 9.0 7.8 7.8 7.8 7.8
NJ 9.0 9.0 9.0 9.0 9.0
NY 9.0 9.0 9.0 9.0 9.0
SC 9.0 9.0 9.0 9.0 9.0
VA 9.0 9.0 9.0 9.0 9.0
Midwest
IA 9.0 9.0 9.0 9.0 9.0
IL 9.0 9.0 9.0 9.0 9.0
IN 7.8 7.8 7.8 7.8 7.8
KS 9.0 7.0 7.0 7.0 7.0
KY 9.0 9.0 9.0 9.0 9.0
MI 9.0 7.0 7.0 7.0 7.0
MN 9.0 9.0 9.0 9.0 9.0
MO 9.0 7.0 7.0 7.0 7.0
NE 9.0 9.0 9.0 9.0 9.0
ND 9.0 9.0 9.0 9.0 9.0
OH 9.0 7.8 7.8 7.8 7.8
OK 9.0 9.0 9.0 9.0 9.0
SD 9.0 9.0 9.0 9.0 9.0
TN 9.0 7.8 7.8 7.8 7.8
Wi 9.0 9.0 9.0 9.0 9.0
Gulf Coast
AL 9.0 9.0 9.0 9.0 9.0
AR 9.0 9.0 9.0 9.0 9.0
LA 9.0 7.8 7.8 7.8 7.8
MS 9.0 9.0 9.0 9.0 9.0
TX 7.8 7.8 7.8 7.8 7.8
Rocky MTN
CO 9.0 7.8 7.8 7.8 7.8
ID 9.0 9.0 9.0 9.0 9.0
MT 9.0 9.0 9.0 9.0 9.0
wy 9.0 9.0 9.0 9.0 9.0
West Coast
AZ 9.0 7.0 7.0 7.0 7.0
CA 5.9 5.9 5.9 5.9 5.9
OR 9.0 7.8 7.8 7.8 7.8
WA 9.0 9.0 9.0 9.0 9.0

Source EPA; psi = pounds/squared inch; RVP for all other months &rési
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Table3.3: State Regulations and Incentives for Ethanol from 2008 to 2013

State Blending  Production Labeling E10 E15~E69 E70~E85 E10 Sales EB85 Sales Franchising
Mandate  Subsidy Requirement Blending/Retail  Blending/Retail  Blending/Retail Tax Tax Contract
Subsidy Subsidy Subsidy Incentive Incentive Regulation

2

FL 9 ~10% -
GA - -
NC - -

- - - Partial Tax No Tax

- - - - No Tax

NY - $0.15/gal

VA - -
1A - -

$0.08/gal $0.03~$0.10/gal $0.16/gal
- - - - - No Tax
IN - $0.125/gal - - - -
KS - $0.035/gal $0.065/gal $0.065/gal $0.065/gal - $0.07/gal
KY - $1.00/gal - - - -
MN 10% $0.20/gal
MO 10%  $0.125/gal
- $0.18/gal

- - - - $0.0825/gal

OH - - - - -
- $0.016/gal - Partial Tax  Partial Tax

SD - $0.20/gal

WiI - - - - - No Tax No Tax

AL - -

MS - $0.20/gal
co - -
MT 10% $0.20/gal

CA 10% -
OR 10% -
WA 2% -

K< ZK KL L LKL L LKL LLZ LKL ZZZZZZ << << <Z << <
ZZ2Z2Z2ZZZZZZZZZ2Z2Z2<X<LX2Z2Z2Z2Z2Z2ZZZ2ZZ2ZZ2Z2Z2Z2<Z2<2

Source Alternative Fuel Data Center
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Table3.4: Indicators of the Level of Competition in Ethanol Markets from 200864

Types

2006

2007

2008

2009

2010

2011

2012

2013

2014

Number of
producers

Largest
producer
capacity share

HHI based on
capacity share
of producer

HHI based on
production
share of
producer

HHI based on
capacity share
assigned to
marketer for all
marketing
agreements

HHI based on
production
share assigned
to marketer for
all marketing

agreemets

90

21%

326

683

995

1345

103

16%

292

465

670

1155

160

11%

313

376

723

952

160

11%

241

232

547

722

164

12%

288

244

606

671

164

11.5%

291

284

585

601

154

11.1%

290

328

608

686

156

10.9%

290

328

586

687

148

10.9%

333

343

693

743

SourceFTC
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Table3.5: List of Liquid Terminals in Study

Birmingham, AL
Boligee, AL
Fort Smith, AR
Little Rock, AR
Rogers, AR
Phoenix, AZ
Stockton, CA
Denver, CO
Orlando, FL
Athens, GA
Boise, ID
Bettendorf, |IA
Clear Lake, IA

Council Bluffs, 1A

Des Moines, |A
Dubuque, 1A
lowa City, IA
Le Mars, IA
Milford, 1A
Sioux City, 1A
Waterloo, IA
Chicago, IL

Decatur, IL
Effingham, IL
Hartford, IL
Heyworth, IL
Kankakee, IL
Rockford, IL
Woodriver, IL

Huntington, IN
Princeton, IN

Coffeyville, KS
Concordia, KS

Great Bend, KS
Kansas City, KS

Olathe, KS
Salina, KS
Scott City, KS
Topeka, KS
Wichita, KS
Paducah, KY

Shreveport, LA

Detroit, Ml
Flint, Ml

Alexandria, MN

Duluth, MN Mitchell, SD
Mankato, MN Rapid City, SD
Marshall, MN Sioux Falls, SD

Minneapolis, MN Watertown, SD

Rochester, MN Wolsey, SD

Cape Girardeau, MC Yankton, SD

Carthage, MO Chattanooga, TN

Columbia, MO Dallas, TX
Jefferson City, MO Midland, TX
Palmyra, MO Norfolk, VA
Saint Louis, MO Pasco, WA
Springfield, MO Spokane, WA
Aberdeen, MS Tacoma, WA

Meridian, MS Chippewa Falls, Wi
Billings, MT Superior, WI
Great Falls, MT Green Bay, WI
Missoula, MT Madison, WI

Fargo, ND Milwaukee, WI
Grand Forks, ND Waupun, WI
Jamestown, ND Casper, WY

Minot, ND Cheyenne, WY

Columbus, NE Rock Springs, WY
Doniphan, NE

Geneva, NE

Lincoln, NE

Norfolk, NE
North Platte, NE

Omaha, NE

Selma, NC

Newark, NJ

Paulsboro, NJ
Albany, NY

Cleveland, OH

Columbus, OH

Dayton, OH

Lebanon, OH

Toledo, OH

Enid, OK

Oklahoma City, OK

Ponca City, OK
Tulsa, OK
Eugene, OR

Portland, OR
North Augusta, SC
Aberdeen, SD

SourceOPIS
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Table3.6: Panel Estimation of E@(l) for Full Sample

Variable Model 1 Model 2 Model 3 Model 4 Model 5
Intercept -0.0837 46.2857* -26.2288*** 1.1688 0.1107
(0.483) (0.9795) (14.5009) (0.9461) (0.2696)
Share of Branded Price -0.2024* -0.1154* 0.76607 -1.8583 -0.2036*
(0.0377) (0.0243) (0.6231) (4.2033) (0.0377)
Octane Value 3.7602* -0.3673 8.3662 119.5292** 3.7729*
(0.485) (0.3312) (6.8016) (68.3430) (0.4858)
Number of Ethanol Plants | -0.3839* -1.2958* 1.9822 15.0925 -0.3940*
(0.1772) (0.1122) (18.3614) (13.2926) (0.1772)
Midwest Corn Price 0.1064* 0.1137* 0.9762* 0.1060*
(0.0041) (0.0164) (0.4197) (0.0041)
Federal Blending Subsidy -0.0070 0.1058 31.8496* -0.0067
(0.0367) (0.1494) (12.2102) (0.0367)
Federal Blending Mandate | 18.7185* 4.8279 320.8889 18.7482*
(0.6669) (3.5656) (210.4000) (0.6681)
RVP Standard -0.1522** -0.0931 -0.2063 52.5261* -0.1497*
(0.0757) (0.1867) (0.3109) (20.9874) (0.0758)
RFG Dummy 0.0593 66.3832* 1.6869*** 0.3296
(0.1467) (22.8716) (0.9082) (0.2361)
Label Restriction Dummy 0.0634 14.3382 -0.4793 -0.0851
(0.1685) (18.3987) (1.0094) (0.2709)
Contract Resiction -0.0019 -27.7217 -0.2988 0.1650
Dummy (0.2128) (35.7165) (1.5283) (0.3432)
State Mandate Dummy -4.4159* 0.0459 94.4052* 0.0741 0.0399
(1.1919) (0.1437) (34.4262) (1.1250) (0.2317)
State Production Subsidy | -1.5762* 0.0110 -75.4499* 0.2400 -0.3310
Dummy (0.7288) (0.1815) (22.2852) (1.7883) (0.2915)
State Mandate Level 4.1433* 1.4574* 17.703 65.4883* 4.0872*
(0.3773) (0.2422) (21.7433) (31.3808) (0.3772)
State Production Subsidy 1.0084* 0.0480 15.0674 0.9730*
Level (0.2684) (0.1699) (26.4113) (0.2682)
Interact StMandate -3.2249* 1.3238* -78.4451* -50.9672 -3.1708*
Dummy & Level (0.7839) (0.4974) (33.6707) (64.8708) (0.7843)
Interact StProduction Subsidy| -1.3750* 1.6232* -42.9857 -1.3347*
Dummy & Level (0.4114) (0.2673) (36.9436) (0.4115)
State Fixed Effect Yes No No No Yes
Time Fixed Effect No Yes No No Yes
Between State Effect No No No Yes No
Between Time Effect No No Yes No No
R? 0.300 0.739 0.578 0.762 0.2943
N 9056 9056 9056 9056 9056

* = significant at the 1% level, ** = significant at the 5% level, *** = significant at the 10% level
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Table3.7: Panel Estimation of E@(l) for PADD 1

Variable Model 1 Model 2 Model 3 Model 4 Model 5
Intercept -0.2176 29.5242* 33.3604 2.5787
(0.8158) (2.8499) (16.5355) (1.6113)
Share of Branded Price -0.9856 -6.9112 138.1315* -2.1047
(6.5519) (4.3627) (48.7069) (6.5423)
Octane Value 14.2511* 3.4293 1.5366 14.5047*
(2.6322) (2.3823) (7.6156) (2.6353)
Number of Ethanol Rhts -0.8135 2.1597 -79.5417* 0.0987
(5.5415) (3.7021) (33.5529) (5.5337)
Midwest Corn Price 0.1657* 0.1708* 0.1646*
(0.0122) (0.0212) (0.0122)
Federal Blending Subsidy 0.0322 0.0934 0.0323
(0.1100) (0.1922) (0.1102)
Federal Blending Madate 20.6261* 8.5816* 20.6945*
(2.0905) (4.3619) (2.0941)
RVP Standard -0.1454 0.6602 -0.2012 -0.1470
(0.2216) (0.9748) (0.3844) (0.2220)
RFG Dummy 0.0174 -43.1717* -0.5067
(0.5641) (15.1455) (0.9066)
Label Restriction Dummy -0.0044 125510 -2.2902
(1.0322) (11.8349) (1.5628)
Contract Restriction -0.1424 -170.2260* -0.4387
Dummy (0.4142) (55.0594) (0.7036)
State Mandate Dummy -4.2680* -0.1283 -16.3159 -0.9427
(1.4414) (0.4645) (11.3940) (0.7640)
State Production Subsidy 0.6667 185.9237* 5.7799*
Dummy (1.3253) (54.5105) (2.0303)
State Mandate Level 4.5326* -0.5109 4.2643*
(1.0150) (0.7142) (1.0120)
State Production Level
Interact StMandate 7.7450% -7.6769 7.3901*
Dummy & Level (2.3506) (151840) (2.3486)
Interact StProduction Subsidy
Dummy & Level
State Fixed Effect Yes No No No Yes
Time Fixed Effect No Yes No No Yes
Between State Effect No No No Yes No
Between Time Effect No No Yes No No
R? 0.346 0.821 0.529 0.343
N 1506 1506 1506 1506 1506

* = significant at the 1% level, ** = significant at the 5% level, *** = significant at the 10% level
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Table3.8: Panel Estimation of E@(l) for PADD 2

Variable Model 1 Model 2 Model 3 Model 4 Model 5
Intercept 0.0817 52.9949* -25.5611*** -0.0435 -0.0150
(0.4423) (1.0746) (14.6134) (0.0533) 0.2777)
Share of Branded Price -0.3357* -0.2082* -1.2315* 1.8335* -0.3383*
(0.0647) (0.0338) (0.5787) (0.8327) (0.0647)
Octane Value 5.694%6* 0.6647 9.9319* 76.3056* 5.7052*
(0.7092) (0.4560) (3.7611) (27.0405) (0.7090)
Number of Ethanol Plants | -0.3568** -0.8510* -19.1346* 3.1527* -0.3740**
(0.1829) (0.0925) (8.3209) (1.0188) (0.1826)
Midwest Corn Price 0.1028* 0.1059* -8.1305* 0.1028*
(0.0055) (0.0166) (3.3166) (0.0055)
Federal Blending Subsidy -0.0068 -0.0360 8.2600* -0.0075
(0.0498) (0.1532) (1.3901) (0.0498)
Federal Blending Mandate | 12.4132* 4.6414 -26.1068 12.4366*
(0.9464) (3.3890) (60.1623) (0.9461)
RVP Standard -0.1192 0.0330 -0.1979 -0.1162
(0.1016) (0.3528) (0.3119) (0.1016)
RFG Dummy 0.0167 0.1044 -0.6207* 0.0855
(0.1359) (22.6572) (0.2037) (0.2745)
Label Restriction Dummy 0.1151 32.3786 -0.5003* 0.0666
(0.1559) (53.2178) (0.1615) (0.3131)
ContractRestriction -0.3486 447.4665 -0.6188* 0.0361
Dummy (0.2843) (381.5000) (0.1394) (0.5738)
State Mandate Dummy 0.0777 -0.1500 0.2598
(0.1873) (0.1003) (0.3792)
State Production Subsidy -1.6855* 0.1227 -58.3350* 0.8501* -0.2002
Dummy (0.6664) (0.1587) (10.2970) (0.2437) (0.3174)
State Mandate Level 4,9527* 2.7178* 4,9372*
(0.4504) (0.2368) (0.4498)
State Production Level 1.4070* 0.5929* 1.3681*
(0.2588) (0.1360) (0.2582)
Interact StMandate 0.9621 1.8639* 0.8900
Dummy & Level (1.0507) (0.5206) (1.0490)
Interact StProduction Subsidy] -3.4972* -0.3898 -3.4391*
Dummy & Level (0.4633) (0.2596) (0.4626)
State Fixed Effect Yes No No No Yes
Time Fixed Effect No Yes No No Yes
Between State Effect No No No Yes No
Between Time Effect No No Yes No No
R? 0.357 0.855 0.529 0.990 0.356
N 4175 4175 4175 4175 4175

* = significant at the 1% level, ** = significant at the 5% level, *** = significant at the 10% level
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Table3.9: Panel Btimation of Eq.8.1) for PADD 3

Variable Model 1 Model 2 Model 3 Model 4 Model 5
Intercept 0.5194 53.7187* -4.8320 0.2204
(0.5924) (2.2799) (2.9552) (0.3314)

Share of Branded Price -0.0759 -0.2046* 0.4526 -0.0760
(0.1484) (0.0910) (0.5443) (0.1483)

Octane Value 3.7292* 0.9647 9.3895* 3.7493*
(1.2569) (0.8491) (3.5062) (1.2561)

Number of Ethanol Plants 6.2761 1.3881 39.8550 5.9732
(7.3640) (4.4808) (27.9822) (7.3528)

Midwest Corn Price 0.1361* 0.1309* 0.1363*
(0.0119) (0.0223) (0.0119)

Federal Blending Subsidy 0.1661 0.1211 0.1649
(0.1032) (0.2072) (0.1031)
Federal Blending Mandate | 17.6811* 18.6436* 17.6729*
(2.1133) (3.7954) (2.1120)

RVP Standard -0.3081 -0.1623 -0.3926 -0.3080
(0.2165) (1.1604) (0.4151) (0.2164)

RFG Dummy -0.0155 17.5748* 0.2998
(0.3666) (8.0559) (0.6784)

Label Restriction Dummy
Contract Restriction Dummy

State Mandate Dummy -0.0982 7.7149 -0.1422
(0.3547) (8.1466) (0.6564)

State Production Subsidy
Dummy

State Mandate Level
State Production Level

Interact StMandate
Dummy & Level

Interact StProduction Subsidy

Dummy & Level

State Fixed Effect Yes No No No Yes
Time Fixed Effet No Yes No No Yes
Between State Effect No No No Yes No
Between Time Effect No No Yes No No
R? 0.157 0.815 0.377 0.157
N 1378 1378 1378 1378 1378

* = significant at the 1% level, ** = significant at the 5% level, *** =mificant at the 10% level
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Table3.10: Panel Estimation of EQ.() for PADD 4

Variable Model 1 Model 2 Model 3 Model 4 Model 5
Intercept -0.1591 42.5085* 0.2991 -0.1104
(0.3443) (1.7217) (0.2842) (0.1784)
Share of Branded Price -0.2173* 0.0268 0.0039 -0.2175*
(0.0473) (0.0289) (0.1384) (0.0472)
Octane Value 1.5262* -1.0653* -0.0767 1.5253*
(0.6476) (0.3479) (2.7539) (0.6469)
Number of Ethanol Plants -3.1357* -4.3668* 94.4285* -3.1403*
(0.8772) (0.4330) (12.1861) (0.8750)
Midwest Con Price 0.0330* 0.0524* 0.0331*
(0.0082) (0.0129) (0.0082)
Federal Blending Subsidy | -0.1204*** -0.0382 -0.1209
(0.0726) (0.1178) (0.0725)
Federal Blending Mandate | 21.6669* 1.0671 21.6739*
(1.2311) (2.6923) (1.2296)
RVP Standard -0.0308 -0.1108 -0.0798 -0.0314
(0.1544) (0.1377) (0.2864) (0.1543)
RFG Dummy
Label Restriction Dummy
Contract Restriction Dummy
State Mandate Dummy
State Production Subsidy
Dummy
State Mandateevel
State Production Level
Interact StMandate
Dummy & Level
Interact StProduction Subsidy
Dummy & Level
State Fixed Effect Yes No No No Yes
Time Fixed Effect No Yes No No Yes
Between State Effect No No No Yes No
Between Time Effect No No Yes No No
R? 0.498 0.912 0.694 0.498
N 1162 1162 1162 1162 1162

* = significant at the 1% level, * significant at the 5% level, *** = significant at the 10% level
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Table3.11: Panel Estimation of E®.L) for PADD 5

Variable Model 1 Model 2 Model 3 Model 4 Model 5
Intercept 0.5623 36.9459* 0.1261 11.8263*
(0.4781) (2.3672) (0.4078) (2.6867)
Share of Branded Price 0.0940 0.1582* 0.0420 0.0543
(0.0795) (0.0620) (0.1178) (0.0832)
Octane Value 2.2480 12.1500* -10.1834 17.2139*
(6.5686) (4.6450) (10.4800) (6.5923)
Number of Ethanol Plants 15.0775 2.3396 15.7241 -15.6286***
(9.9478) (6.3856) (18.0035) (9.4306)
Midwest Corn Price 0.0947* 0.0899* 0.0820*
(0.0155) (0.0183) (0.0161)
Federal Blending Subsidy 0.1065 0.0973 -0.0892
(0.1447) (0.1736) (0.1491)
Federal Blending Mandate 0.2279 1.0824 11.4394*
(3.2765) (3.9263) (3.0043)
RVP Standard -0.1556 0.1621 -0.1689 -0.1584
(0.282) (1.3663) (0.3364) (0.2994)
RFG Dummy -0.3806 41.8033*
(1.4183) (8.3338)

Label Restriction Dummy
Contract Restriction Dummy

State Mandate Dummy 0.3277 -11.3106*
(1.5277) (2.6984)

State Production Subsidy
Dumny

State Mandate Level
State Production Level

Interact StMandate
Dummy & Level

Interact StProduction Subsidy

Dummy & Level

State Fixed Effect Yes No No No Yes
Time Fixed Effet No Yes No No Yes
Between State Effect No No No Yes No
Between Time Effect No No Yes No No
R? 0.274 0.915 0.486 0.196
N 1252 1252 1252 1252 1252

* = significant at the 1% level, ** = significant at the 5% level, *** gsificant at the 10% level
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Table3.12: State Annual Ethanol Consumption (Thousand Barrels) from 2008 to 2013

State 2008 2009 2010 2011 2012 2013
AL 1,039 2,537 6,491 6,135 5,948 6,139
AR 636 1,654 3,528 3,322 3,232 3,277
AZ 5,418 5,400 5,507 5,542 5,381 5,628
CA 23,209 22,832 35,300 34,337 33,219 34,400
(6{0) 2,056 2,347 2,878 3,656 3,934 4,195
FL 13,024 16,340 16,384 16,707 17,732 18,233
GA 7,538 9,559 9,797 9,734 10,222 10,707
1A 2,157 2,080 3,460 3,644 3,402 3,357
ID 624 746 911 1,140 1,274 1,346
IL 11,598 10,752 11,171 10,676 10,612 10,932
IN 6,015 6,604 6,590 6,540 6,768 7,051
KS 2,504 2,407 2,408 2,427 2,294 2,334
KY 4,251 4,685 4,783 4,759 4,933 5,043
LA 1,148 3,034 5,580 5,390 5,074 5,364
MI 8,674 9,840 9,428 9,651 10,260 10,889
MN 5,937 5,845 7,420 6,656 6,900 6,955
MO 5,522 5,188 6,321 6,222 6,074 6,004
MS 786 1,966 4,021 3,760 3,761 3,810
MT 626 722 665 845 934 991
NC 6,724 8,565 8,905 8,957 9,233 9,490
ND 700 741 926 921 989 1,040
NE 1,310 1,277 1,527 1,538 1,538 1,531
NJ 7,645 9,048 10,248 9,795 9,344 9,436
NY 9,630 11,600 12,947 12,312 12,131 12,293
OH 9,853 10,998 10,497 10,700 11,327 11,715
OK 3,617 3,297 3,470 3,401 3,543 3,372
OR 2,715 3,127 2,811 2,809 2,660 2,728
SC 4,096 5,234 5,318 5,357 5,768 5,933
SD 896 921 1,063 1,003 1,033 1,021
TN 6,051 7,302 6,663 6,881 7,224 7,469
X 17,759 18,588 23,758 28,172 26,452 26,435
VA 6,515 8,346 9,226 8,591 8,858 9,008
WA 4,911 5,695 4,928 5,080 4,850 5,048
WI 5,447 5,583 6,281 5,754 5,677 5,743
WYy 321 394 461 560 638 676
us 222,035 252,598 294,269 295,276 295,172 302,790
Source EIA
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Table3.13: State Annual Ethanol Production (Thousand Barrels) from 2008 to 2013

State 2008 2009 2010 2011 2012 2013
AL 0 0 0 0 0 0
AR 0 0 0 0 0 0
AZ 1,290 1,308 1,373 1,345 955 0
CA 2,270 1,178 1,685 4,321 4,216 3,997
CcO 2,932 2,974 3,121 3,057 2,893 3,042
FL 0 0 0 0 0 0
GA 596 2,388 2,507 2,456 1,745 1,429
1A 56,123 74,000 86,783 87,314 82,645 87,367
ID 876 293 1,348 1,321 1,180 1,217
IL 23,988 30,498 30,940 30,068 30323 29,613
IN 13,847 16,723 19,283 22,547 22,390 22,106
KS 10,573 9,781 10,847 10,676 10,124 10,678
KY 830 842 884 866 819 861
LA 23 36 37 37 35 36
Ml 5,416 5,114 6,409 6,543 6,202 6,521
MN 17,133 22,651 27,644 27,536 25,214 24,756
MO 5,320 6,209 6,517 6,261 5,886 6,043
MS 106 1,285 1,348 1,321 1,041 0
MT 0 0 0 0 0 0
NC 0 0 0 0 0 0
ND 3,666 6,197 8,679 9,245 8,655 8,760
NE 28,081 28,038 42,147 47,120 43,420 43,436
NJ 0 0 0 0 0 0
NY 2,064 1,189 2,672 4,011 3,795 3,991
OH 7,941 6,256 9,443 10,811 10,425 11,489
OK 0 0 0 0 0 0
OR 1,782 1,380 999 978 949 998
SC 0 0 0 0 0 0
SD 18,995 22,218 25,370 24,850 23,481 24,625
TN 1,962 4,072 4,472 5,405 5,207 5,475
X 4,495 3,985 6,242 7,613 8,061 4,988
VA 0 0 0 0 0 0

WA 0 0 0 0 0 0
WI 10,652 11,000 12,435 12,278 11,663 11,501

WYy 150 155 162 241 266 280

u.S. 221,111 259,770 313,347 328,221 311,590 313,209

Source EIA
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Table3.14: State Annual Net Ethanol Demand (Thousand Barrels) from 2008 to 2013

State 2008 2009 2010 2011 2012 2013
AL 1,039 2,537 6,491 6,135 5,948 6,139
AR 636 1,654 3,528 3,322 3,232 3,277
AZ 4,128 4,092 4,134 4,197 4,426 5,628
CA 20,939 21,654 33,615 30,016 29,003 30,403
(6{0) -876 -627 -243 599 1,041 1,153
FL 13,024 16,340 16,384 16,707 17,732 18,233
GA 6,942 7,171 7,290 7,278 8,477 9,278
1A -53,966 -71,920 -83,323 -83,670 -79,243 -84,010
ID -252 453 -437 -181 94 128
IL -12,390 -19,746 -19,769 -19,392 -19,711 -18,681
IN -7,832 -10,119 -12,693 -16,007 -15,622 -15,055
KS -8,069 -7,374 -8,439 -8,249 -7,830 -8,344
KY 3,421 3,843 3,899 3,893 4,114 4,182
LA 1,125 2,998 5,543 5,353 5,039 5,328
M 3,258 4,726 3,019 3,108 4,058 4,368
MN -11,196 -16,806 -20,224 -20,880 -18,314 -17,801
MO 202 -1,021 -196 -39 188 -39
MS 680 681 2,673 2,439 2,720 3,810
MT 626 722 665 845 934 991
NC 6,724 8,565 8,905 8,957 9,233 9,490
ND -2,966 -5,456 -7,753 -8,324 -7,666 -7,720
NE -26,771 -26,761 -40,620 -45,582 -41,882 -41,905
NJ 7,645 9,048 10,248 9,795 9,344 9,436
NY 7,566 10,411 10,275 8,301 8,336 8,302
OH 1,912 4,742 1,054 -111 902 226
OK 3,617 3,297 3,470 3,401 3,543 3,372
OR 933 1,747 1,812 1,831 1,711 1,730
SC 4,096 5,234 5,318 5,357 5,768 5,933
SD -18,099 -21,297 -24,307 -23,847 -22,448 -23,604
TN 4,089 3,230 2,191 1,476 2,017 1,994
TX 13,264 14,603 17,516 20,559 18391 21,447
VA 6,515 8,346 9,226 8,591 8,858 9,008

WA 4,911 5,695 4,928 5,080 4,850 5,048
Wi -5,205 -5,417 -6,154 -6,524 -5,986 -5,758

WYy 171 239 299 319 372 396

Source EIA
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Table3.15: OLS Estimate ofi;zin Eq.(3.2) (Full Sample)

ST

AL AR CO FL GA ID IL IN IA KS KY LA MI MN MO MS MT NE NC ND OH OK OR SC SD TN TX VA WA WI WY

AL
AR
CO
FL
GA
ID
IL
IN
1A
KS
KY
LA
Ml
MN
MO
MS
MT
NE
NC
ND
OH
OK
OR
SC
SD
TN
TX
VA
WA
Wi
WYy

1.00 0.950.80 0.930.93 0.92 0.94 0.93 0.88 0.86 1.15 1.05 1.23 0.88 0.84 1.15 0.85 0.87 0.93 0.89 0.99 0.93 0.89 0.92 0.82 1.14 1.23 1.15 0.90 0.87 0.80
0.911.000.890.84 0.97 0.82 1.01 1.01 0.98 0.96 1.14 0.98 1.12 0.97 0.93 1.00 0.95 0.96 0.99 0.98 1.09 1.01 0.98 0.96 0.92 1.07 1.10 1.07 0.98 0.95 0.87
0.830.96 1.000.76 0.96 0.77 1.03 1.02 1.01 0.99 1.03 0.88 1.06 1.00 0.94 0.96 1.01 1.00 1.01 1.02 1.10 1.02 1.01 0.94 0.96 1.01 0.97 0.99 1.03 0.97 0.91
1.00 0.95 0.80 1.00 0.95 0.96 0.93 0.93 0.87 0.86 0.93 1.05 0.95 0.87 0.83 0.94 0.84 0.86 0.96 0.87 0.97 0.92 0.91 0.95 0.81 1.18 1.14 1.21 0.91 0.87 0.79
0.86 0.94 0.86 0.82 1.00 0.76 0.98 0.98 0.95 0.94 0.97 0.91 0.96 0.94 0.90 0.90 0.91 0.95 0.98 0.94 1.05 0.98 0.97 0.98 0.89 1.01 1.02 1.01 0.95 0.93 0.82
0.841.041.080.731.051.001.151.131.121.100.950.911.241.121.041.081.16 1.111.08 1.151.26 1.121.16 1.01 1.09 1.28 1.22 1.22 1.13 1.10 1.08
0.830.94 0.890.76 0.94 0.71 1.00 0.99 0.96 0.93 1.24 0.89 1.06 0.95 0.90 0.99 0.94 0.94 0.96 0.97 1.08 0.98 0.97 0.92 0.91 0.95 0.98 0.93 0.97 0.93 0.85
0.830.940.890.77 0.950.71 1.00 1.00 0.96 0.94 1.16 0.89 1.06 0.96 0.90 0.96 0.94 0.95 0.97 0.97 1.09 0.99 0.97 0.93 0.91 0.95 0.97 0.95 0.96 0.93 0.85
0.830.96 0.92 0.76 0.97 0.71 1.02 1.01 1.00 0.98 1.07 0.89 1.02 0.99 0.94 0.92 0.96 0.99 0.98 1.00 1.10 1.01 0.98 0.95 0.94 0.93 0.98 0.93 0.98 0.96 0.86
0.850.98 0.94 0.78 0.99 0.75 1.03 1.03 1.02 1.00 1.09 0.90 1.05 1.00 0.96 0.95 0.98 1.01 1.00 1.01 1.11 1.03 1.00 0.97 0.96 0.98 1.01 0.97 1.00 0.98 0.88
0.650.82 0.59 0.64 0.88 0.70 0.72 0.79 0.85 0.86 1.00 0.67 0.77 0.81 0.85 0.75 0.57 0.84 0.57 0.78 0.78 0.84 0.55 0.85 0.78 0.89 0.93 0.88 0.52 0.77 0.57
0.870.850.70 0.81 0.81 0.820.83 0.83 0.78 0.77 0.95 1.00 1.10 0.78 0.74 1.01 0.75 0.77 0.81 0.79 0.89 0.83 0.79 0.80 0.73 1.01 1.09 1.01 0.80 0.77 0.72
0.51 0.77 0.76 0.45 0.84 0.65 0.84 0.89 0.89 0.86 0.97 0.51 1.00 0.88 0.84 0.83 0.83 0.89 0.84 0.86 1.01 0.85 0.84 0.82 0.83 0.91 0.84 0.91 0.77 0.83 0.69
0.84 0.96 0.92 0.76 0.96 0.72 1.02 1.01 1.00 0.97 1.06 0.89 1.02 1.00 0.93 0.91 0.97 0.98 0.98 1.01 1.10 1.01 0.98 0.94 0.94 0.93 0.98 0.93 0.99 0.96 0.87
0.891.030.97 0.821.04 0.78 1.07 1.07 1.06 1.04 1.10 0.95 1.06 1.05 1.00 0.97 1.01 1.051.051.05 1.151.08 1.04 1.01 0.99 1.01 1.06 1.01 1.04 1.02 0.91
0.740.940.910.701.02 0.750.98 0.9 1.02 1.00 1.18 0.75 1.01 1.02 0.98 1.00 0.94 1.03 0.95 0.99 1.02 0.97 0.98 1.00 0.96 1.01 1.02 1.01 0.92 0.97 0.82
0.81 0.950.930.74 0.94 0.74 1.01 1.00 0.97 0.95 1.26 0.87 1.05 0.98 0.91 0.94 1.00 0.96 0.98 0.99 1.10 1.00 1.01 0.91 0.93 0.97 0.96 0.97 1.02 0.94 0.90
0.82 0.950.92 0.750.97 0.71 1.00 1.00 0.99 0.98 1.10 0.87 1.02 0.98 0.93 0.92 0.95 1.00 0.98 0.99 1.09 1.00 0.96 0.94 0.94 0.94 0.98 0.94 0.97 0.96 0.86
0.830.930.880.76 0.93 0.76 0.97 0.97 0.94 0.92 1.12 0.87 1.04 0.93 0.83 0.93 0.94 0.92 1.00 0.94 1.07 0.96 0.94 0.92 0.89 1.01 0.98 1.04 0.95 0.91 0.84
0.82 0.950.920.750.94 0.71 1.01 1.00 0.98 0.96 1.10 0.88 1.04 0.98 0.92 0.92 0.96 0.97 0.97 1.00 1.09 1.00 0.97 0.92 0.94 0.93 0.96 0.92 0.98 0.95 0.87
0.710.82 0.77 0.65 0.82 0.60 0.88 0.88 0.85 0.82 0.99 0.77 0.99 0.84 0.79 0.84 0.83 0.83 0.85 0.85 1.00 0.86 0.85 0.80 0.80 0.83 0.83 0.85 0.85 0.81 0.75
0.84 0.950.890.77 0.95 0.74 0.99 0.99 0.97 0.95 1.12 0.90 1.06 0.96 0.91 0.97 0.94 0.95 0.96 0.97 1.07 1.00 0.97 0.93 0.91 0.99 1.00 0.98 0.97 0.93 0.85
0.77 0.88 0.850.73 0.90 0.70 0.95 0.94 0.90 0.88 1.01 0.82 0.91 0.90 0.85 0.83 0.91 0.89 0.93 0.91 1.02 0.93 1.00 0.88 0.85 0.89 0.90 0.92 0.97 0.88 0.82
0.88 0.96 0.87 0.84 1.01 0.79 0.99 0.99 0.96 0.95 1.00 0.92 0.98 0.95 0.91 0.93 0.91 0.96 1.00 0.95 1.06 0.99 0.97 1.00 0.89 1.05 1.04 1.06 0.96 0.94 0.83
0.861.01 0.98 0.78 1.00 0.75 1.07 1.07 1.05 1.02 1.14 0.93 1.08 1.05 0.98 0.96 1.02 1.03 1.03 1.06 1.16 1.06 1.04 0.98 1.00 0.97 1.01 0.97 1.04 1.01 0.92
0.69 0.90 0.94 0.61 0.98 0.63 1.02 1.03 1.06 1.00 1.05 0.66 1.02 1.05 0.97 0.97 0.98 1.05 0.96 1.04 1.13 0.99 1.01 0.94 0.99 1.00 1.01 1.00 0.93 0.99 0.83
0.68 0.87 0.93 0.65 0.93 0.68 0.98 0.98 0.99 0.96 0.97 0.68 0.99 0.98 0.92 0.92 0.94 0.98 0.91 0.98 1.05 0.96 0.98 0.90 0.94 0.96 1.00 0.93 0.96 0.94 0.84
0.71 0.90 0.96 0.63 0.98 0.65 1.04 1.03 1.06 1.01 1.05 0.68 1.03 1.06 0.97 0.98 0.99 1.05 0.96 1.05 1.11 1.00 1.01 0.94 1.00 0.99 1.05 1.00 0.94 1.01 0.86
0.78 0.90 0.87 0.73 0.90 0.74 0.96 0.94 0.91 0.89 1.10 0.84 0.99 0.91 0.85 0.91 0.93 0.90 0.94 0.93 1.02 0.94 0.98 0.88 0.87 0.96 0.92 0.98 1.00 0.89 0.84
0.870.990.94 0.801.010.751.051.04 1.02 1.00 1.12 0.93 1.06 1.01 0.96 0.99 0.99 1.02 1.02 1.02 1.12 1.04 1.02 0.99 0.96 0.99 1.03 0.98 1.01 1.00 0.89
0.921.041.010.841.020.84 1.10 1.08 1.05 1.03 1.26 0.99 1.19 1.06 0.99 1.06 1.08 1.04 1.07 1.08 1.19 1.08 1.09 0.99 1.01 1.08 1.07 1.04 1.10 1.02 1.00

All estimates are significant at the 1% level.
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Table3.16: Unit Root Tests of Price Series

Full Sample 200809 201011 20122013

ST ADF PP KPSS ADF PP KPSS ADF PP KPSS ADF PP KPSS
AL 1.3782 2.1941 1.424 1.9263 1.3043 1.2123 1.4093 1.3344 2.7924 2.8389 2.2918 0.4739
AR 1.0229 1.6691 2.5359 1.7591 1.2654 1.396 1.3115 0.9441 3.4135 2.3377 2.0166 1.3912
CcOo 1.6329 1.157 2.9669 1.4693 1.1502 2.278 0.998 0.7998 3.5083 1.8584 1.2798 2.5357
FL 0.8998 2.2959 1.3685 1.798 1.3508 1.2479 1.6665 1.5608 2.5706 1.6446 2.1949 0.9537
GA 1.185 1.4531 2.0128 1.7789 1.264 1.7528 1.2229 0.9513 3.403 1.9399 1.6817 0.853
ID 1.0464 2.3011 3.5019 1.4559 1.1293 1.6324 1.4556 0.8321 3.2731 1.562 1.1308 1.9863
IL 1.3952 1.1362 3.1671 1.8186 1.2909 1.7859 1.1904 0.8684 3.5426 2.3492 1.8895 0.899
IN 1.4597 1.4594 2.8498 1.8279 1.2592 1.8905 1.1926 1.0059 3.4661 1.9439 1.7277 1.0532
IA 1.5194 1.6444 2.5331 1.7045 1.2962 1.9239 1.1869 0.933 3.5037 2.4022 1.804 1.1446
KS 1.4705 1.5086 2.4356 1.7442 1.1941 1.9782 1.0818 0.9547 3.5051 2.1808 1.6982 1.467
KY 2.2591 2.8178 0.4614 - - - 1.6243 1.2013 1.6155 1.8174 1.8431 1.3353
LA 1.8963 2.2976 1.5173 1.3631 1.2747 11171 1.3437 1.194 2.6165 2.2896 2.4878 0.2344
Mi 1.9278 1.9044 3.0745 - - - 1.2616 1.2138 3.2145 2.012 2.1637 1.0387
MN 1.5937 1.5366 2.7211 1.7419 1.2223 1.7344 1.2449 0.8842 3.4433 2.3983 2.0131 1.2515
MO 1.5362 1.5983 2.3578 1.8548 1.2257 1.8697 1.1732 0.9287 3.4838 1.6837 2.0638 1.1726
MS 2.049 1.8437 1.0787 - - - 1.8623 1.8731 2.9089 2.3188 2.2477 1.4337
MT 0.4805 1.0833 3.7273 1.8893 1.1412 1.7716 1.4922 0.7855 3.4653 2.3178 1.864 1.9054
NE 1.6278 1.506 2.1702 1.6601 1.0639 2.0423 1.2558 0.9239 3.4361 2.4696 1.8691 1.0739
NC 1.1926 1.6645 2.7901 1.7762 1.2286 1.7193 1.2328 0.996 3.4365 2.117 1.996 1.9995
ND 1.7364 1.3859 3.061 1.8023 1.2708 1.8855 1.2476 0.773 3.5445 2.1334 1.6321 1.2966
OH 1.6294 1.7523 3.2116 1.6194 1.3759 1.8319 1.3237 1.233 3.2991 1.6549 2.0946 1.056
OK 1.5426 1.5686 2.7597 1.6301 1.3207 1.6866 1.1867 0.9286 3.5279 1.674 1.7837 1.1221
OR 1.2883 0.8039 3.6092 1.8662 1.1527 1.849 1.1383 0.8347 3.449 2.8477 2.3191 0.4658
SC 1.1192 1.5957 1.8672 1.7078 1.2972 1.7372 1.1988 1.0049 3.413 2.1643 1.6137 0.9801
SD 1.7701 1.503 2.918 1.7702 1.255 1.9786 1.1192 0.8335 3.5301 2.1382 1.5883 1.3281
TN 1.5536 1.534 2.4157 - - - 1.0684 0.9329 3.4537 1.6997 1.4178 0.7422
X 1.4721 1.8185 3.0651 1.0475 0.9126 1.2116 1.0997 0.9331 3.4715 2.154 2.1679 1.138
VA 1.5678 1.7242 2.7359 1.9869 1.6256 0.7936 1.186 1.0051 3.4485 - - -

WA 0.3442 0.5099 4.0619 1.4475 1.0608 1.8885 1.0388 0.6556 3.5345 2.5163 1.9194 0.9663
Wi 1.8258 1.347 2.5065 1.8472 1.1062 1.8024 1.2023 0.9409 3.4273 2.2839 2.2348 1.0909
WY 0.7662 1.0351 3.6119 1.4953 1.1285 1.796 1.3631 0.8728 3.4224 2.0077 1.5474 2.213

ADF, PP, and KPSS critical values for rejecting the null at the 5% Y168l = 2.87 (2.58), 2.87(2.58), and 0.46 (0.35); Missing statistics are due to missing or insufficient (
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Table3.17: Lag Structure of Univariate PaiWise Equation based on AIC (2009)
ST|AL AR COFL GAID IL IN IA KS KY LA MI MN MO MS MT NE NC ND OH OK OR SC SD TN TX VA WA WI WY

AL

0

4 0

0

4 4 0 4

0 10 4 0 4

1

0

5 0 5 110 1 4

0

4 0 25511

0

4 0

0

4 4 0 4

0 4 - 0 100 4 4

1

1 00 2 0

1

5 0 0 2

2 5 1 2

111

0

1
1

1

1 4 2 111

1

0

1 4 0 2111

0 2 00 0 O

0 0 1

1

1 22111

2 4
1 4

1 1113 2

1 21 4 4 1
1 11111
1 100 0O

1
1
1

1 4

1

11111

4
0
4

2
2
2

112 11

2

131 2 1

1 2 4 1 21111
0 O

0

1100 O
1 2115 1

1

1 4

1

0 1.1 00 0 O
0 1

1
1

12 2 1 1

2
1
1
1

2 4 1 2 2 111

0
4

5 4 0 121 2 0

4 4

1 41111

AR

CO|0 5
FL

GA|O0O 5 0 O

ID

IN[4 0 4 0 0 11

IA

KS|4 4
KY
LA
M

MN| 4 4

MO| 4 4
MS

MT|4 4 4 4

NE| 4

NC|O 5 0 O

ND| 4 4

OH| O

OK|[4 5

OR

SC|{0 5

SD| 4
TN

TX|0 O

VA| O
WA

Wi

WY | 4

Missing statistics are due to missing or insufficient data.
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Table3.18: Lag Structure of Univariate Paiise Equation based on AIC (261Q)
ST|AL AR COFL GAID IL IN IA KS KY LA MI MN MO MS MT NE NC ND OH OK OR SC SD TN TX VA WA WI WY

AL

1
1
1
1
1
1
1

1
2
1
2
2
1
1

1 01 21111
1

1

1 4 0

1

1 30111

1
1

1 33 3 3 3

1 21111

1

11111

1
1

1211

1
1

1 1 2 0 2
1 1 4 0 2
1 2 0

1
1

0 3 1 1 - 111

1

1
2

1

1 1 21
1

1
1

3

111

1 2 0 O

2 2 2

1 111 2 3

3

0

1

1 2 2 21 2 2 3
1

2
1
1

1

1 21111

1
1
1
1

1 0 0 0 0 O

0

0 2 00 0 0 2
1

0 O

1
1
2

2
2
1
1
3
2
1

12 2 2 1

1 2 0

1
1

1 2113 2
1 20100

1 3210 1

1

1 0 0 O

1 2

1
1
1
1
1
1
1
1
1
1
1
1
1
1
1

3
1
1

1
1

1121 2 2

2 21111

1

2 2 1

1

1 2 2 2 2

0 0 0 0 O
1 2 0 2

1
1

0

3

1
1

0O 2 0 00 0 2

2

1
2
2
2
2

1221 0 O

2 2 00 2 2
1 31111
2 2111 2

3 3

1

1
1

4 4

1

2 21111

1

1 2 4 2 2

1

1
1

0 2 00 O0 O

1

0

1
1
2
1

1 31111

1
0 3
4 3

3 3 0 2

1

1

4 2 3 1 2 3

1
1

1

3 2 3

1 2211 1

AR

CoO
FL

GA

D2 3 3
IL
IN
IA
KS
KY
LA
M

MN

MO

MS[2 O
MT

NE
NC
ND

OH|O0 O

OK

OR

SC
SD
TN

X
VA
WA

Wi

WY

Missing statistics are due to missing or insufficient data.
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Table3.19: Lag Structure of Univariate Pait/ise Equation Based on AIC (2013)
ST|AL AR COFL GAID IL IN IA KS KY LA MI MN MO MS MT NE NC ND OH OK OR SC SD TN TX VA WA WI WY

AL

0 O

1
6
1

1
1
1

1 22011 O

1 1 2
4 0

1

4 0

0

1 40 2 4 4 O

3 4

1 4 0

1 6 4 41 2 4
1 12 2 45

1

1
1

1
1

1

2 2 0 2

2 011 2

1

12 2 2 4

1

2 0 4 2 0 2

0O 0 4 0 4

0

4 6 4 0

0 4 0 2

1

5 2 0 2 2 -0

1
1

1 3 6

0

2 2 2 26 2 -1

2
0 4

4

1 2 0 3 1 3

1
1

1 400 3 3

1

0O 0 0 0 O

1 0 0 1000 0 O

2
2
2

0
4
0

1
1
1

0
0
1
4
0
1
0

0 24311

1
1
1
1
1
1
1
1
1
1
1

1 202 11

1 2 3 2

1

1 12 2 2 2
1 2 4 4 2 2

2 2 4 2 41

4

0O 0 4 0 4

4 2
1

1

1 01111

0 2 4 3 1 6

0 0 0 1

1

1 01 0 0 O

1 200 4 4 O

1

1 4 0 6

4

1 0 4

0

4
1

0 11111

2
1 2 0 2 4 41 6 4

2

1011 1

6
1

1
2

1
0

1 00 3 1

3 0 3

2 2 0 2 6 6

1

0 105 4 3 1

1
0 6 0 22200 O

0O 0 0 0 3

1

2

4 4 0 4

2

2

1 3 41 2 6

1

1

AR

CoO

FL|12 4

GA

ID
IL

IA
KS
KY
LA
M

MN

MO

MS

MT

NE
NC
ND

OH

OK

OR| 4 4
SC
SD
TN

T™X|2 0 4
VA
WA

Wi

WY

Missing statistics are due to missing or insufficient data.
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Table3.20: Lag Sructure of Bivariate Paiwise Equation based on AIC (2008)
ST|AL AR COFL GAID IL IN IA KS KY LA MI MN MO MS MT NE NC ND OH OK OR SC SD TN TX VA WA WI WY

AL

0

4 2 1

2 11111

1
1
1

1

11111

2 22111

5

2 11111

1
2

11111

2

111 2

1
1

111

1

111 1

1

1
1

1 2111

1

1 01 21111

1

1

1 211 1 3
1 1111 2

1
1

1

1 21111

1 4

1 2 2 1212 1

2
2

2

1 11111

1
1

1
1
2

11111

11111

111 2 3

1 2 3 2 2

2 5 2

2 1 11111
1

1

1

1111 2

11111

1
1
1
1

1 0 O

0

1111 2

1
2
2
1

11111

1

11111

1 21111

AR

CoO
FL

GA|2 5
ID
IL
IN
IA
KS
KY
LA
M

MN

MO

MS

MT|4 4
NE

NC|3 5
ND
OH

OK|3 3 4 2 2

OR| 4 3

SC|{2 5
SD
TN

X
VA

WA|3 3
Wi

WY

Missing statistics are due to missing or insufficient data.
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Table3.21: Lag Structure of Bivariate PaWise Equation based on AIC (201Q)
ST|AL AR COFL GAID IL IN IA KS KY LA MI MN MO MS MT NE NC ND OH OK OR SC SD TN TX VA WA WI WY

AL

1
2
1
1

2
2
2
3
2
2
2

1 211 2 2

1
1
1

1

121 2 2
1 3113 3
1 21111

1

1

1211 2

1
3 2
1
1

1 12 2 2 1
1

1

2

2 2 2 2

1

11 2

1 2 1
1

1
1

2
3

1

1 21

1 211

1 2 2 2

3

2 2 2 2 3 3

3

2

2
2
2
2
2
2
2
1
2
2
2
2
2
2
2
2
1
2
3
2

2 3 2 2 2 2 2 3

2
1
1

2

1 112 2 2
1 221 2 2
1 221 2 3
1 22 2 2 2
1 11111

1

1
1
1
1

1

2 2 2

2
2
1

3

1 1 2

2

111 3 4

1
1
1
1
1

1

3 3 2

2
1
2
1
2
1
1
2

1 211 2 3
2 11131
1 22 2 2 2
2 2 2 2 2 2

3
1

1

2 2 2

2

2 2 2 2 2 2 2 2

2
1

2

1 312 3 3

2

1
1
1
3
1
2
1
2

121 3 1

1 2 2 2 2 2

1
1
1

4 3

1

121 1 2

12 2 2 2

111 3 1

1
2
1

1 312 3 3

1

12 2 3 1
1 312 3 3

1

AR

CoO
FL

GA

ID

IL

IN

IA

KS
KY
LA
M

MN

MO

MS

MT

NE
NC
ND

OH

OK

OR

SC
SD
TN

X
VA
WA

Wi

WY[f3 3 3 3
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Table3.22: Lag Structure of Bivariate Paiise Equation based on AIC (2013)
ST|AL AR COFL GA ID IL IN IA KS KY LA MI MN MO MS MT NE NC ND OH OK OR SC SD TN TX VA WA WI WY

AL

1
2
2
1
1
1
5

1 21111

2 2 2

2

4

4 2 4 2

2 4 2 2 2 4 4 4

2 2 2 35 2 2

1 12 2 2 2

4

2

2 3 2 2 2

1
2 1 2

11 2 2

3 3 3

3 2 3 1

1 2 4 2 4
1 2 2 2
2 2 2 2

2
2

2

5 2 2 1 3
4 2 2 2 2 3 2

4

1
1
1

2
2

2

4 2 2 2 2 3 2 2

1 15 4 2 2

1

2

1
2
1
2
2
2
1
2
1
1
4
1
2
1
1

1 1 111 2 2

2

1
1
2

3

2 2 2 2

2 2 2 232 2 2

3

4 2 2 2 2 3 4 4 4

1 23 4 2 2
1 214 2 2

1
1

2

2
4 2 1 2 23 2 2 2

2 2 2 4

1

1

1 21 4 1 1

1

2

2 2 2 2 3 2 2 2

2
2
2
2

1

1 111 2 2
1 2 2 4 2 2

1
1 1111 2

1
1

4
4
2
4

1
1
1

2 1 2 2 2 2 2 2

2 2 2 2 2 4 2 2

2
2

1 12 2 2 2
1 1 4 4 2 2

1
1

4

2

1
1
1

1 12 4 3 3

2 1

4
2

3 2 3 2 2 3 2 3
2

1

1 2 3 3 1 1

1

AR

CcOo
FL

GA
ID
IL
IN
IA
KS
KY
LA
Mi

MN

MO
MS

MT

NE
NC
ND
OH

OK

OR

SC
SD
TN
X
VA
WA

Wi

WY

LA is excluded due tanit test results. Other missing statistics are due to missing or insufficient data.
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Table3.23: PairWise EngleGranger Cointegration Test Statistics of B¢y (20089)

ST|AL AR CO FL GA ID IL IN IA KS KY LA MI MN MO MS MT NE NC ND OH OK OR SC SD TN TX VA WA WI WYy
AL| - 3.48 1.69 444 2.611.69 2.78 2.08 2.27 181 3.67 213 2.22 1.95 157 247 2.01 2.97 2.27 241 2.46 1.99 1.47 1.12 255 1.75 2.06
AR|3.53 - 1.39 3.13 3.22 2.31 2.35 1.82 2.02 1.48 4.18 1.8 19 1.6 1.49 3.22 162 2.18 2.94 2.87 3.05 2.04 1.72 1.39 3.06 1.68 1.79
CO|1.84 166 - 164 193 1.8 1.94 1.79 3.09 3.26 1.75 2.83 2.7 1.48 3.50¢ 1.87 2.43 242 22 24 208 33 2.08 1.95 2.39 1.85 1.64
FL |4.37 3.08 1.29 - 26 18 2.82 2.82 2.13 1.98 3.12 2.31 2.38 2.02 1.72 2.43 2.17 3.08 2.48 25 243 212 1.48 1.22 2.17 193 2.1
GA|2.67 3.13 1.87 2.67 - 203337 3.29 241 2.18 2.64 3.7 33 3.04 1.99 3.98 2.99 4.88 4.15 4.47 4.24 2.84 2.633.35° 3.21 1.95 2.93
ID|1.78 23 1.11 1.75 201 - 1.14 236 2.56 1.63 211 13 254 0.82 2.28 2.34 198 1.76 2.07 1.99 2.28 1.31 1.92 2.15 0.75 1.92 1.17
IL 284 231 1.69 2.89 3.37* 15 - 282379 2.79 2.81 5.74 4.36 3.79% 2.64 3.31 444 4.25 6.15 4.59 410" 3.61* 2.69 2.86 4.82 2.74 3.8%
IN|225 185 1.32 291 3.311.78289 - 3.68 261 2.63 4.58 3.68 2.23 2.37 3.21 4.07 3.42 4.21* 3.84 3.54 342 2.313.45 3.7 217 2.92
IA 234 2 302 231 246 2.053.82 3.64 - 257 2.32 3.55 3.5 2.6 261 2.66 3.62 3.19 2.83 4.56° 2.96 2.97 2.87 2.76 4.17 2.79 3.25
KS|2.01 156 3.24 2.2 2.24 184287 261 262 - 2.18 2.22 1.86 3.03 2.67 2.28 3.12 2.63 2.8 3.7 257 2.27 2.96 2.33 4.06° 2.92 3.29
KY

LA [3.74 4.12 158 3.24 2.56 1.63 2.73 2.53 2.23 2.04 - 2.53 2.39 246 1.74 243 247 287 2.8 244 248 214 1.33 1.65 2.51 2.09 2.45
Ml

MN|2.25 1.8 211 2.46 3.79 1.865.79 452 3.53° 2.15 2.63 - 244 2.82 233 3.33 2.72 417 4.18 4.83 3.99 2.53 296 2 316 3.86¢ 3.2
MO|2.32 1.88 2.62 2.51 3.32 2.144.3% 3.63 3.44 1.77 25 242 - 4.07 2.17 3.06 2.28 3.95 3.44 4.13 3.38 3.19 2.643.41F 3.7 3.28 3.37
MS

MT|]2.23 1.75 1.46 2.32 3.13 1.483.91F 2.33 2.74 3.07 2.59 2.98 4.25° - 1.82 295347 26 415 3.14 3.28 2.85 226 3 4.10° 3.315.99%
NE|[1.87 1.63 3.54 2.03 2.13 1.96 2.81 2.43 2.73 2.74 1.96 249 2.32 184 - 1.77 3.02 241 18 266 2.02 251 2.7 2.22 358 1.83 2.95
NC|[2.55 3.07 1.83 2.52 3.99 216 3.31 3.2 2.65 2.24 2.53 3.32 3.03 287 165 - 2.6 421 3.23 3.84 597 2.33 1.94 2.57 3.38 2.01 2.89
ND|2.12 1.61 2.29 2.31 2.99 1.974.45 4.00* 3.60 3.06 2.56 2.7 228 3.37% 288 2.61 - 3.7% 4.09 441 2.96 4.04 2.41 3.07 4.13% 2.14 3.22
OH|2.97 214 2.24 3.09 4.84 1.754.22 3.34 4.03 3.12 2.88 4.13 3.90¢ 2.83 222 416° 3.7 - 5.11 3.15 4.60* 3.75 1.9 2.69 3.54 2.38 3.19
OK|2.43 291 1.85 2.68 4.12 2.156.20* 4.1 2.82 2.71 2.85 4.15 3.43% 4.03 1.64 3.21 407 513 - 4.84 432 2.73 297 2.9 499 4.01* 411
OR|2.53 2.84 2.34 2.4 4.46° 1.664.61* 3.80~ 4.56° 3.66" 2.56 4.84 412 3.08 2.6 3.83 442 325494 - 433 4.0& 2.78 3.12 3.86" 5.24 3.8
SC| 25 298 2 248 424 2.164.11F 3.50 2.93 2.49 2.54 3.98 3.33 3.19 1.88 5.94 293 4.64 3.90 433 - 263 1.95 2.15 3.68 2.27 3.14
SD|2.12 2.05 3.25 2.27 2.87 1.783.66° 3.40* 2.96 2.24 2.25 2.97 3.28 2.78 2.41 2.35 4.11* 3.81* 2.75 4.07 2.68 - 2.68 2.88 3.58 2.04 2.87
TN

TX|1.52 191 2.36 155 3.23 243 252 2.11 2.77 2.85 1.94 2.79 2.57 2.06 2.52 2.03 2.13 2.05 2.86 2.65 2.02 25 - 229 1.26 3.03 2.89
VA|1.28 1.76 1.46 0.99 3.31 2.67 2.37 2.22 2.45 2.05 1.25 156 3.29 245 174 267 26 246 24 247 226 1.77 212 - 237 192 2.86
WA|[2.69 3.12 2.39 247 3.29 1.154.16" 3.80" 4.23" 4.0 2.67 3.23 3.84 4.10° 3.55 3.45 4.21 3.65 5.11F 3.91* 3.76* 3.12 17 301 - 254 3.05
WI]2.03 1.8 1.78 2.21 2.04 2.26 2.91 2.24 291 2.94 2.25 3.97 2.95 3.32 1.82 2.09 2.31 2.56 4.14 5.35 2.38 2.19 3.14 259 256 - 4.5&
WY|[2.29 277 1.55 2.35 3.02 1.564.03 2.96 3.32 3.33 2.58 3.28 3.45 599 292 2.97 3.32 3.3 4.23 3.90¢ 3.23 2.93 2.64 2.74 3.02 452 -

* = significant at the 5% levgtritical value at the 5% level 3.34,at the2.5% level= 3.64,at the 1% level3.96 Missing statistics are due to missing or insufficient data.
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Table3.24: PairWise PhillipsPerron Cointegration Test Statistics of B} (20089)

ST|AL AR CO FL GA ID IL IN IA KS KY LA MI MN MO MS MT NE NC ND OH OK OR SC SD TN TX VA WA WI WY
AL| - 3.50° 1.653.29 2.65 1.75 2.73 2.62 2.28 2.03 3.11 271 24 2.46 1.77 251 2.58 3.03 2.84 2.5 249 2.23 15212 267 201 24
AR|3.5% - 1.653.21 2.15 1.59 2.18 1.89 1.79 1.56 4.16* 2.33 2.03 224 1.34 202 2.14 2.73 252 251 2.06 1.8 1.791.03 2.63 1.59 242
COl 1.8 1.72 - 197 2.02 2.73 2.26 2.27 2.51 2.54 17 216 21 2.3 2.671.92 242 273 222 252 2.15 2.63 224199 26 245 23
FL|3.27 3.14 179 - 2.7 184283 2.84 24 212 2.79 2.84 2.48 2.56 1.82 2.56 2.74 3.19 2.87 2.64 2.54 2.37 1.551.32 2.76 2.08 2.47
GA|2.72 216 1.96 2.8 - 1.583.53*3.47* 2.85 2.29 2.61 3.15 3.06 2.58 1.773.51* 2.74 4.24* 3.54* 3.52* 3.63* 2.62 2.8 223275 2.05 2.55
ID] 1.6 158225158152 - 1.09 094 1.3 1.26 2.22 1.21 1.47 0.99 1.031.72 1.15 1.51 1.27 1.06 1.76 1.26 1.551.49 0.21 1.23 1.61
IL | 28 2.19 222293354 148 - 259 3.14 231 2.72 3.78* 3.27 2.76 1.943.37* 3.24 3.81* 3.63* 3.79* 3.93* 2.8 279179331 25 275
IN 1272 194 2.262.963.49 1.4 261 - 297 2.14 2.52 3.18 2.79 2.46 1.85 3.27 2.99 4.13* 2.9 3.49* 3.65* 2.76 235237 3 1.88 241
IA 1236 1.81 248251285 1.7 3.14 295 - 236 2.28 243 2.45 2.64 2.04 273 2.68 3.64* 3.08 4.03* 3.11 3.11 2.963.193.41* 3.17 2.76
KS|[2.18 1.64 2.542.28 2.35 1.68 2.35 2.16 2.4 - 2.12 1.82 1.79 2.4 236 2.31 2.33 2.94 2.39 3.03 2.64 2.06 3.072.51 3.22 3.09 2.7
KY

LA [3.12 410 1.562.82 2.53 1.58 2.64 2.41 2.21 1.98 - 2.58 2.36 242 1.7 247 2.48 2.87 2.82 2.47 2.49 214 1.441.52 258 2.05 2.41
Mi

MN|2.81 2.36 2.142.96 3.17 1.863.79* 3.17 2.45 1.78 2.67 - 229 2.71 1.61 3.06 2.83 3.46* 3.94* 3.62* 3.49* 1.98 3.1 217 295 297 2.76
MO| 2.51 2.07 2.082.61 3.09 1.85 3.29 2.79 2.47 1.76 2.46 23 - 252 1.66 3.11 2.43 3.44* 3.73* 3.35* 3.52* 1.74 2.73 2.3 3.54* 297 2.71
MS

MT| 2.6 2.32 2.322.72 2.63 1.55 2.81 2.49 2.69 241 2.56 2.74 255 - 22 255 273 2.89 3.16 3.71* 291 2.38 2.4 1.513.52* 3.78* 4.50*
NE[1.98 1.51 2.722.06 1.9 1.59 2.05 1.93 2.15 241 1.92 1.71 1.76 224 - 188 227 261 21 27 213 1.96 2.792.63 2.71 2.22 2.48
NC|2.59 2.04 1.872.673.51*1.763.37* 3.24 2.73 2.25 2.55 3.04 3.08 249 175 - 267 3.96*3.37* 3.16 6.01* 2.41 1.992.57 2.88 2.06 2.5
ND|2.65 2.16 2.382.84 2.75 2.07 3.23 2.97 2.68 2.29 2.55 282 24 2.68 2.17 2.68 - 3.26 3.15 3.39* 3.11 2.47 2.521.853.64* 3.05 2.72
OH| 3.04 2.67 2.633.224.19* 1.333.75* 4.06* 3.58* 2.84 2.88 3.39* 3.36* 2.78 2453.91* 3.19 - 3.253.88%4.17* 3.29 1.963.05 3.03 2.83 2.76
OK|2.88 2.51 2.152.943.53*1.713.60* 2.86 3.05 2.32 2.87 3.91* 3.69* 3.09 1.963.35 3.13 3.28 - 3.42*3.66* 2.57 3 1.933.63* 3.2 3.15
OR[2.62 2.56 2.522.783.55* 1.5 3.82* 3.50* 4.05* 3.03 2.58 3.63* 3.36* 3.70* 2.65 3.19 3.42*3.97*3.47* - 3.59*3.60* 2.921.974.02* 3.97* 3.18
SC|2.54 2.04 2.062.613.60* 1.76 3.90* 3.60* 3.08 2.56 2.54 3.45* 3.47* 2.83 1.995.98* 3.07 4.19*3.65*3.53* - 2.77 1.96 2.2 3.24 2.33 2.77
SD|2.33 1.84 2.61 25 2.65 1.9 2.82 2.76 3.13 2.03 2.24 1.98 1.74 2.34 1.87 2.44 2.49 3.37* 2.62 3.59* 2.82 - 277251 3 286 254
TN

TX]1.63 2.04 1.981.69 2.82 1.96 2.64 2.16 2.88 2.98 1.77 2.95 2.69 222 263212 227 214 29 282 2.08 2.61 - 235146 315 2.04
VA|136 09213211 21 1.731.28 1.86 2.83 2.15 1.44 1.67 1.98 0.89 211 253 1.21 2.6 144 142 22 2.03 213 - 052 0.89 1.39
WA|2.82 2.72 2.642.93 2.83 1.273.36* 3.05 3.46* 3.25 2.73 3 3.58* 3.54* 2.69 2.96 3.69* 3.16 3.70* 4.05* 3.33 3.05 185151 - 3.70*3.67*
WI|2.19 1.72 2.492.29 2.15 1.73 257 1.94 3.23 3.11 2.22 3.02 3.01 3.79* 2.2 215 3.11 2.96 3.29 3.99* 245 2.9 3.251.383.70* - 3.81*
WY|[254 249 2.322.63 2.61 1.87 2.8 2.44 2.81 2.71 2.55 279 2.74 4.50*2.45 256 2.78 2.88 3.21 3.2 286 257 2.071.743.65*3.79* -

* = significant at the 5% level; itical valueat the 5% level 3.34,at the 2.5% level 3.64;at the 1% level 3.96 Missing statistics are due to missing or insufficient data.
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Table3.25: Johasen Cointegration Rank Test Trace Statistics 3.8(20089)

ST| AL AR CO FL GA ID IL IN 1A KS KY LA Ml MN MO MS MT NE NC ND OH OK OR SC SD TN TX VA WA WI WY

AL| - 23.50* 7.75 31.82* 12.01 7.04 12.63 10.28 10.03 11.51 17.08 12.44 12.47 10.38 19.72 14.02 12.96 13.1 15.57 10.34 11.36 9.68 12.6525.04 18.06 15.63 16.3
AR[23.50* -  13.06 16.48 18.87 7.93 9.65 7.93 7.76 7.7 15.62 11.35 9.94 8.6 14.84 16.95 9.98 10.38 12.27 9.82 17.37 8.13 8.56 15.39 10.79 10.42 17.74
CO| 7.75 13.06 - 9.14 16.02 9.46 14.55 13.74 15.37 15.42 6.99 15.93 13.59 12.1 16.4 12.73 15.41 19.5 14.48 15.87 11.3 18.64 5403* 15.58 14.87 11.65 11.21
FL|31.82* 16.48 9.14 - 14.12 7.35 14.47 12.55 11.35 12 11.57 14.66 13.77 11.4120.0% 12.03 15.48 15.14 19.86 13.11 13.57 10.94 16.02 15.8329.06 17.54 17.83
GA|12.01 18.87 16.02 14.12 - 6.6121.85 16.39 18.53 16.11 8.4 23.64 23.2% 20.39% 24.59 17.5223.3F 21.22 29.50 23.2% 19.73 14.58 13.11 13.3 34.3¢° 17.07 21.10
ID| 704 793 946 735 6.61 - 7.12 595 13.93 10.99 7.9 10.33 14.77 13.85 13.5 8.36 13.58 6.98 9.34 7.63 7.91 10.28 10.55 12.01 6.33 7.73 134

IL |12.63 9.65 14.55 14.4721.85*7.12 -  13.85 15.95 13.65 11.28  32.53 18.59 17.07 25.07 16.77 21.87 24.45 29.57 24.46 21.38 14.51 12.64 9.01 43.13 24.13 22.25
IN |10.28 7.93 13.74 12.55 16.39 5.95 13.85 - 16.67 12.33 8.59 22.98 14.72 13.5 15.35 13.04 25.74 26.93 20.8% 15.84 15.58 13.55 10.27 13.5737.00¢ 12.62 15.93
IA110.03 7.76 15.37 11.35 18.5313.9215.95 16.67 - 15.21 8.77 18.87 13.17 13.16 25.86 14.11 16.57 25.4% 12.7521.53 16.87 14.77 17.36 13.27 20.65 17.97 14.59
KS|11.51 7.7 15.42 12 16.1110.9€13.65 12.33 15.21 - 9.45 18.76 17.52 16.28 18.25 14.1520.19 19.91 16.0523.8% 14.63 14.73  20.53 15.3621.04 14.59 15.1
KY

LA|17.08 15.62 6.99 11.57 854 7.9 11.28 859 8.77 9.45 - 11.34 10.51 10.81 14.35 8.71 11.14 10.05 11.47 9.81 8.09 8.34 18.6234.46° 17.09 10.41 15.89
Ml

MN|12.44 11.35 15.93 14.66 23.64*10.3332.53 22.98 18.87 18.76 11.34 - 1128 23.06°29.0% 17.1320.18 25.57 12.7 23.93 22.00° 16.02 19.87 9.06 18.2 28.08 17.26
MO|12.47 9.94 13.59 13.7723.22*14.77 18.59 14.72 13.17 17.52 10.51 1532 - 14.74 21.40° 20.65 14.08 23.09° 21.12*26.24 23.37 9.09 16.5 18.3625.67 16.52 17.14
MS

MT|[10.38 8.6 12.1 11.4120.3% 13.8517.07 13.5 13.16 16.28 10.81  23.06° 14.74 - 11.02 15.96 16.37 13.97 18.19 13.3 18.52 10.33  52.50* 15.01 17.68 18.24 36.70*
NE|19.72 14.84 16.4 20.03*24.59* 13.5 25.07 15.3525.86° 18.25 14.35 29.03 21.40 11.02 - 23.48 22.77 25.66 20.72 27.49 22.97 14.64 16.21 11.16 22.95 14.15 15.04
NC|14.02 16.95 12.73 12.03 17.52 8.36 16.77 13.04 14.11 14.15 8.71 17.1320.65 15.9623.48 - 16.26 19.87 24.87 18.8324.73 11.31 8.91 9.13 29.49 13.32 18.8
ND|12.96 9.98 15.41 15.48 23.31* 13.5€21.87 25.74 16.57 20.19 11.14  20.18 14.08 16.3722.77 16.26 - 25.32 13.8223.04 21.33 145 14.78 13.37 2459 19.36 15.51
OH| 13.1 10.38 19.5 15.1424.63 6.98 24.45 26.93 25.43 19.91 10.05 25.57 23.00* 13.9725.66° 19.8725.32 - 21.1321.47 23.3% 21.87 6.91 10.2732.79 24.94 19.28
OK|15.57 12.27 14.48 19.86 29.50* 9.34 29.57 20.8% 12.75 16.05 11.47 12.7 211 18.1920.72 24.87 13.82 21.1% - 25.80 24.90* 15.32 14.83 11.76 28.54 23.39* 24.12
OR|10.34 9.82 15.87 13.1123.2% 7.63 24.46 15.84 21.53 23.8% 9.81 23.93 26.24& 13.3 27.49 18.8323.04 21.47 25.80 - 19 16.77 16.95 8.42 24.23 19.54 10.73
SC|11.36 17.37 11.3 13.57 19.73 7.91 21.38 15.58 16.87 14.63 8.09 22.00 23.37 18.5222.97 24.73 21.3% 23.3% 24.90- 19 - 1334 8.63 10.99 25.45 13.39 21.04
SD| 9.68 8.13 18.64 10.94 14.58 10.2€ 14.51 13.55 14.77 14.73 8.34 16.02 9.09 10.33 14.64 11.31 145 21.87 15.32 16.77 13.34 - 12.82 11.14 15.85 14.42 11.35
TN

TX]12.65 8.56 54.03* 16.02 13.1110.5¢ 12.64 10.27 17.36 20.53 18.62 19.87 16.5 52.50- 16.21 8.91 14.78 6.91 14.83 16.95 8.63 12.82 - 8.8 39.7722.01 18.17
VA [25.04* 15.39 15.58 15.83 13.3 12.01 9.01 13.57 13.27 15.36 34.46 9.06 18.36 15.01 11.16 9.13 13.37 10.27 11.76 8.42 10.99 11.14 8.8 - 16.94 11.09 13.82
WA| 18.06 10.79 14.87 29.06*34.36 6.33 43.13" 37.00° 20.65 21.04* 17.09 18.2 25.67 17.68 22.95 29.49 24.59 32.7% 28.54 24.23 25.45 15.85 39.77 16.94 - 14.17 12.73
WI|15.63 10.42 11.65 17.54 17.07 7.73 24.13 12.62 17.97 14.59 10.41  28.08 16.52 18.24 14.15 13.32 19.36 24.94 *23.3% 19.54 13.39 14.42  22.0% 11.09 14.17 - 2219
WY| 16.3 17.74 11.21 17.8321.10- 13.422.25 15.93 149 15.1 15.89 17.26 17.14 36.70- 15.04 18.8 15.51 19.28 24.12 10.7321.04 11.35 18.17 13.82 12.7322.1% -

* = significant at the 5% level; d¢ital value at the 5% level £9.99;Missing statistics are due to missing or insufficient data.
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Table 3.26: Johasen Cointegration Rank Test Max Statistics 080y.(20089)

ST|AL AR CO FL GA ID IL IN 1A KS KY LA Ml MN MO MS MT NE NC ND OH OK OR SC sSD TN TX VA WA WI Wy
AL| - 19.9% 4.72 2898 7.92 455 8.66 7.17 6.32 6.98 14.94 8.93 7.97 7.92 150 9.52 829 9.33 12.11 6.44 7.76 6.08 10.04 20.97 14.42 12.37 13.36
AR[19.9% - 8.54 1398 125 524 6 485 455 3.98 13.38 8.09 6.23 6.17 9.83 12.47 6.46 6.54 9.33 7.44 12.82 4.72 6.94 12.68 7.91 7.48 14.85
CO| 4.72 854 - 6.17 10.25 6.66 9.73 10.ZZ 11.9 11.96 4.25 124 9.8 9.41 13.02 8.63 12.24 14.64 9.74 12.82 7.79 14.77  49.7% 11.93 12.29 8 8.69
FL |28.8* 13.98 6.17 - 9.87 4.54 10.54 9.46 7.68 7.73 9.51 11.19 9.45 8.91 1597 9.48 11.04 11.2216.83 8.59 9.84 7.34 12.93 11.9525.18 14.38 14.98
GA| 7.92 125 10.25 9.87 - 4.0318.45 13.41 15.1 11.66 6.13 20.24 19.7% 17.05 16.92 14.5819.53 17.41* 25.18 19.4% 16.42 11.14 10.79 10.46 29.81 13.07 17.83
ID| 455 524 6.66 454 403 - 419 3.24 10.19 7.66 5.48 7.66 10.83 10.72 10 4.89 9.32 491 5.67 431 4.89 6.56 7.6 861 3.93 4.62 9.74
IL]866 6 9.73 10.5418.45 419 - 11.71 11.92 9.22 7.64 28.7Z 14.9 13.9518.98 13.18 18.09° 21.00° 25.59 21.68 17.83 10.78 10.06 7.59 39.58 20.33 19.13
IN|7.17 4.85 10.27 9.46 13.41 3.24 11.71 - 13.98 9.77 5.62 20.15 12.44 10.19 11.43 10 23.03 23.93 18.00* 12.99 12.65 10.84 7.11 12.3 3354 8.8 12.82
IA]6.32 455 119 7.68 15.1 10.1€11.92 13.98 - 10.96 5.49 14.8 9.09 10.0320.25 10.66 12.8822.12 9.32 19.38 13.67 11.27 14.61 9.02 17.2% 15.2 11.6
KS] 6.98 3.98 11.96 7.73 11.66 7.66 9.22 9.77 10.96 - 5.14 15.28 11.74 13.61 14.02 9.62 15.74 16.37 11.67 21.5F 10.73 10.11 18.20- 13.4517.2% 12.6 11.85
KY

LA|14.94 13.38 425 951 6.13 548 7.64 5.62 549 514 - 8.44 6.78 82 975 645 7.8 7.73 888 753 6.05 5.39 15.3527.44 13.22 7.78 12.93
Mi

MN| 8.93 8.09 12.4 11.1920.24 7.6628.72 20.15 14.8 15.28 8.44 - 7.93 20.12 23.91 13.741575" 22,54 7.63 21.52 18.74 12.3 17.23% 7.61 14.9324.97 14.06
MO| 7.97 6.23 9.8 9.45 19.7310.82 14.9 12.44 9.09 11.74 6.78 10.69 - 11.4916.40 16.75 9.94 19.94 16.8T 23.98 19.88 5.49 14.3715.68 21.65° 13.81 13.93
MS

MT| 7.92 6.17 9.41 8.91 17.05 10.7Z 13.95 10.19 10.03 13.61 8.2 20.12Z 11.49 - 7.24 12.99 13.64 11.1 15.77 8.52 15.72 7.49 49.91 12.11 14.45 15.46 34.34
NE|15.29 9.83 13.0215.9716.92 10 18.98 11.4320.25 14.02 9.75 23.9T 16 40* 724 - 17.70-18.31* 19.80* 15.2 24.07 17.12 9.47 13.52 9.48 18.50* 10.14 10.98
NC| 9.52 12.47 8.63 9.48 14.58 4.89 13.18 10 10.66 9.62 6.45 13.74 16.75% 12.9917.70 - 12.5517.06 21.1F 15.88 22.20- 7.82 7.11 7.13 25.70- 10.05 15.86
ND| 829 6.46 12.24 11.0419.53 9.32 18.09 23.03 12.8815.74 7.8 15.75 9.94 13.6418.31 12.55 - 22.34 8.02 20.79 17.61 11.06 12.17 11.56 21.37 16.86 12.84
OH[ 9.33 6.54 14.64 11.2221.77 4.9121.00 23.93 22.12 16.37 7.73 22.54 19.94 11.1 19.80-17.06 22.34 - 18.11 17.82 20.69 18.85 4.16 8.15 29.62 21.63 16.50
OK[12.11 9.33 9.74 16.83 25.18 5.67 25.59 18.00+ 9.32 11.67 8.88 7.63 16.8T 15.77 15.2 21.11* 8.02 18.1F - 23.7221.26° 11.92 12.08 10.01 25.70F 20.72* 21.44
OR| 6.44 7.44 12.82 8.59 19.49 4.3121.68 12.9919.38 21.51* 7.53 21.52 23.98 8.52 24.07 15.88 20.79 17.82 23.72 - 15.70- 14.48 1453 6.84 21.14 15.27 6.84
SC| 7.76 12.82 7.79 9.84 16.42 4.8917.83 12.65 13.67 10.73 6.05 18.74 19.88 1572 17.12 22.20: 17.6T 20.69 21.26: 15.7¢- - 10.11 6.92 8.09 21.56° 10.5518.30
SD| 6.08 4.72 14.77 7.34 11.14 6.56 10.78 10.84 11.27 10.11 5.39 12.3 5.49 7.49 9.47 7.82 11.0618.85 11.92 14.48 10.11 - 10.28 9.29 1255 11.6 8.37
TN

TX]10.04 6.94 49.79 12.93 10.79 7.6 10.06 7.11 14.6118.20 15.35 17.23 14.37 49.91 13.52 7.11 12.17 4.16 12.08 14.53 6.92 10.28 - 6.45 36.47 19.24 16.04
VA[20.97 12.68 11.93 11.95 10.46 8.61 7.59 12.3 9.02 13.45 27.4% 7.61 15.68 12.11 9.48 7.13 11.56 8.15 10.01 6.84 8.09 9.29 6.45 - 1495 59 1161
WA|14.42 7.91 12.2925.18 29.8% 3.93 39.58 33.54 17.23 17.2F 13.22 14.9321.65 14.4518.50° 25.70 21.37* 29.62 25.70 21.14 21.56° 12.55  36.47 14.95 - 10.81 9.74
WI|12.37 7.48 8 14.38 13.07 4.6220.33 8.8 152 12.6 7.78 2497 13.81 15.46 10.14 10.0516.86° 21.63 20.72 15.27 10.55 11.6 19.24 59 1081 - 19.5F
WY|13.36 14.85 8.69 14.9817.83 9.7419.1% 12.82 11.6 11.85 12.93 14.06 13.93 34.34 10.9815.86° 12.84 16.50 21.44 6.84 18.30¢ 8.37 16.04 11.61 9.74 19.5* -

* = significant at the 5% level; ¢ital value at the 5% level £5.67;Missing statistics are due to missing or insufficient data.
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Table3.27: PairWise EngleGranger Cmtegration Test Statistics of E§.7) (201011)

AL AR CO FL GA ID IL IN IA KS KY LA MI MN MO MS MT NE NC ND OH OK OR SC SD TN TX VA WA

Wl Wy

LA

TN
TX
VA
WA
Wi
WY

- 2.8 347 275 2.2 241249 2.33 2.56 2.554.30:5.47 2.21 2.69 2.397.20" 3.27 2.61 2.97 2.96 2.15 2.34 3.48 2.46 2.83 2.39 257 3 3.55
3.02 - 5.94 3.29 3.122.112.54 2.49 2.58 3.02 2.44 2.95 2.43 2.61 2.133.36*4.66° 2.39 2.48 3.3 24 244501 3.11 1.74 2.41 3.02 2.554.7%*
3.736.00 - 3.934.28221 33 2.77 284 3 3.553.36° 3.143.96"4.464.20" 2.97 2.433.694.02* 2.69 2.983.90*5.15 2.27 3.55* 3.554.72 4.6
2.66 2.873.47 - 227243249 241 2.65 2.693.674.03 2.14 2.76 2.496.06* 3.27 2.77 2.13 2.93 2.5 2.393.3% 2.13 2.81 2.07 2.79 2.023.37%*
245 3.134.23 2.72 - 1.993.57 3.97 4.82 4.96" 4.39% 2.653.64" 4.27* 4.39% 2.574.81*5.02° 2.853.99" 3.43" 4.14*5.384.09 3.47 4.0 3.223.73 4.21*
2.7 222 2.183.86 2.07 - 199 1.78 1.99 2.094.40 3.15 1.71 1.98 1.68 3.02 1.85 1.83 1.74 1.9 1.82 1.87 2.02 1.74 2.02 1.63 2.19 1.75 2.44
2.77 2,55 3.23 2.993.621.96 - 3.80-4.424.58 3.41* 2.88 3.21 3.27 3.90" 3.66" 4.3 3.28 4.59* 3.01 2.93 2.924.95 4.99 3.12 2.92 2.47 4. 74 428"

277 3 29 3.1 496°1.984.54 3.65 2.87 - 3.55 2.72 2.953.51* 3.84* 3.51* 4.2 2.335.46" 2.48 2.73 3.66" 4.44 6.76" 1.354.01* 2.97 4.20*4.20*

5.45 2.77 3.124.27 246224266 2.6 254 254338 - 221 262 249594 3 251 261275226 25 3.08 2.6 2.77 2.23 2.77 2.58 3.31

2.63 2.144.40° 2.934.3% 1.6 3.87%3.45°3.43*3.86" 3.2 2.68 2.88 2.67 - 3.014.34 2.46 3.19 2.44 2.724.635.20°5.74 2.15 3.31 3.243.66*4.87%*

2.8 3.023.48 3.2 3.222.112.44 2.63 2.65 2.98 2.26 2.95 2.68 2.99 3.23 1.94 2.98 2.23 2.59 3.23 2.69 2.783.36* 2.75 2.47 2.81 - 2.923.90

3.81F 4.87 4.70° 3.85 4.30" 2.5 4.333.78 3.64" 4.32 4.02° 3.54 3.153.79 4.97 4.16* 3.96" 2.813.60*4.47 3.033.72 3.325.10°4.44 3.91* 4.01* 3.68" -
2.33 215 2.7 2.54 2.691.52 3.27 4.63 6.50* 3.234.06* 2.553.86°5.03* 2.41 3.46*5.11* 6.70* 4.82 3.36" 3.76* 3.64* 5.03 4.94* 2.41466* 2.5 5.63 4.58

4.48 2.58 2.8 4.63 2.831.932.21 2.65 2.35 2.613.98 3.69 2.44 2.8 2.263.69" 2.51 2.13 2.3 2.55 2.33 2.33 3.08 2.42 2.56 2.68 2.58 2.29 3.6%"

2.074.25
2.15 2.55
2.8 2.87
2.054.20¢
2.69 2.8
1.62 1.97
3.32 2.19

2.53 245 2.63 2.823.931.643.73 - 5.123.634.27 2.723.85 3.36*3.42 5.11* 3.93*5.43*5.10* 2.843.61* 2.874.16*4.71 2.063.81* 2.59 5.49 3.65 4.60* 2.58
2.79 2.58 2.73 3.084.831.884.39°5.1% - 2.87 2.91 2.723.36*3.383.42-4.20 3.27 2.687.00* 1.92 3.07 3.43 3.95" 7.21* 1.724.35 2.66 7.45 3.54 6.4% 2.31

3.22 2.55

5.23 2.52 3.1 4.60°4.482.993.63 456" 2.533.51* - 3.69°5.83 1.91 3.214.17 3.294.83 3.89% 1.965.59 3.174.16*4.72 0.67 5.21* 2.315.95 3.21 4.41* 3.48"

2.373.47%

2.28 2.32 291 2.683.57%1.413.113.7% 3.28 2.864.56* 2.22 - 3 2.783.63 2.953.844.06* 2.915.27* 2.79 2.9 3.76* 2.543.86" 2.584.12 2.873.7% 2.21
2.9 264392 3.214.291.913.273.433.433.55 2.06 282 3.1 - 269 3.32 329 2423.723.94 291 3 4.0I*3.87 3.48 3.41* 3.033.86"3.71* 5.06" 2.76

2.43 2.22

6.06° 3.254.09°5.41F 2.632.383.635.184.22 3.49 3.77 5.31*3.78 3.34 3 - 458481 3.13 2.573.48 3.144.37 3.283.52 3.16 1.883.834.13 3.48 3.35
3.52°4.72 2.963.73 4.871.864.37 4.0 3.3 435 3.70" 3.24 3.17 3.314.40:4.65 - 2.553.954.25 2.993.54 4.61 5.87 3.90"4.22 3.06 3.96°3.935.18 2.71
2.83 2.39 2.35 3.195.03*1.733.265.46* 2.69 2.333.74 2.7 3.98 2.39 2454.76 252 - 6.83* 1.1 3.64 2.543.576.97 0.454.86* 2.234.33 2.696.71* 2.09
2.35 244455 257 2.821.614.525.11 6.97 5.45° 3.52 2.734.11* 3.65 3.15 3.063.83*6.80* - 2.993.91*3.80*5.38" 3.24 3.014.28 2.55 3.173.44 4.77 2.22
3.243.384.023.424.06- 1.9 3.06 295 2 256 231 3 3.153.9% 249 2.624.26- 1.2 312 - 28 3 3.883.51*4.423.49% 3.32 3.244.44 3.44 257
2.2 227 243 2.763.341.492.823.54 297 2.624.57* 2.285.13 2.78 2.6 3.35 2.75 3.273.84 256 - 2.68 2.8 3.58 2.253.65 2.573.84 2.753.66" 2.09
258 2.42 2.88 2.854.11¥1.772.92 2.9 3.42 3.65 2.99 2.68 2.89 2.97 4.60* 3.143.46 2.533.83 2.92 2.8 - 4.884.61 2.76 3.28 2.77 4.91* 3.58 3.65" 2.27
3.70° 5.05 3.88 3.82¢ 5.41* 2.064.94* 4.23 4.00 4.49 4.97 3.28 3.114.04 5.24* 4.41* 458 3.61* 5.44* 3.85 3.284.92 - 6.09 3.9 4.52- 3.41* 3.98 3.275.07 3.15
2.37 3.075.05 2564.06° 1.6 4.90°4.70- 7.17 6.73 4.28 2.713.82 3.7%5.70" 3.195.77 6.93 3.243.37366*3.676.02 - 5.054.19 2.713.724.97 4.8% 2.34
3.09 1.83 2.25 3.283.51¥1.98 3.14 2.19 1.78 1.43 0.93 2.99 3.06 3.50F 2.21 3.56* 3.89* 0.55 3.124.40" 2.41 2.823.90:5.12 - 2.67 2.54 3.224.3% 2.49 2.57
2.6 2.4 351 257402154 29 3.824.344.00:5.08 2.473.93 3.79 3.29 3.094.18 4.87 4.31*3.44 3.73 3.26452*4.27* 2.63 - 2.796.243.854.65 2.11

25 254

2.59 2.514.64 2.483.701.614.67 550" 7.41* 4.16° 5.50* 2.71 4.56° 3.78" 3.60" 3.53 3.84 4.27 3.16 3.113.91*4.88*3.87 3.73 3.126.20* 2.88 - 3.5I*5.60 2.21
4.68 3.81*

- 225
23 -

* = significant at the 5% level; itical value at the 5% level 3.34,at the 2.5% level 3.64;at the 1% level 3.96 Missing statistics are due to missing or insufficient data.
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Table3.28: PairWise PhillipsPerron Cointegration Test Statistics of B#} (201611)

ST| AL

AR CO FL GA ID IL IN IA KS KY LA MI MN MO MS MT NE NC ND OH OK OR SC SD TN

™ VA WA WI WY

AL| -
AR|2.79

259292 29 2 287221 2.09 2.27 2.323.45 3.69 2.28 2.38 2.194.34 2.71 2.29 1.94 252 2.22 2.14 2.8 1.99 2.48 1.86
- 4.25 2.852811.952.49 2.22 2.31 2.68 3.04 2.34 2.53 2.36 2.26 3.3+ 3.82 2.1 2.67 2.57 2.46 1.853.66° 2.79 2.25 2.46

2.33 1.87 275 2 3.62
2.88 2.89 3.2 2.27 3.14

CO[3.154.28 - 3.15 3.311.853.49 2,99 2.72 3.08 1.59 2.71 2.74 3.2 3.443.824.45 2.2 353 3.56* 2.59 3.11 3.283.67 3.33 3.08 3.3% 3.62 3.65" 3.45 2.58

FL|2.73
GA|2.23
ID]31
IL |2.46
IN |12.29
1A 12.49
KS|2.53
KY |4.16F
LA [38.72
MI]2.37
MN|2.61
MO|2.42
MS|3.94

25 279 - 2022.882.09 2.06 2.24 2.333.67* 2.45 2.28 2.34 2.173.81 2.61 2.34 1.89 2.37 2.27 2.1 2.65 1.95 2.33 1.88
2.81 327 24 - 1.753.063.444.12 4.31*3.84 2.09 3.78 3.58 3.76° 2.62 3.81* 4.04 3.38* 2.9 3.54* 3.38*3.67* 4.36" 2.744.06°
2 183324181 - 172 18 163171175 27 179167 18 292172151185 1.6 181182 1.8 1.89 1.68 1.75
252347 25 3.091.71 - 3.264.09°4.21* 3.24 2.29 3.35 3.253.42 3.78 4.36" 3.69" 3.61* 3.50* 3.06 3.153.69 3.71* 3.41* 3.07
2.19 293 242343 1.713.21 - 4.26 3.253.4% 2.153.86" 3.09 2.934.52 3.344.294.15 2.923.57 2.89 3.193.93 2.794.07%*
2.32 2.68 2.614.131.584.084.28 - 2.65 25 221347 2.82 3.054.35 3.32 282524 19 3.15 3.13 3 5.0I* 1.52451
2.68 3.04 2.684.321.654.19% 3.27 2.64 - 2.7 2.22 2.98 2.723.96* 3.60 3.87* 2.57 4.56* 2.06 2.743.58 3.325.10" 1.3 4.1&
3.29 1.67 4.34 4.09- 1.623.56° 3.71* 2.66 2.87 - 2.464.0% 1.77 3 3.84 1.833.79°4.32 0.71 3.70* 2.69 1.96 4.60* 0.7 4.59
2.19 2.53 2.66 1.932.512.11 2.03 2.04 2.06 1.64 - 1.97 2.12 2.023.74 2.34 2.02 1.96 2.25 1.95 2.02 2.44 1.99 2.27 1.83
2.39 2.56 2.513.68 154321 3.77+3.36* 2.863.62 1.99 - 3.07 2.783.74* 2.76 3.64 4.19 2.67 4.91* 2.82 2.59 3.88" 2.67 4.00*
2.39 3.18 2.723.61*1.653.25 3.13 2.85 2.75 1.68 2.3 3.21 - 2.673.443.47 1.994.40° 2.55 2.96 2.42 3.114.25 2.333.52
2.273.41 2.553.77 1.753.41F 2.96 3.053.97 2.78 2.19 291 2.66 - 3.063.75 2.5 3.68 2.66 2.74 3.51* 3.73* 4.32* 2.18 3.46"
3.273.69 3.59 2.7 2.433.75 4.54 4.37 3.593.39* 3.40"3.923.46" 3.06 - 3.844.47 3.313.39°3.62 3.15 3.32 3.113.65 3.08

MT|2.94 3.86° 4.45° 2.99 3.86" 1.744.38 3.40* 3.36* 3.91* 1.77 2.54 2.933.503.783.88 - 2.494.074.13 2.82 3.213.74 4.16" 3.86* 3.53"

NE|[2.52
NC|2.15
ND|2.77
OH| 2.3
OK|2.37

2.12 2.15 2.7 4.06" 1.463.67* 4.31* 2.83 2.583.60F 2.193.75 1.97 2.5 4.45 244 - 5.04 1.043.52 2.43 2.87 4.84 0.214.3%
2.653.48 2.273.36" 1.763.57% 4.15° 5.22 455 3.90 2.1 4.27 4.36"3.65 3.234.01* 5.0 - 3.54°4.02 3.343.70° 3.38 3.54" 3.86"
2.633.57 2.79 2.96 1.633.53F 2.99 1.96 2.13 0.66 2.46 2.86 2.59 2.71344*4.14 1.133.61* - 2.59 2.64 3.18 3.61* 3.65 2.99
231 24 249343 1552913.48 3.02 2.613.41F 1.964.87 2.81 2.6 3.46" 2.643.40:3.94 238 - 272 2.473.68 2.353.7¢"
1.86 3.07 2.493.39-1.77 3.13 2.92 3.133.58 2.49 2.19 2.95 2.413.51 3.13 3.17 2.433.36 2.59 286 - 3.51*3.73 2.2 3.49%

OR|3.013.68 3.27 3 3.70* 1.83.69 3.24 3.02 3.34 1.78 2.6 2.75 3.113.753.373.72 2.893.74 3.16 2.643.53 - 3.91* 3.143.4C

SC|2.19
SD|2.72
TN|2.11
TX|2.54
VA|[2.08
WA|3.01
WI1]2.23
WY ([3.79¢

2.773.62 2.324.3%4 1.83.673.934.995.084.27% 2.123.964.22 4.30* 3.044.10- 4.81* 3.38*3.54" 3.76" 3.70 3.87* - 3.44*4.33
2.3 3.33 2.74 2.781.683.42 2.85 1.57 1.36 0.51 2.45 2.84 235 2.22 3.69 3.85 0.29 3.59* 3.64* 2.54 2.24 3.15350 - 2.85
2.46 3.03 2.294.06°1.693.04408" 451 4.134.27* 2 4.09°3.50°3.45 3 3.484.383.88 2.933.86"3.483.374.35 2.81 -

2.883.36- 281 3 1.812.56 2.69 2.68 3.03 2.46 2.31 2.74 2.73 2.97 2.11 2.73 2.24 2.97 2.57 2.74 2.69 2.73 3.17 2.25 2.96

2.46 1.82 2.55 1.89 3.40¢
2.994.54 2.964.21F 2.35
1.85 1.92 1.86 1.73 2.02
2.593.62 3.314.11F 2.35
266432 28 4.13 2.21
2.685.30F 2.665.26" 1.98
3.024.87 2.914.59 2.17
2.44 4,68 0.844.25* 1.93
2.15 1.97 2.54 1.94 2.84
2.614.24 2.453.85 1.94
2.754.55 2.814.05* 2.1
297424 3.253.7™ 2.41
2.073.7% 3.2 3.60° 2.95
2.784.14 2.864.05 2.24
224484 2.074.93 1.85
2.95 2.84 3.195.16* 2.48
2.633.79°3.52- 3.56° 2.05
2.593.94 2.35368 1.85
2.694.04 2.94 3.29 2.37
2.76 3.76° 3.3 3.75¢ 2.39
3.144.26° 3.225.09 2.54
2.293.723.433.55 2.11
2.955.15 2.894.64 23

- 344 2.63 2.72 2.28

2.863.56° 2.214.53 1.833.57% 4.31*5.28°4.854.33 2.1 431451 4.21*3.71* 4.08 4.82 2.833.724.02 4.02 3.72 4.26* 3.66" 5.13 3.4 - 3.36"5.06" 2.53

3.263.67 2.97 3.041.933.35° 2.9 2.73 2.98 0.91 2.75 2.67 2.86 3.31 3.24 2.88 2.16 3.27 3.54* 2.58 3.013.35 3.313.47% 2.97
2.27341% 2.3 4.21*1.684.10¢4.15° 5.26 4.59- 3.92¢ 2.11 3.954.03* 3.77* 3.57 4.01* 4.92¢ 5.18" 3.51* 3.79 3.28 3.73* 5.10" 3.52* 4.65
3.16 2.553.70 238 2 235227 201 22 192 3 212211243 325 2.2 1.87 253 2.01 2.06 2.39 2.38 2.59 2.09 2.32

271345 - 3.28 2.2
271508 3.21 - 241
2.31 258 2.13 244 -

* = significant at the 5% level; itical value at the 5% level 8.34,at the 2.5% level 3.64,at the 1% level 3.96 Missing statistics are due to missing or insufficient data.
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Table3.29: Jdasen Cointegration Rank Test Trace Statistics 08(.(201611)

ST

AL

AR CO FL GA D IL IN 1A KS KY

LA Ml

MN

MO MS MT

NE NC ND OH

OK OR SC sD TN

X VA WA WI Wy

AL
AR
Cco

VA
WA
W
WY

15.28

13.1732.7¢ -

12.7
11.61
10.89
12.44
13.36
16.65
14.63
17.01
28.17%
12.08

13.8
13.44
56.64
13.97
18.91
13.02
13.11
13.01
13.51

11.9123.0% 15.67

12.27
12.83
15.98
11.06
12.71

14.37 22.22 22.3F%

1231
12.97

15.28 13.17 12.7 11.6110.8€12.44 13.36 16.65 14.63 17.01

- 3276 11.7 12.05 9.94 11.76 10.92 16.49 15.73 12.97
14.4523.16° 12.65 15.19 18.96 18.4621.13 17.58
12.68 12.6 12.83 13.12 13.5 12.4620.8%
8.8 18.85 15.64 16.38 25.58 19.12
7.37 10.4 10.81 10.96 16.74
35.20- 29.00 16.61 15.61
23.00¢ 15.59 24.5%

11.7 1445 -
12.0523.16¢° 12.68 -
9.94 12.65 126 88 -
11.76 15.19 12.83 18.85 7.37 -
10.92 18.96 13.12 15.64 10.435.20+ -
16.49 18.46 13.5 16.3810.8129.00- 23.00 - 12.13 14.12
15.7321.1% 12.46 25.58 10.9€ 16.61 15.59 12.13 - 24.20
12.97 17.5820.87% 19.1216.74 15.61 24.52 14.1224.20 -

16.13 18.43 19.28 14.08 10.55 15.73 14.55 16.01 14.37 23.1%
14.1421.04 11.49 18.7110.6520.30- 20.23 18.58 15.31 30.4F
10.24 16.6 13.4 14.57 9.95 13.29 13.84 17.73 12.36 11.93
12,9 19.55 10.91 17.04 9.23 14.33 13.99 11.86 19.53 19.93
12.89 14.3448.9F 13.7215.9217.69 30.3& 14.31 9.69 15.99
16.09 27.93 14.27 43.46° 8.97 23.66' 26.33 25.69 15.98 21.97%
12.39 14.04 13.31 14.3610.2417.56 19.86 7.46 9.15 18.91
7.89 20.12 11.06 10.8 8.1525.3%* 21.25 17.46 12.97 18.58
12.41 13.24 13.33 14.79 9.43 14.28 24.05 23.50' 15.19 16.29
17.7921.3% 12.7 17.9712.4123.26° 19.17 20.5* 18.01 27.53
11.98 19.75 12.72 19.5810.75 14.23 8.77 13.26 18.33 10.62
12.92 30.48 13.9 20.41 25.28 19.23 21.04 26.46°
10.56 21.2% 8.65 24.11 21.79 29.61 26.60+ 17.14
12.31 12.39 8.62 14.3124.17 24.21 10.63 11.86
19.63 18.79 9.15 25.75 16.97 19.57 23.77* 22.1%
12.24 10.62 8.29 8.27 9.57 9.43 8.71 1851
12.59 23.38 8.68 24.75 20.7F 21.40 17.95 22.00f
14.3529.75 13.8€20.08 26.25 18.53 21.16" 24.46
6.51 19.42 12.2324.70 6.92 37.02 26.1% 30.15 20.41* 19.64
15.37 13.59 17.08 9.95 10.17 7.25 13.03 9.84 9.56 20.67*

8.98 26.97
6.97 10.5
12.3123.04
11.59 20.44
10.1524.83

28.17 12.08
16.13 14.14
18.43 21.04
19.28 11.49
14.08 18.71
10.55 10.65
15.73 20.30
1455 20.2%
16.01 18.58
14.37 15.31
23.12 30.4F
- 1463
1463 -
16.75 17
12.97 131
29.38 23.63
19.07 25.68
16.37 17.8
13.58 22.2%

13.8
10.24
16.6
134
14.57
9.95
13.29
13.84
17.73
12.36
11.93
16.75
17
9.1
10.89
16.1
10.16
8.93

15.4 23.80 28.33
15.44 43.26- 20.29
14.16 10.91 11.4231.77 10.13 16.43

14.54 27.46- 15.84 23.40- 21.05 22.16 20.20- 24.40- 11.9 29.75 27.1& -

13.4456.64 13.97
12,9 12.89 16.09
19.55 14.34 27.93
10.9148.9% 14.27
17.04 13.72 43.46
9.23 15.92 8.97
14.33 17.69 23.66
13.99 30.38 26.33
11.86 14.31 25.6%
19.53 9.69 15.98
19.93 15.99 21.97%
12,97 29.38 19.07
13.1 23.63 25.68
9.1 10.89 16.1
- 10.94 12.45
10.94 - 1853
12.45 18.53 -
9.42 1162 17.1
11.1 17.06 36.5F
8.61 12.04 9.97
16.2522.43 25.2F

13.59 18.33 20.56 20.89 1742 45.09
16.07 23.93 24.86* 11.6 12.37 8.93
13.71 18.61 16.95 14.6 15.68 43.85
15.75 12.44 11.03 10.88 9.12 12.1
12.93 19.76 11.29 16.78 21.32 49.44
18.69 26.45 17.78 30.77 24.74 16.89
13.16 20.4% 16.1 9.11 16.1935.94
12.79 14.44 12.19 9.29 18.55 10.14

18.91 13.02 13.11 13.01
12.39 7.89 12.41 17.79
14.0420.12 13.2421.39
13.31 11.06 13.33 12.7
14.36 108 14.79 17.97
10.24 8.15 9.43 1241
17.56 25.36° 14.28 23.26°
19.86 21.25 24.05 19.17
7.46 17.46 23.50 20.50
9.15 12.97 15.19 18.01
18.91 18.58 16.29 27.53
16.37 13.58 15.4 15.44
17.8 22.22 23.80 43.26
10.16 8.93 28.33 20.29

13.51 11.91 12.27 12.83 15.98
11.9823.03 8.98 6.97 12.31

19.75 15.67 26.97 10.5 23.04 20.44 24.83 22.37 19.42

12.72 12.92 10.56 12.31 19.63
19.58 30.48& 21.21 12.39 18.79
10.73 139 8.65 8.62 9.15
14.2320.4% 24,11 14.3125.75
8.77 25.28 21.79 24.17 16.97
13.26 19.2329.61 24.21 19.57
18.3321.04 26.60- 10.63 23.77*
10.62 26.46* 17.14 11.86 22.12
14.16 14.54 13.59 16.07 13.71
10.91 27.46¢ 18.3323.93 18.61
11.42 15.84 20.56 24.86' 16.95

942 11.1 8.61 16.2531.77 23.40 20.89 11.6 14.6

11.62 17.06 12.04 22.43
17.1 36.5F 9.97 25.2%
- 12.66 12.68 19.65
12.66 - 18.8323.45
12.8 18.83 - 2557
19.6523.45 25.5% -
8.12 10.68 17.43 13.05

15 12.4426.53 21.60
13.38 18.12 13.8 25.99
15.5229.68 20.22 18.68
8.04 8.42 13.16 11.74
9.68 959 30.6F 19.86

13.9424.82 17.4328.72 28.90 10.8131.74 17.1432.9F 20.56 33.90 -
18.3524.10 25.81 26.44 13.54 19.9524.8% 19.96 29.48 8.87 26.54 26.75 -

10.1321.05 17.42 12.37 15.68
16.4322.16° 45.09 8.93 43.85
8.12 20.20* 15 13.38 15.52
10.68 24.40 12.44 18.12 29.68&
17.43 11.9 26.53 13.8 20.2Z
13.0529.75 21.60 25.99 18.68
- 27.18& 15.14 14.01 1457
33.08 7.84 25.00
15.1433.08 - 18.6938.58
1401 7.84 18.69 - 19.02
14.57 25.00 38.58& 19.02 -
10.28 10.72 11.05 9.04 10.32
12.38 25.94 19.15 26.58 43.59

11.06 12.71 14.37 12.31
11.59 10.15 22.2Z 6.51

12.97
15.37
13.59
12.24 12.59 14.35 12.23 17.08
10.62 23.38 29.75 24.70* 9.95
8.29 8.68 13.88 6.92 10.17
8.27 24.75 20.08 37.02 7.25
9.57 20.71 26.25 26.19 13.03
9.43 21.40- 18.5330.15 9.84
8.71 17.9521.16- 20.4¥ 9.56
18.51 22.00 24.46° 19.64 20.67*
15.75 12.93 18.69 13.16 12.79
12.44 19.76 26.45 20.4%
11.03 11.29 17.78 16.1
10.88 16.7830.77 9.11
9.12 21.32 24.7# 16.19 18.55
12.1 49.44 16.8935.94 10.14
8.04 9.68 13.94 18.35 10.25
8.42 9.59 24.82 24.10 9.42
13.16 30.6F 17.4325.8F 9.98
11.74 19.8% 28.72 26.44 16.03
10.28 12.3828.90° 13.54 10.32
10.72 25.94 10.81 19.95 15.67
11.05 19.1531.74 24.8% 10.61
9.04 26.58* 17.14 19.96 9.35
10.32 43.59 32.91 29.48 10.63

- 11.7820.56 8.87 9.47
11.78 - 33.90 26.54 9.72
26.75 17.42
9.11

14.44
12.19
9.29

10.25 9.42 9.98 16.03 10.32 15.67 10.61 9.35 10.63 9.47 9.72 17.42 9.11 -

* = significant at the 5% level; dital value at the 5% level £9.99;Missing statistics are due to missing onffigient data.
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Table3.30: Johasen Cointegration Rank Test Max Statistics 0809](201011)

AL AR CO FL GA D IL IN IA KS KY LA Ml

MN MO MS MT NE NC ND OH OK OR SC SD TN

TX

VA WA Wi

wy

VA
WA
wi
WY

- 13.05 11.72 11.01 9.3 9.87 10.26 9.93 13.64 12.11 14.8226.2% 8.36
13.05 - 31.59 9.89 10.41 8.25 8.09 8.36 12.81 12.65 11.2 144 11.86
11.7231.59 - 13 22.03 10.62 13.9517.65 16.28 19.24 14.19 16.33 19.55
11.01 9.89 13 - 1053 11.7210.62 10.14 10.24 9.43 16.55 16.94 8.34
9.3 10.4122.03 10.53 - 6.9317.53 14.07 14.9424.26 17.35 11.8317.00
9.87 825 10.62 11.72 693 - 544 733 74 7.89 1344 953 812
10.26 8.09 13.95 10.6217.5% 544 - 33.55 26.87 14.94 13.62 13.4318.4%
8.36 17.65 10.14 14.07 7.3333.55 - 21.40 13.8422.52 12.3 18.4F
12.8116.28 10.24 14.94 7.4 26.87 21.40 - 9.99 12.02 13.99 16.98
12.6519.24 9.43 24.2¢° 7.89 14.94 13.84 9.99 - 20.37 12.61 13.68
11.2 14.1916.55 17.35 13.4413.62 22,52 12.0220.3% - 20.93 27.79
14.4 16.33 16.94 11.83 9.53 13.43 12.3 13.99 12.6120.9% - 10.38
8.36 11.8619.%* 8.34 17.00 8.12 18.49 18.4F 16.98 13.6827.79 10.38 -
10.67 8 14.98 10.77 13.35 7.57 11.41 12.27 13.47 9.7 9.81 14.77 15.16
11.07 10.5917.95 8.46 15.68 6.43 12.6 12.05 9.77 17.9¥ 17.76¢ 11.27 11.33
47.25 9.09 9.11 38.68 9.55 12.9513.1825.75 9.78 6.23 13.8124.2F 18.96
125 12.8 26.47 12.9142.33 6.18 22.54 25.03 23.79 13.58 18.88 16.98 24.31*
15.57 8.81 11.94 10.42 13.21 7.02 15.8¢ 18.5F* 5.95 6.83 16.59 14.3316.34
10.83 6.35 19.0% 8.85 9.44 6.522410" 19.4% 13.65 11.67 15.85 11.3520.1¢
10.6 10.46 11.63 10.88 13.74 6.87 12.3322.18 20.6% 13.54 14.2 13.37 22.0¢
8.75 14.4719.1F 9.03 15.88 9.21 20.78 16.66 18.27 15.51 24.9% 10.97 40.4%
10.61 8.09 17.93* 9.53 18.1% 7.8 12.53 6.96 11.6116.57* 8.46 12.11 9.14
10.8521.35 14.31 11.82 29.40- 11.2€19.2% 2372 17.43 19.4% 20.75 12.96 25.8%"
10.34 7.59 25.9F 8.43 19.6% 7.06 22.03 19.6T 25.62 24.92 15.43 11.2516.4%
10.01 5.14 9.13 9.93 11.21 6.24 12.4122.22 20.10- 8.37 9.14 14.2722.0%
13.64 9.79 21.72 16.35 17.28& 7.06 24.45 15.80 18.54 22.62 20.53 11.5317.34
9.02 9.76 18.8% 10.34 9.2 6.59 641 7.62 7.29 6.95 16.22 13.54 10.73
10.63 8.49 23.77 10.3422.15 7.08 23.56° 19.22 18.38 16.83 19.03 10.78 17.9¢

9.93
13.64
1211
14.82

26.29

10.67 11.07 47.2% 12.5 15.57 10.83
8 1059 9.09 128 8.81 6.35
14.9817.95 9.11 26.47 11.9419.09
10.77 8.46 38.68 12.91 10.42 8.85
13.3515.68 9.55 4233 13.21 9.44
7.57 6.43 1295 6.18 7.02 6.52 6.87 9.21 7.8 11.28 7.06
11.41 12.6 13.1822.54 15.86* 24.1¢ 12.3320.78& 12.53 19.2% 22.03
12.27 12.0525.75 25.03 18.5F 19.49% 22.18 16.66° 6.96 23.72 19.6T 22.22 15.8¢
13.47 9.77 9.78 23.79 5.95 13.6520.69 1827 11.6117.43 25.62 20.10 18.54
9.7 17.9% 6.23 13.58 6.83 11.67 13.54 15.5116.57 19.49 24.92 8.37 22.62

10.46 14.47 8.09 21.3% 7.59
11.6319.1* 17.93 14.3125.9%
10.88 9.03 9.53 11.82 8.43
13.74 15.88 18.19 29.40° 19.6%

12.41 24.45

14.77 11.27 24.2% 16.98 14.33 11.35 13.37 10.97 12.11 12.96 11.25 14.27 11.53 13.54 10.78 17.3% 11.49

15.16 11.3318.96 24.3F 16.34 20.16 2206* 40.4% 9.14 25.8% 16.49 22.09 17.34
- 7.6 6.56 14.89 7.54 6.84 26.93 17.63 9.6 14.1719.42 23.54 15.49
7.6 - 6.49 10.36 7.59 9.93 7.08 13.5828.79 21.77% 19.54 9.99 13.11
6.56 6.49 - 12,67 7.84 12.67 6.79 17.84 54 14.68 12.78 7.01 11.18

14.89 10.36 12.67 - 15.0735.55 8.49 23.67* 14.76 20.82 44.14 7.49 42.5¢
754 759 7.84 1507 - 9.82 10.3116.94 6.5 18.42 11.73 8.94 14.55
6.84 9.93 12.673555 9.82 - 17.07%20.77 8.77 23.3% 10.4117.07 28.1F

2693 7.08 6.79 8.49 10.3 17.0# - 23.08 15.66 10.6524.90- 12.1518.94

17.6% 13.58 17.84 23.67 16.94 20.77 23.08 - 10.6327.6% 19.01 23.2F 17.16
9.6 28.7¢ 54 1476 6.5 8.77 1566 10.63 - 25,52 13.05 12.15 13.53

14.17 21.77 14.68 20.82 18.42 23.38 10.6527.6% 25.5¢ - 32.04 6.29 23.8%

19.42 19.54 12.78 4414 11.73 10.4124.9¢- 19.0% 13.0532.04 - 17.56 36.56

2354 999 7.01 749 894 17.07 12.1523.2% 12.15 6.29 17.56¢ - 17.37%

15.49 13.11 11.1842.50 14.5528.11 18.94 17.16¢* 13.53 23.87* 36.56 17.37% -
9.19 941 6.51 108 579 7.13 1157 947 833 96 97 732 887

9.15 15.67 16.90- 48.45 7.19 8.16 28.82 17.46° 10.6524.9F 17.05 25.50 42.28 10.51
13.4321.24 21.1 13.3828.63 11.7€19.00 24.74 16.6F 19.30F 21.52 17.3% 24.8% 16.23 29.48 18.71* 15.56 11.9 23.85" 15.78 26.68 27.28 9.74 30.77 15.57 31.66 19.32 3289*

6.41 23.56 19.00- 35.34

7.62 19.22 24.74 23.95
7.29 18.38 16.6F 26.67
6.95 16.83 19.30F 18.77%
9.81 17.76¢° 13.8118.88 16.59 15.85 14.2 24.9F 8.46 20.75 15.43 9.14 20.53 16.22 19.03 21.5 15.2917.45

10.7317.90 24.89 18.63

9.19 9.15 16.2% 14.88

9.41 15.67 29.48& 7.18

6.51 16.90 18.7F 11.85

10.8 48.45 15.56 34.95

579 7.19 11.9 14587

7.13 8.16 23.85 22.76
11.57 28.82 15.78* 24.26
9.47 17.46 26.68 23.7F

8.33 10.6527.28 11.69

9.6 24.9F 9.74 18.04
9.7 17.05 30.77 23.05
7.32 2550 15.57 18.88
8.87 42.28 31.66 27.59
10.5119.32 7.44

32.8% 25.2F

10.6 8.75 10.61 10.85 10.34 10.01 13.64 9.02 10.63 13.43 10.27 10.92
514 979 9.76 8.49 21.2&4 4091
9.13 21.72 18.88 23.77 21.12 18.4%
9.93 16.35 10.34 10.34 13.38 10.02 14.41
11.2117.28& 9.2 22.15 28.63 23.0F
6.24 7.06 6.59 7.08 11.76 5.4

13.25
12.07

8.65
6.48
5.97
11.02
7.24
7.34

11.34
12.43
10.02
7.18
14.29
8.56
7.58
8.23
7.78
13.31
8.12
13.92
9.38
7.26
9.28
7.89
8.53

- 2579 15.9¢
10.27 4.91 18.4Z 10.0223.0F 5.4 35.34 23.95 26.67 18.77 15.29 11.4918.63 14.88 7.18 11.8534.95 14.87 22.76 24.26 23.7F 11.69 18.04 2305* 18.88 27.5% 7.44 25.27% 25.79 -
10.92 13.25 12.07 14.41 8.65 6.48 597 11.02 7.24 7.34 17.45 11.34 12.43 10.02 7.18 14.29 856 7.58 8.23 7.78 13.31 8.12 13.92 9.38 7.26 9.28 7.89 8.53 1596 6.97

6.97

* = significant at the 5% level; criticafalue at the 5% level £5.67;Missing statistics are due to missing or insuéfitidata.
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Table3.31: PairWise EngleGranger Cointegration Test Statistics of Bf) (201213)

ST|AL AR CO FL GA ID IL IN IA KS KY LA Ml MN MO MS MT NE NC ND OH OK OR SC SD TN TX VA WA WI WY
AL| - 2.61 059 3.21 3.19 1.71 2.96 3.53 2.64 2.63 3.2/ 3.80F 2.42 2.69 2.54 2.123.02 2.94 243 3.67 2.822.44 3.1 255 2.1 3.49 2.52 2.44 2.15
AR([2.83 - 0.73 3.06 2.89 1.36 2.82 1.29 1.8 2.08 2.33 2.75 2.653.36F 2.252.38 1.3 3.16 2.07 2.53 1.342.09 2.7 2.71 2.33 2.89 3.63 249 1.8
CO| 24 056 - 219 1.19 1.28 1.38 0.75 1.99 0.29 0.06 151 259 245 1.161.222.39 2.53 1.35 142 152 2.5 1.03 0.953.82 1.24 132 2.76 1.64
FL [3.55 2.62 0.86 - 4.4I* 3.27 497 5.73 3.01 2.31 3.78 3.77 2.15 3.96* 5.61* 2.56 3.23 3.70 2.51 3.63 3.85 2.514.13* 2.82 3.09 3.93 2.98 2.18 1.84
GA[3.98 2.58 0.294.70+ - 1.45 3.04 352 3.12 2.55 4.09 3.28 2.74 2.8 440182245 2.77 1.92 3.133.81F 2.7 3.1 1.92 2.17 3.07 2.54 3.04 1.38
ID [3.35 2.82 2.054.01* 2.77 - 2.84 3.03 2.45 2.13 1.72 3.45 2.2 2.613.86°2.332.28 3.99 2.29 3.64 2.52 2.56 2.51 2.05 3.81 3.14 245 25 3.40¢
IL [3.46° 2.89 0.17 5.10 2.98 154 - 1.7 2.73 2.44 3.66 1.88 1.69 3.40F 3.552.422.15 2.72 2.17 1.84 2.69 2.1 287 2.4 2.26 2.12 2.89 197 1.6
IN [3.71* 1.71 0.745.88 3 253 216 - 2.6 1.783.48& 2.26 1.26 2.14 3.071.931.94 3.01 2.14 2.15 2.292.932.76 1.88 3.28 1.99 2.34 1.98 1.05
IA 13.05 1.87 0.654.78 2.04 1.88 282 189 - 3.62 3.12 1.82 2.45 2.78 3.65 2.15 2.63 2.93 2.78 1.79 2.76 2.55 2.31 4.58 5.17 2.07 3.36° 5.3 1.47
KS|3.15 2.27 1.27 4.28 3.16 1.65 3.09 2.08 3.8% - 3.53 2.94 191427 4.14 2.024.0 2.85 2.02 2.71 2.7 2.652.94 2.87 2.99 2.29 3.54 4.25 1.38
KY |3.56° 2.4 0.98 3.97 3.8 1.34 3.65 3.3%" 3.23 3.64 - 2.97 1.77 293537 1.342.84 3.44 239 2.79 3.74 2.733.73 2.86 3.04 3.06 3.313.77* 1.77
LA

Ml |3.34 2.39 0.57 3.64 2.8 3.02 2.86 3.66" 2.67 2.39 2.56 - 23 2613.80°1.962.68 3.03 1.855.81 2.333.252.61 254 2.34 25 2.88 3.35 1.36
MN] 2.7 1.8 0.3 348 1.76 1.62 1.74 1.28 2.35 1.47 1.7 189 - 27 2 286293 2.83 2.09 2.38 1.36 2.44 1.73 3.51* 3.52* 1.72 402 3 239
MO]2.82 3.35° 0.32 3.43 3.18 1.67 2.93 1.67 3.50" 3.84 2.86 28 252 - 3.08195206 2.67 19 2.6 391215296 241 2.2 3.78 3.94 2.74 156
MS|3.80° 3.53 0.04 5.58 3.97 3.44 3.48" 2.86 3.54 3.91* 5.0 2.18 294 326 - 2.323.62 3.69* 3.26 2.16 3.46° 2.834.04 3.42 4.45 3.25 402542 2.34
MT|3.33 2.5 0.423.74 2.23 1.93 241 174 24 212 0.97 2.34 3.13 249433 - 256 3.09 2.65 2.1 3.19 2.7 2.08 2.22 3.54 1.79 2.95 3.01 241
NE|3.36° 1.38 0.47 4.8% 2.09 1.74 2.15 1.77 2.64 3.76° 2.87 235 3.02 214371224 - 273 252 2.84 274227 2.48 2.46 3.14 161 3.46° 239 13
NC|[3.55 3.73 2.16 4.17 2.82 3.90* 2.96 3.39% 3.42 3.3% 3.6% 3.13 3.50F 3.66° 3.7+ 2.913.34 - 348 3.18 3.132.71 2.71 3.35 3.68 3.29 3.2 3.55 3.38
ND|3.06 2.26 0.554.40+ 225 2 239 2.364.20 2.01 2.93 1.75 2.47 2.07 3.60F 2.69 2.79 334 - 1.76 2.64 2.68 2.2 4.45 3.50" 1.97 3.47 430" 1.48
OH[3.28 2.4 0.383.7% 2.77 3.25 2.72 2.73 2.53 2.23 2.45 5.88 2.14 2563.70+1.822.49 3.05 1.86 - 2.253.11253 245 2.38 2.36 2.76 3.24 1.39
OK|[3.11 1.32 0.94 3.87* 3.43 1.6 2.78 2.27 2.81 2.44 3.35% 2.27 1.56 419 2.981.882.82 251 1.68 216 - 2.753.12 2.38 1.5 3.50* 4.09 3.25 1.13
OR|2.18 154 101 23 173 141 2 259 233 222 1.52 155 24 257 147166238 201 22 149 242 - 156 2.26 1.53 1.66 1.43 1.88 1.65
SC|3.94* 3.33 0.22 453 3.11 2.15 2.96 3.24 2.99 3.21 4.01* 3.12 2.733.76454 196 3 249 25 297356258 - 2.63 2.384.1% 236 3.1 1.93
SD|3.19 2.88 1.134.62 2.39 1.81 2.66 1.84 4.84 2.77 2.08 3.16 3.91F 2553.77 2.3 2.72 3.19 446" 3.01 245272234 - 454 2.08 3.994.75 1.24
TN|1.58 2.53 3.50* 3.11 1.95 3.08 2.12 3.14 497 2.97 3.28 2.4 342 256 3.283.143.06 2.67 3.21 2.24 157168 24 344 - 214 2.09 2.92 3.32
TX]2.71 2.75 0.25 3.7 257 1.56 3.39* 1.59 2.22 2.2 2.88 2.72 1.923.86° 3.091.721.74 25 192 25 3.58 2.483.52 2.09 1.89 - 3.64 2.17 1.8
VA

WA|3.144.28 0.67 3.32 2.3 1.79 2.75 1.853.53 3.2 3.74 3.13 4.26° 4.26" 4.41* 2.873.66* 2.63 3.2 2.92 449 2.26 2.16 3.92 2.17 4.16" - 331195
WI12.39 2.43 0.06 2.43 2.69 1.86 1.66 1.47 5.04 3.92 3.54 1.84 2.753.58 548 275 2.1 3.04 2.65 1.78 2.321.942.72 452 2.99 2.19 3.18 - 266
WY|3.11 2.31 1.24 3.81* 2.193.97* 25 1.31 2.81 1.66 1.68 251 3.18 2.05 2.81 258 1.8 3.72 2.66 2.24 2.37 259 1.69 1.68 3.8 2.04 2.28 253 -

* = significant at the 5% level; ttical value at the 5% level 3.34 at the 2.5% level = 3.64t the 1% level 8.96 Missing statistics are due to missing or insufficient data.
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Table3.32: PairWise PhillipsPerron Cointegration Test Statistics of BB} (201213)

ST|AL AR CO FL GA ID IL IN IA KS KY LA MI MN MO MS MT NE NC ND OH OK OR SC SD TN TX VA WA WI WY
AL| - 2.920.643.62 3.25 2.32 3.55 3.61* 2.93 2.95 3.38" 3.79° 259 2.87 3.54 2.59 3.45 2.99 242368 29 24 3.19 2.56 2.09 3.56 2.67 2.99 2.23
AR|3.11 - 021319 25 208 294 229 295 3.21 24 2.69 2.23 342 4.68 2.62 2.99 2.94 2.98 2.52 259 2.25 2.44 3.03 2.02 3.03 3.80* 3.96° 2.03
COJ2.01 1.01 - 1.89 0.86 2.06 1.14 0.66 0.34 0.23 0.63 16 1.22 1.11 2.17 1.74 0.61 2.28 0.05 1.46 0.41 2.08 0.73 0.64 2.18 1.46 1.48 2.03 0.91
FL |3.67 3.020.69 - 3.33 2.64 3.83 4.19 3.58" 3.49% 3.34 3.84 2.98 2.98 4.66° 2.79 3.99° 3.18 3.54 3.73 3.04 2.24 3.25 3.39* 3.04 3.25 2.76 3.8% 2.77
GA|[3.64 2.74 0.093.65 - 1.85 3.18 3.17 2.63 2.8 3.50 3.32 224 29 3.9T 2.01 292 2.61 2.33 3.21 2.92 2.47 4.98 2.43 2.04 3.37 2.66 3.04 1.79
ID |2.88 2.532.153.06 2.08 - 195 287 25 226 3.09 3.87 2.22 2.49 312 2.35 2.254.08 2.723.78 2.28 2.13 1.84 2.33 2.32 2.33 2.04 2.54 3.02
IL [3.80% 3.03 0.094.07* 3.06 1.79 - 2.78 3.65 3.12 3.71* 3.16 2.44 3.18 4.49° 2.28 3.66° 2.76 3.14 2.99 2.76 2.23 2.87 3.23 2.29 3.5% 2.93 3.56° 1.86
IN [3.94 2.53 0.434.47* 3.15 2.68 29 - 2.68 2.54 3.60* 4000 1.8 2.58 4.8 2.15 2.76 3.14 2.78 3.76° 2.43 2.65 2.87 2.64 3.35° 2.79 291367 1.6
IA |3.29 3.111.023.88 2.56 2.223.72 2.63 - 291 3.17 3.09 1.19 2.825.11 2.624.17 3.053.43 2.92 2.34 2.35 2.44 3.56° 3.02 3.21 3.77 531 1.72
KS|3.33 3.41 1.533.84 2.8 2.03 3.25 257 296 - 3.13 2.87 1.19 3.1 5.40* 231 2.8 3.02 3.16 2.69 2.52 2.41 2.69 3.18 2.51 3.41* 3.81* 4.23 1.61
KY |3.66° 2.53 0.643.58 3.41* 2.68 3.72 3.52* 3.12 3.01 - 2.93 1.86 2.97 5.01* 1.88 2.97 3.21 2.88 2.79 3.36* 2.52 3.32 2.87 25 3.24 3.47 3.75 1.67
LA

Ml [3.73 2.49 0.353.7% 2.9 3.32 2.86 3.59 2.69 242 2.6 - 235258375 2 266 2.89 2.825.82 247 3.38 2.69 2.55 247 2.58 2.82 3.33 1.79
MN|2.83 2.26 0.13 3.19 1.97 1.92 2.38 1.55 1.02 0.85 1.74 255 - 193417 317 18 296 27 235099 22 19 223 2.78 2.34 3.74 4.46° 2.02
MO|3.05 3.39 0.25 3.11 2.64 1.98 3.07 2.31 2.63 2.86 2.83 275 183 - 4.18 251 2.81 2.82 2.67 2.59 3.05 2.32 2,55 2.81 1.81 3.36 3.89 3.62 1.85
MS|3.55 4.47 1.034.64* 3.55 2.89 4.24 4.48 4.78 5.04 4.76 3.76°3.92 400 - 333494377 447 3.62 3.62 2.43 3.65 4.7% 3.3 4.22 3.55° 5.10* 3.37
MT|2.91 277 1.26 3.1 1.89 2.09 2.35 2.13 2.62 2.26 1.97 237 3.26 2.713.67 - 243 3.15 3.24 2.24 2.09 2.28 1.78 2.73 2.42 251 2.68 3.33 2.91
NE|[3.69* 3.09 0.7 4.23* 2.81 1.97 3.68 2.67 4.1I* 2.68 2.97 2.98 191 2945.21 236 - 2.853.88 2.76 2.33 2.45 258 3.77* 3.26 3.01 4.06- 4.97 1.58
NC|[3.17 2.94 1.69 3.34 2.36 4.00* 2.66 2.96 2.89 2.8 3.12 3.06 294 285395 3 274 - 3.17 297 2.49 2.37 2.33 2.98 2.34 2.76 2.57 3.27 3.54
ND|2.96 3.23 1.2 3.95 2.39 2.65 3.32 2.86 3.53 3.2 3.04 3.31 2.98 2.97 4.8% 341 4.0 345 - 3.21 2.36 2.44 2.3 3.7I* 2.96 3.16 3.59 4.96° 2.17
OH[3.67 2.39 0.253.74 2.85 3.3 2.74341 259 23 253 589 2.24 248 3.67 195 251 2.87 278 - 235 3.26 2.63 25 239 247 273 322 17
OK|[3.27 2.76 0.91 3.34 2.87 1.85 2.84 2.39 236 2.45 3.4 2.88 1.18 3.233.96* 2.06 24 2.66 224 2.7 - 254 271 2.43 1.59 3.40 3.8% 3.09 142
OR|2.38 1.940.76 2.11 1.86 1.18 1.78 2.12 1.84 1.81 2.07 3.3 1.87 2.06 2.36 1.77 2.01 2.05 1.78 3.12 2.03 - 1.65 1.74 1.67 2.12 151 1.96 1.43
SC[3.62F 2.73 0.093.61* 501* 1.73 3.03 2.93 2.56 2.73 3.45 3.16 2.24 2.86 4.04 1.97 2.75 263 2.3 3.04 281 235 - 239 2.2 340 2.55 3.06 1.77
SD| 3.1 331 2 3.82 252 2.26 3.43 2.74 3.68 3.25 3.07 3.1 254 313522 2.923.93 3.293.73 299 257 244 243 - 2.88 3.29 3.74 5.01* 1.67
TN|2.28 2.09 1.99 3.08 2.08 1.91 2.14 3.19 2.94 2.46 2.63 242 269 197 332 223 3.17 193 28 229 1.7 177 223 274 - 216 221 28 211
TX|3.63 2.88 0.07 3.28 3.06 1.75 3.32 2.42 292 3.07 3 2.64 2.13 3.25 430" 2.16 2.76 2.61 2.75 2.46 3.12 2.27 3.05 2.87 1.85 - 3.29 3.22 1.84
VA -

WA([2.94 3.82 0.63 2.97 2.47 1.6 2.89 2.75 3.66" 3.65 3.41 3.06 3.73F 3.94 3.77 2.59 3.99 2.64 3.37 291 3.79 1.97 2.3 3.50° 2.33 3.45* - 336 2

WI]3.013.76° 0.9 391 2.6 2.23 3.29 3.3 5.02 3.86" 3.48 3.35° 4.25 345 5.16 3.04 4.71* 3.1 4.58 3.17 2.69 2.05 2.57 4.62* 2.88 3.17 314 - 274
WY|[2.83 2.450.633.29 1.96 3.06 2.21 1.88 2.01 1.82 2.03 245 241 235397 3.1 1.953.85 222 2.28 1.76 2.27 1.88 1.75 2.42 2.46 2.36 3.26 -

* = significant at the 5% level; ttical value at the 5% level 8.34,at the 2.5% level 3.64,at the 1% level 3.96 Missing statistics are due to missing or insufficient data.
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Table3.33: Johasen Cointegration Rank Test Trace Statistics &.80(201213)

ST|AL AR CO FL GA ID IL IN 1A KS KY LA MI MN MO MS MT NE NC ND OH OK OR SC SD TN TX VA WA WI WYy
AL| - 13.9110.8£18.7720.55 16.26 18.8 18.06 14.03 13.51 15.03 14.7 13.7€ 1521 18.69 12.33 17.4 17.1712.5414.57 14.26 15.5 19.72 13.22 14.27 16.92 14.8 15.31 11.78
AR[13.91 - 9.56 16.35 15.05 10.39 14.6 7.72 8.69 12.53 11.21 15.6812.25 10.02 19.06 13.14 8.63 21.56¢* 8.93 16.63 7.85 7.68 20.3% 12.11 6.67 19.92 15.66 11.67 1131
CO|10.85 956 - 7.92 1291 7.82 9.36 12.18 10.06 12.73 7.86 9.52 11.81 9.1 8.88 8.49 10.25 9.13 9.61 9.09 9.8 11.4€10.84 129 7.43 8.78 9.75 11.29 8.41
FL|18.77 16.35 7.92 - 21.20- 17.4825.1F 30.70° 22.54 22.36° 16.19 11.6112.1118.7335.41 15.2 22.16 24.36 17.432 11.29 15.3113.3€ 19.66 19.17 8.65 18.57 15.5523.82 11.99
GA[20.55 15.0512.9121.20 - 5.86 21.20- 12.42 12.38 13.5121.20 11.84 9.13 17.7526.96¢° 10.59 11.12 15.85 8.86 12.4121.41 11.3€ 14.15 11.41 8.98 25.26 13.9420.79* 8.09
ID |16.26 10.39 7.82 17.48 586 - 9.47 18.58 11.48 8.72 20.18& 15.33 9.99 10.82 12.39 12.28 10.55 11.1111.1£16.44 9.97 10.7z2 8 9.91 17.68 11.2 11.07 11.82 14.26
IL|18.8 14.6 9.3625.11*21.20- 9.47 - 13.72 12.96 14.96 13.88 13.4311.7€ 13.27 19.49 11.04 15.49 17.13 9.99 14.12 14.4813.8413.65 11.86 7.37 10.14 16.02 10.42 11.16
IN |18.06 7.72 12.1€30.70- 12.42 18.58 13.72 - 11.62 9.44 11.39 1582 7.2 85 9.96 10.74 8.87 17.14 9.51 16.71 9.39 12.4711.94 9.75 18.11 8.29 10.75 14.34 8.99
IA114.03 8.69 10.0€22.54 12.38 11.48 12.96 11.62 - 20.06° 13.51 10.9312.92 11.36 19.12 14.69 21.8% 23.28 15.4 11.12 12.5313.4€ 11.7520.93 17.44 9.67 149 12.19 9.86
KS|13.51 12.5312.7522.36¢° 13.51 8.72 14.96 9.44 20.060 - 14.47 9.52 8.89 10.2821.29 13.37 17.8722.05 9.74 9.68 9.28 13.1213.33 15.18 8.24 10.18 16.56 18.88 7.61
KY[15.03 11.21 7.86 16.1921.20- 20.18 13.88 11.39 13.51 14.47 - 14.63 8.56 16.0721.7¢° 8.29 15.1120.74 9.56 15.9 16.71 8.3420.05 10.6 14.46 12.58 17.33 11.81 10.6
LA

MI| 14.7 15.68 9.52 11.61 11.84 15.33 13.43 15.82 10.93 9.52 14.63 - 8.1 17.87 17.13 10.14 15.66 20.34 9.56 22.60- 13.6213.84 10.65 10.93 12.7 11.79 9.39 13.99 9.58
MN|13.76 12.2311.8112.11 9.13 9.99 11.76 7.2 1292 8.89 8.56 8.1 - 11.04 14.78 17.47 12.45 15.1612.3€ 8.18 7.65 11.32 8.79 16.5 8.29 11.19 19.69 17.94 10.49
MOJ|15.21 10.02 9.1 18.73 17.75 10.82 13.27 8.5 11.36 10.28 16.07 17.8711.04 - 17.31 13.12 18.2122.20- 10.1€ 18.88 18.78 14.9¢ 17.83 12.63 16.06 14.96 32.58 12.51 10.9
MS]18.69 19.06 8.88 35.41 26.96 12.39 19.49 9.96 19.1221.29 21.76 17.1314.7€¢ 17.31 - 21.32 19.2923.35°17.6411.06 15.1 14.22 17.38 19.52 20.46* 15.76 23.14 31.29 22.61
MT|12.33 13.14 8.49 15.2 10.59 12.28 11.04 10.74 14.69 13.37 8.29 10.1417.4713.1221.3> - 1593 14.1414.2€ 10.55 14.3512.67 10.07 13.56 7.96 13.67 14.91 14.25 11.93
NE| 17.4 8.63 10.2£22.1¢° 11.12 10.55 15.49 8.87 21.8% 17.87 15.11 15.6612.4£ 18.21 19.29 15.93 - 16.0718.17 10.11 12.79 12.6Z 10.4525.22 9.22 9.01 17.5622.04 8.61
NC|17.17 21.56° 9.13 24.36° 15.85 11.11 17.13 17.14 23.28 22.05*20.74 20.34 15.1€22.20- 23.35 14.14 16.07 - 17.0421.40 18.6815.97 14.65 15.17 19.53 17.82 12.68 13.06 21.22
ND[12.54 8.93 9.61 17.43 8.86 11.15 9.99 9.51 154 9.74 9.56 9.56 12.3€10.18 17.64 14.28 18.17 17.04 - 9.58 7.99 125 851 17.04 8.99 8.35 16.83 18.54 9.03
OH|14.57 16.63 9.09 11.29 12.41 16.44 14.12 16.71 11.12 9.68 15.9 22.60- 8.18 18.88 11.06 10.55 10.1121.40- 9.58 - 14.5213.0111.25 11.11 12.71 12.59 9.76 14.76 9.6
OK|14.26 7.85 9.8 15.3121.41 9.97 14.48 9.39 1253 9.28 16.71 13.62 7.65 18.78 15.1 14.35 12.79 18.68 7.99 1452 - 12.5£19.54 11.73 10.44 19.13 26.88 14.81 7.94
OR[ 15,5 7.68 11.4€13.36 11.36 10.72 13.84 12.47 13.46 13.13 8.34 13.8411.32 14.96 14.22 12.67 12.62 15.97 12,5 13.01 12.55 - 10.44 13.13 8.31 8.28 10.8 14.57 11.41
SC|19.7220.3% 10.84 19.66 14.15 8 13.65 11.94 11.75 13.3320.05 10.65 8.79 17.83 17.38 10.07 10.45 14.65 8.51 11.5 19.5410.44 - 10.31 9.47 24.52% 12.46 12.41 7.34
SD|13.22 12.11 12.9 19.17 11.41 9.91 11.86 9.75 20.93 15.18 10.6 10.93 16.5 12.63 19.52 13.56 25.2> 15.1717.0411.11 11.7313.1210.31 - 10.09 12.28 19.23 18.19 12.34
TN|[14.27 6.67 7.43 8.65 8.98 17.68 7.37 18.11 17.44 8.24 14.46 12.7 8.29 16.0620.46° 7.96 9.22 19.53 8.99 12.71 10.44 8.31 9.47 10.09 - 8.22 11.25 8.89 9.78
TX]16.92 19.92 8.78 18.57 25.26° 11.2 10.14 8.29 9.67 10.18 12.58 11.7911.1€ 14.96 15.76 13.67 9.01 17.82 8.35 12.59 19.13 8.28 24.52 12.28 8.22 - 2207 10 9.59
VA

WA| 14.8 15.66 9.75 15.55 13.94 11.07 16.02 10.75 14.9 16.56 17.33 9.39 19.6€32.58 23.14 14.91 17.56 12.6816.82 9.76 26.88 10.8 12.46 19.23 11.2522.07% - 1851 9.53
WI 1531 11.6711.2€23.82 20.79 11.82 10.42 14.34 12.19 18.88 11.81 13.9917.9412.51 31.2% 14.2522.04 13.0618.54 14.76 14.8114.57 12.41 18.19 8.89 10 1851 - 1575
WY|11.78 11.31 8.41 11.99 8.09 14.26 11.16 8.99 9.86 7.61 10.6 9.58 10.4¢ 10.9 22.61* 11.93 8.61 21.22 9.03 9.6 7.94 11.41 7.34 12.34 9.78 9.59 9.53 15.75 -

* = significant at the 5% level; d¢ital value at the 5% level £9.99;Missing statistics are due to missing or insufficient data.
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Table3.34: Johasen Cointegration RanksT®ax Statistics of EQB(9) (201213)

ST|AL AR CO FL GA ID IL IN 1A KS KY LA MI MN MO MS MT NE NC ND OH OK OR SC sSD TN TX VA WA WI WY
AL| - 9.11 8.11 12.47 15.02 12.83 11.56 10.88 8.66 7.9 10.09 9.3 9.29 9.21 1232 7.28 9.66 12.2 8.66 8.44 8.72 10.0¢14.99 8.87 11.85 11.1 10.11 9.08 7.7
AR|9.11 - 7.25 12.08 10.19 7.62 8.71 5.46 5.26 9.51 8.62 11.84 7.6 6.6 14.39 857 557 16.7% 6.42 1252 4.49 5831571 7.12 5.26 13.24 11.31 6.18 8.59
co|8.11 7.25 - 48 104 471 591 791 7.5 10.59 5.36 8.01 9.29 655 596 6.68 8.09 565 7.09 7.57 7.48 9.42 841 9.97 592 6.51 6.59 7.2 6.19
FL [12.4712.08 4.8 - 17.83 14.6222.22 28.01* 19.22 18.94 12.27 9.7 9.75 14.5730.2Z 11.7317.34 21.30- 14.62 9.04 10.65 8.24 16.55 16.17 5.08 12.69 11.1820.1% 8.75
GA[15.02 10.19 10.417.83 - 3.87 14.67 8.77 8.04 89 16.44 7.57 6.57 12.4221.2&4 595 7.38 11.79 4.89 7.73 15.68 7.79 9.26 6.18 5.86 19.76 8.8 15.70 4.98
ID |12.8% 7.62 4.71 14.62 3.87 - 6.63 15.84 8.03 5.89 17.3¢ 12.05 6.81 8.16 9.27 9.17 7.72 7.95 7.18 13.36 7.71 8.06 5.96 6.18 16.13 8.57 8.18 8.41 10.97
IL |11.5€ 8.71 5.9122.22 14.67 6.63 - 9.51 8.05 9.81 10.94 9.05 859 7.07 13.11 6.61 9.33 11.95 593 9.75 8.37 10.0¢ 8.91 7.13 455 6.11 10.65 8.37 7.36
IN |10.8¢ 5.46 7.9128.0r 8.77 15.84 9.51 - 751 527 75 89 6.11 541 6.7 818 6.1 1381 499 991 572 7.16 7.88 6.05 15.11 6.19 7.06 12.74 5.32
IA]8.66 526 7.5 19.22 8.04 803 805 751 - 1569 9.17 734 6.89 652 14 9.6 13.4717.72 12.08 7.41 6.92 9.23 7.3 17.37 15.% 6.25 9.96 7.77 7.52
KS| 7.9 9.51 10.5€18.94 8.9 589 9.81 5.27 15.6% - 9.51 59 7.13 6.06 16.97 853 134 16.76¢ 561 59 6.51 9.21 854 10.22 569 7 11.07 14.27 5.6
KY [10.0¢ 8.62 5.36 12.2716.44 17.30- 1094 7.5 9.17 951 - 8.48 6.74 12.9917.13* 459 9.86 16.22 4.92 9.16 9.98 6.13 1559 5.86 11.34 9.17 12.23 8.43 7.76
LA

MI] 9.3 11.84 801 9.7 7.57 12.05 9.05 89 7.34 59 848 - 6.17 13.6 10.75 6.36 11.29 15.44 5.41 18.49 9.02 10.6% 6.64 6.25 8.97 8.54 548 10.07 6.54
MN|9.29 7.6 9.29 9.75 6.57 6.81 859 6.11 6.89 7.13 6.74 6.17 - 6.61 10.17 1235 7.75 9.97 103 6.18 532 7.6 595 11.7 6.8 7.52 14.49 11.55 6.97
MOJ|9.21 6.6 6.55 14.57 12.42 8.16 7.07 541 6.52 6.06 12.99 13.6 6.61 - 1232 85 11.481726* 7.52 14.32 14.62 9.81 12 8.98 13.25 10.09 26.67 7.61 8.37
MS|12.32 14.39 5.96 30.22 21.24 9.27 13.11 6.7 14 16.9717.13 10.7510.1712.32 - 16.32 14.1218.65 13.21 5.86 10.03 7.92 12.63 14.88 15.74 10.95 18.10F 24.59 17.30
MT|7.28 857 6.68 11.73 595 9.17 6.61 8.18 9.6 853 4.59 6.36 12.3¢ 85 16.32 - 10.96 9.79 9.75 6.64 9.17 8.18 591 8.69 6.39 9.11 10.47 9.88 7.1
NE|9.66 5.57 8.0917.34 7.38 7.72 9.33 6.1 13.47 13.4 9.86 11.29 7.75 11.48 14.12 10.96 - 11.6 14.01 6.96 6.66 8.38 6.69 20.13 6.64 6.57 12.0915.84 6.97
NC|12.216.75 5.6521.30- 11.79 7.95 11.95 13.8117.72 16.76 16.22 15.44 9.9717.26:18.65 9.79 11.6 - 12.7116.2% 13.5111.3110.79 10.6218.06° 13.03 9.12 9.43 15.54
ND[8.66 6.42 7.09 14.62 4.89 7.18 5.93 4.99 12.08 5.61 4.92 5.41 10.3 7.52 13.21 9.75 14.01 12.71 - 539 537 8.8 4.44 12.33 8.18 6.04 12.5215.76° 5.32
OH|8.44 1252 7.57 9.04 7.73 13.36 9.75 991 7.41 59 9.16 18.4% 6.18 14.32 586 6.64 6.96 16.2F 539 - 9.86 9.6 6.98 6.27 9.15 9.27 54 10.59 6.44
OK|8.72 4.49 7.48 10.6515.68 7.71 8.37 5.72 6.92 6.51 9.98 9.02 5.32 14.62 10.03 9.17 6.66 13.51 537 9.86 - 7.76 14.31 7.56 7.63 13.03 21.09 8.95 6.14
OR[10.02 5.83 9.42 824 7.79 8.06 10.06 7.16 9.23 9.21 6.13 1063 7.6 9.81 792 818 838 11.31 88 96 7.76 - 7.7 9.44 471 6.27 8.31 10.83 9.06
SC|14.9€15.7F 8.4116.55 9.26 596 891 7.88 7.3 8.54 1559 6.64 595 12 12.63 591 6.69 10.79 4.44 6.98 1431 7.7 - 5.38 6.24 19.87 7.66 8.25 4.68
SD|8.87 7.12 9.9716.17 6.18 6.18 7.13 6.05 17.37 10.22 5.86 6.25 11.7 8.98 14.88 8.69 20.13 10.62 12.33 6.27 7.56 9.44 538 - 9 837 14.83 15.31 9.01
TN[11.8% 5.26 5.92 5.08 5.86 16.13 4.55 15.11 15.55 5.69 11.34 8.97 6.8 13.2515.74 6.39 6.64 18.06* 8.18 9.15 7.63 4.71 6.24 9 - 6.74 8.27 5.86 8.64
TX[11.1 13.24 6.51 12.6919.76¢ 857 6.11 6.19 6.25 7 9.17 8.54 7.52 10.09 10.95 9.11 6.57 13.03 6.04 9.27 13.03 6.2719.87* 8.37 6.74 - 16.78 6.71 7.37
VA

WA|10.1111.31 6.59 11.18 8.8 8.18 10.65 7.06 9.96 11.07 12.23 5.48 14.4€26.67 18.10- 10.47 12.09 9.12 1252 54 21.09 8.31 7.66 14.83 8.27 16.78& - 1424 593
WI]9.08 6.18 7.2 20.19 15.70* 8.41 8.37 12.74 7.77 14.27 8.43 10.0711.58 7.61 2459 9.88 15.84 9.43 15.76° 10.59 8.95 10.8Z 8.5 15.31 5.86 6.71 1424 - 10.65
WY| 7.7 859 6.19 8.75 498 1097 7.36 532 752 56 7.76 6.54 6.97 8.37 17.30- 7.1 6.97 1554 532 6.44 6.14 9.06 4.68 9.01 8.64 7.37 5.93 10.65 -

* = significant at the 5% level; d¢ital value at the 5% level £5.67;Missing statistics are due to missing or insufficient data.
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Table3.35: Percentages of Statistically Significant Cointegration between State and PADD States across Time

Period 1 (20082009)

Period 2 (201@011)

Period 3 (2012013)

All Periods (20082013)

PD ST |PD1 PD2 PD3 PD4 PDS Tot. PD1 PD2 PD3 PD4 PD5 Tot. PD1 PD2 PD3 PD4 PD5 Tot. PD1 PD2 PD3 PD4 PD5 Tot.
3 AL |25% 0% 42% 0% 0% 10% 0% 4% 50% 19% 25% 13% 10% 16% 25% 0% 0% 13% 11% 7% 40% 6% 8% 12%
3 AR|0% 0% 50% 0% 0% 6% 0% 0% 13% 38% 88% 13% 20% 5% 8% 0% 25% 9% 6% 2% 23% 13% 38% 9%
4 CO[0% 2% 13% 0% 0% 3% 79% 34% 65% 25% 63% 49% 0% 2% 0% 0% 0% 1% 30% 13% 29% 8% 21% 19%
1 FL| 0% 6% 19% 0% 25% 8% 5% 7% 30% 19% 25% 13% 50% 54% 44% 0% 0% 40% 17% 23% 31% 6% 17% 21%
1 GA|38% 46% 0% 25% 75% 37% 60% 61% 0% 44% 88% 50% 31% 20% 56% 0% 0% 22% 44% 42% 17% 23% 54% 37%
4 ID[0% 0% 0% 0% 0% 0% 4% 2% 0% 0% 0% 2% 25% 13% 13% 8% 0% 13% 9% 5% 4% 3% 0% 5%
2 IL |45% 50% 0% 25% 88% 40% 67% 46% 10% 31% 88% 45% 25% 12% 31% 0% 0% 14% 47% 35% 13% 19% 58% 33%
2 IN |20% 36% 0% 0% 63% 24% 71% 62% 20% 25% 75% 53% 25% 10% 19% 0% 0% 12% 41% 36% 13% 8% 46% 30%
2 1A 0% 23% 0% 0% 100% 17% 63% 46% 10% 19% 50% 40% 35% 25% 13% 0% 25% 21% 34% 32% 8% 6% 58% 27%
2 KS|0% 7% 13% 0% 63% 10% 67% 33% 10% 25% 75% 38% 30% 15% 38% 0% 25% 20% 34% 19% 19% 8% 54% 23%
2 Ky | - - - - - - 83% 42% 40% 31% 63% 50% 55% 17% 38% 6% 13% 25% 70% 30% 39% 19% 38% 38%
3 LA|10% 0% 25% 0% 0% 5% 8% 5% 50% 19% 13% 14% - - - - - - 9% 3% 39% 9% 6% 10%
2 M - - - - - - 67% 52% 20% 25% 50% 46% 15% 13% 25% 0% 13% 13% 43% 33% 22% 13% 31% 30%
2 MN|35% 45% 6% 13% 63% 34% 50% 25% 5% 13% 38% 26% 10% 4% 6% 0% 25% 6% 33% 24% 6% 8% 42% 22%
2 MO |50% 30% 0% 13% 100% 32% 50% 25% 0% 31% 88% 31% 15% 6% 31% 0% 50% 13% 39% 20% 10% 15% 79% 25%
3 MS| - - - - - - 33% 50% 50% 31% 63% 45% 85% 50% 42% 38% 50% 54% 57% 50% 46% 34% 56% 49%
4 MT [15% 17% 13% 33% 38% 19% 88% 57% 30% 25% 63% 56% 10% 0% 25% 0% 0% 5% 41% 25% 23% 19% 33% 28%
2 NE |40% 27% 0% 6% 63% 25% 42% 31% 10% 0% 38% 26% 20% 21% 25% 0% 25% 19% 34% 26% 12% 2% 42% 23%
1 NC|38% 23% 0% 6% 63% 22% 30% 66% 0% 50% 88% 48% 31% 36% 50% 31% 0% 34% 33% 43% 15% 29% 50% 35%
2 ND|20% 43% 0% 6% 100% 31% 58% 35% 10% 25% 50% 35% 25% 15% 13% 6% 25% 16% 36% 30% 8% 13% 58% 27%
2 OH|55% 77% 0% 6% 75% 50% 71% 52% 20% 25% 50% 47% 20% 10% 19% 0% 0% 11% 50% 45% 13% 10% 42% 36%
2 OK|60% 48% 0% 31% 100% 44% 42% 17% 0% 13% 88% 23% 20% 6% 19% 0% 50% 13% 41% 22% 6% 15% 79% 26%
5 OR|45% 79% 0% 13% 100% 51% 88% 64% 45% 31% 0% 59% 0% 0% 0% 0% 0% 0% 47% 46% 17% 15% 33% 37%
1 SC|44% 52% 0% 19% 75% 39% 60% 86% 0% 50% 88% 63% 25% 9% 63% 0% 0% 17% 44% 49% 19% 23% 54% 40%
2 SD| 0% 16% 0% 6% 25% 10% 42% 31% 10% 13% 38% 28% 20% 23% 13% 0% 25% 18% 22% 24% 8% 6% 29% 19%
1 TN - - - - - - 80% 64% 0% 44% 88% 55% 6% 5% 13% 13% 0% 7% 47% 35% 6% 28% 44% 32%
3 TX|0% 8% 0% 31% 25% 11% 4% 2% 0% 25% 50% 8% 30% 5% 17% 0% 38% 13% 11% 5% 5% 19% 38% 10%
1 VA|0% 2% 25% 0% 0% 5% 55% 79% 25% 56% 100% 64% - - - - - - 31% 43% 25% 28% 50% 37%
5 WA |50% 69% 13% 19% 100% 50% 71% 63% 60% 44% 25% 60% 0% 38% 63% 0% 0% 28% 42% 56% 46% 21% 42% 46%
2 WI| 0% 25% 13% 31% 38% 20% 79% 69% 10% 38% 75% 58% 25% 33% 31% 0% 0% 24% 38% 43% 17% 23% 38% 35%
4 WY [25% 25% 6% 33% 25% 23% 8% 5% 20% 0% 25% 9% 20% 0% 13% 8% 0% 6% 17% 9% 13% 14% 17% 13%
PD Tot. ] 23% 28% 8% 12% 50% 23% 49% 39% 19% 27% 58% 38% 23% 16% 26% 4% 14% 17% 34% 28% 18% 15% 41% 27%

PD=PADD; ST= State; Tot= Total.
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Table3.36: Percentages of Statistically Significant Gegration between PADDs across Time

Period 1 (20082009)
Dependent PADDs

Period 2 (201€2011)
Dependent PADDs

Period 3 (2012013)
Dependent PADDs

All Periods (2008013)
Dependent PADDs

PD1 PD2 PD3 PD4 PD5 PD1 PD2 PD3 PD4 PD5 PD1 PD2 PD3 PD4 PD5 PD1 PD2 PD3 PD4 PD5
PD1|24% 26% 9% 10% 48% 48% 60% 9% 44% 79% 29% 25% 45% 9% 0% 36% 39% 19% 22% 45%
PD2|27% 36% 3% 11% 73% 61% 40% 13% 22% 62% 24% 15% 23% 1% 20% 39% 30% 13% 12% 50%
PD3| 9% 2% 29% 8% 6% 9% 12% 33% 26% 48% 36% 19% 23% 9% 28% 17% 12% 29% 15% 29%
PD4110% 11% 8% 17% 16% 45% 25% 29% 13% 38% 14% 4% 13% 4% 0% 24% 13% 17% 11% 18%
PD5|48% 74% 6% 16% 100% 79% 63% 53% 38% 13% 0% 19% 31% 0% 0% 45% 51% 32% 18% 38%
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Table3.37: Approximate Driving Distance (miles) between Terminals Using Average Coordinates

AL AR CO FL GA ID IL IN IA KS KY LA Ml MN

MO MS MT NE NC ND OH OK OR SC SD TN TX VA WA WI WY

0 479 1368 558 269 2061 654 549 887 810 377 408 798 1077
479 0 862 1056 691 1666 529 591 559 386 420 313 916 777
1368 862 0 18421462 817 978 1067 723 484 1023 980 1268 899

549 87 1885 964 620 1397 648 713 2496 346 1179 200 756 763 2376 951 1457
280 432 1508 600 1018 1025 796 236 2101 768 802 420 485 11541999 815 1062
798 1290 727 456 1704 850 1271 642 12511553 592 1289 721 1763 1218 1045 212

558 10561842 0 453 26051096 992 13851397 820 903 1183 1597 1120 630 2429 1509 582 1913 995 1289 3039 403 1724 555 1251 754 2921 1394 2001

269 691 1462 453 0 2226 717 613 1006 1018 440 668 768 1218

740 347 20501129 372 1533 618 924 2661 98 1344 176 1017 516 254210151622

2061 1666 817 26052226 0O 1687 1830 1413 1288 1788 1799 1963 1431 1570 2019 535 1143 2470 1180 1968 1446 438 2323 1180 2059 1445 2528 371 1657 634

654 529 978 1096 717 1687 O 157 351 534 279 717 397 510
549 591 1067 992 613 1830 157 0 499 623 286 774 331 626
887 559 723 138510061413 351 499 0 404 566 783 627 220
810 386 484 139710181288 534 623 404 0 578 587 921 622
377 420 1023 820 440 1788 279 286 566 578 0O 530 598 779
408 313 980 903 668 1799 717 774 783 587 530 0O 11081001
798 916 1268 1183 768 1963 397 331 627 921 598 1108 0 723
1077 777 899 1597 1218 1431 510 626 220 622 779 1001 723 O

549 280 798 1120 740 1570 290 352 352 342 301 520 676 570
87 432 1290 630 347 2019 613 551 839 761 308 352 860 1048

290 613 1420 558 827 826 351 623 2118 809 715 545 932 885 1911 307 1079
352 551 1567 705 686 942 210 685 2264 657 861 440 995 745 2058 423 1226
352 839 1077 288 1168 540 634 559 18471097 371 833 869 1227 1568 325 808
342 761 1198 222 1260 758 826 197 17221109 474 845 508 13191689 726 683
301 308 1611 690 704 1094 448 542 2222 530 905 266 797 839 2102 575 1183
520 352 170 770 1019 1250 963 407 2202 745 1027 599 351 1160 21951004 1194
676 860 1683 833 738 1039 180 10102392 811 977 644 1317 733 2195 520 1353
570 1048 971 423 1282 327 731 777 1768 1309 296 1045 1085 1328 1483 237 921
0 501 1387 466 982 905 555 375 1998 831 681 567 684 10411879 576 959
501 0 1837 916 698 1354 707 665 2447 424 1131 278 681 841 2327 904 1408

18851508 727 2429 2050 535 1420 1567 1077 1198 1611 1703 1683 971 1387 1837 0 941 2241 721 1691 1356 820 2141 753 1877 1445 2288 535 1198 572

964 600 456 150911291143 558 705 288 222 690 770 833 423
620 10181704 582 372 2470 827 686 1168 1260 704 1019 738 1282
1397 1025 850 1913 15331180 826 942 540 758 1094 1250 1039 327
648 796 1271 995 618 1968 351 210 634 826 448 963 180 731
713 236 642 1289 924 1446 623 685 559 197 542 407 1010 777

466 916 941 O 1371 506 841 380 15781220 262 956 690 1430 1432 610 539
982 698 22411371 0 1597 559 12502904 281 1529 502 1367 174 2753 1078 1865
905 1354 721 506 1597 0 1046 946 1517 1642 251 1360 1256 1644 1232 553 795
555 707 1691 841 559 1046 0 889 2410 632 98 492 1197 618 2202 527 1363
375 665 1356 380 1250 946 889 0 18801001 632 809 340 13751847 881 841

2496 2101 1251 3039 2661 438 2118 2264 1847 1722 2222 2202 2392 1768 1998 2447 820 1578 2904 1517 24101880 0 2757 1529 2493 1875 2968 334 1994 1064

346 768 1553 403 98 2323 809 657 10971109 530 745 811 1309
1179 802 592 172413441180 715 861 371 474 905 1027 977 296
200 420 1289 555 176 2059 545 440 833 845 266 599 644 1045
756 485 721 12511017 1445 932 995 869 508 797 351 1317 1085

831 424 21411220 281 1642 632 10012757 0 1435 267 1093 452 2633 1106 1712
681 1131 753 262 1529 251 985 632 15291435 0 1171 942 15821244 519 619
567 278 1877 956 502 1360 492 809 2493 267 1171 0 947 638 2368 841 1448
684 681 1445 690 1367 1256 1197 340 18751093 942 947 0 151118061192 942

763 11541763 754 516 2528 885 745 12271319 839 1160 733 1328 1041 841 2288 1430 174 1644 618 13752968 452 1582 638 1511 0 280011251923
2376 1999 1218 2921 2542 371 1911 2058 1568 1689 2102 2195 2195 1483 1879 2327 535 1432 2753 1232 2202 1847 334 2633 1244 2368 1806 2800 0 1709 995

951 815 10451394 10151657 307 423 325 726 575 1004 520 237
1457 1062 212 2001 1622 634 1079 1226 808 683 1183 1194 1353 921

576 904 1198 610 1078 553 527 881 19941106 519 841 119211251709 0 1091
959 1408 572 539 1865 795 1363 841 1064 1712 619 1448 942 1923 995 1091 O

Source: OPIS
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Table3.38: OLS Coefficient Estimates Adjusted with Bootstrapped StahBrrors for PADD 2 and 5 (Eng@ranger Statistic)

Independent 1A NE IL IN MN SD ND Wi KS OH MO OR WA
Variable

Intercept 4,1821* 2.2851* 3.7876* 3.9105* 4.4365* 3.4068* 3.6057* 4.1824* 3.3201* 4.8848* 3.6177* 2.7193* 2.9820*
(0.5858) (0.6612) (0.4®8) (0.3702) (0.4388) (0.4790) (0.4979) (0.5871) (0.4844) (0.3442) (0.4069) (0.5601) (0.5953)
Distance -0.0029* 0.0009 -0.0003 -0.0009 -0.0020* -0.0014 -0.0009 -0.0025** -0.0015 -0.0028* -0.0018* 0.0013* 0.0013*
(0.0014) (0.0016) (0.0010) (0.0008) (0.0009) (0.0010) (0.0009) (0.0014) (0.0010) (0.0007) (0.0008) (0.0005) (0.0006)
(Distance§ 1.71E06* -9.53E08) 3.94E07 5.12E07 1.12E06* 8.75E07* 3.98E07 1.14E06** 1.11E06* 9.57E07* 1.09E06* -2.88E07* -3.97E07*
(7.35E-07)(8.43E07)(4.05E07)(3.26E07)(4.60E07) (5.20E07) (4.46E07) (6.41E07) (5.41E07)(2.55E07)(3.86E07) (1.32E07) (1.58E07)
Ethanol Blending| -0.0636 0.0840 0.0845 0.1516* 0.1706* 0.1782* 0.2082* 0.0628 0.1222* -0.0162 0.0257 0.1822* 0.1562*
Disparity (0.0860) (0.0857) (0.0677) (0.0641) (0.0716) (0.0704) (0.0624) (0.1022) (0.0580) (0.0559) (0.0636) (0.0562) (0.0495)
2"Year RIN Price| -0.0207* -0.0195* -0.0330* -0.0368* -0.0433* -0.0015 -0.0137** -0.0503* -0.0216* -0.0187* -0.0133** -0.0778* -0.0453*
(0.0101) (0.0099) (0.0107) (0.0082) (0.0089) (0.0077) (0.0079) (0.0150) (0.0079) (0.0065) (0.0078) (0.0170) (0.0137)

Octane Value 0.1600 -0.1890 0.1276 -0.0951 -0.1088 0.2855 0.2750** -0.4363* 04292* -0.1754 0.2842 -0.1757 0.2284
Disparity (0.2495) (0.2403) (0.2124) (0.1979) (0.1499) (0.1954) (0.1672) (0.2220) (0.1840) (0.1676) (0.1921) (0.1780) (0.1845)
Disparity in Brande| -0.0156* -0.0118* -0.0091* -0.0158* -0.0047 0.0028 0.0047 -0.0102 -0.0029 -0.0103* -0.0063 0.0013 0.0024
Share of Ethanol| (0.0066) (0.0064) (0.0054) (0.0052) (0.0043) (0.0050) (0.0046) (0.0064) (0.0042) (0.0046) (0.0046) (0.0052) (0.0070)
Ethanol Labelling| -0.1095 0.1197 0.2014 0.2127 0.2604 -0.1957 -0.2680 -0.3835 -0.0647 0.0882 0.0361 -0.1938 0.0326
Law (0.3818) (0.3700) (0.3581) (0.3150) (0.2420) (0.2805) (0.2486) (0.3889) (0.2809) (0.2722) (0.2690) (0.2263) (0.2444)
Ethanol Contract|-0.6886** 0.1682 -0.0669 -0.0244 0.1933 -0.0114 -0.4282 0.2074 -0.1548 0.0673 -0.2212 0.1151 -0.1052
Restriction (0.4151) (0.4358) (0.3421) (0.3299) (0.2885) (0.4033) (0.2912) (0.4295) (0.3270) (0.2769) (0.3166) (0.2480) (0.2800)
R? 0.30 0.27 0.37 0.45 0.46 0.27 0.35 0.26 0.32 0.42 0.31 0.74 0.39

* = significant at the 5% level, ** = significant at the 10% level
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Table3.39: OLS Coefficient Estimates Adjusted with Bootstrapped Standard Errors for PADD 1, 3, and 43Emggr Statistic)

Independent AL AR OK X CO ID MT WY FL GA NC SC
Variable
Intercept 4,0961* 3.0121* 3.5241* 3.5762* 2.2620* 1.3661* 2.6030* 1.4500* 4.1026* 4.8438* 4.0304* 4.5622*
(0.3859) (0.3575) (0.4014) (0.4565) (0.6815) (0.4645) (0.8514) (0.5754) (0.5547) (0.3831) (0.4784) (0.5121)
Distance -0.0018* -0.0009 -0.0009 -0.0015* 0.0005 -0.0001 -0.0002 0.0015 -0.0015* -0.0009 -0.0005 -0.0004
(0.0007) (0.0007) (0.0008) (0.0008) (0.0012) (0.0005) (0.0012) (0.0009) (0.0007) (0.0006) (0.0007) (0.0008)
(Distance§ 6.14E07* 6.73E07* 8.13E07* 7.56E07* -1.34E07 1.04E07 7.78E08 -3.53E07 3.72E07* 4.30E07* 1.83E07 2.23E07
(2.23E07) (2.86E07) (4.12E07) (3.73E07) (5.53E07) (1.63E07) (3.71E07) (3.87E07) (1.80E07) (1.86E07) (2.01E07) (2.42E07)
Ethanol Blending | -0.0800* -0.1635* 0.0535 -0.0108  0.0643 -0.0302 0.2169* 0.2016* 0.0073 0.0493 0.0495 0.0650
Disparity (0.0322) (0.0326) (0.0554) (0.0466) (0.0766) (0.0464) (0.0687) (0.0586) (0.0694) (0.0647) (0.0804) (0.0901)
2"Year RINPrice | -0.0063 -0.0129* -0.0232* -0.0085 -0.0459* 0.0239* -0.0251* -0.0012 0.0273* -0.0283* -0.0024 -0.0187
(0.0072) (0.0065) (0.0095) (0.0074) (0.0128) (0.0104) (0.0102) (0.0094) (0.0076) (0.0069) (0.0091) (0.0116)
Octane Value 0.2520 0.5340* 0.1599 0.3153* -0.1480 0.0189 -0.1534  0.1738 0.2917  0.4486* 0.1367 0.6075*
Disparity (0.1781) (0.1623) (0.1908) (0.1357) (0.2107) (0.1437) (0.1676) (0.1693) (0.1995) (0.1886) (0.2284) (0.2658)
Disparity in Brande -0.0020 -0.0051 -0.0111* -0.0014 -0.0042 -0.0072 -0.0059 0.0088* 0.0040 -0.0056 0.0001 0.0019
Share of Ethanol | (0.0059) (0.0040) (0.0044) (0.0033) (0.0057) (0.0052) (0.0074) (0.0045) (0.0070) (0.0065) (0.0076) (0.0093)
Ethanol Labelling 0.1475 0.1648 0.2030 0.2424 -0.2018 -0.0309 -0.4972* -0.3919** 0.3071 0.7448* 0.4259 0.9434*
Law (0.2377) (0.2106) (0.2652) (0.1848) (0.2825) (0.1902) (0.2657) (0.2252) (0.2676) (0.2524) (0.2983) (0.3551)
Ethanol Contract | -0.2421 0.0486 -0.4368 -0.1467 0.1846 -0.0941 -0.0640 -0.0974 -0.3826 -0.2374 0.0650 0.2715
Restriction (0.3003) (0.2654) (0.3087) (0.2251) (0.3333) (0.2222) (0.3253) (0.2817) (0.3255) (0.3064) (0.4619) (0.4266)
R? 0.33 0.44 0.41 0.24 0.46 0.45 0.42 0.34 0.31 0.40 0.14 0.29

* = significant at the 5% level, ** = significant at the 10% level
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Table3.40: OLS Coefficient Estimates Adjusted with Bootstrapped Standard Errors for PADD 2 and 5 (PRiltips Statistic)

Independent 1A NE IL IN MN SD ND WI KS OH MO OR WA

Variable

Intercept 3.2493* 1.7167* 3.7214* 3.7401* 2.7504* 2.1956* 2.7637* 4.0653* 2.3973* 4.8443* 2.9708* 2.7044* 2.6132*
(0.4432) (0.5532) (0.2849) (0.2760) (0.4227) (0.3919) (0.4431) (0.4697) (0.4270) (0.2763) (0.3054) (0.4398) (0.4982)

Distance -0.0016 0.0012 -0.0010 -0.0013* 0.0001 0.0005 -0.0001 -0.0017 -0.0002 -0.0031* -0.0010 0.0006 0.0008
(0.0011) (0.0013) (0.0007) (0.0006) (0.0009) (0.0008) (0.0009) (0.0011) (0.0009) (0.0006) (0.0007) (0.0004) (0.0005)

(Distance§ 8.91E07 -4.35E07 4.63E07 6.05E07* 1.47E07 -1.95E07 5.45E08 5.63E07 3.01E07 1.08E06* 6.35E07* -9.05E08 -3.02E07*

Ethanol Blending
Disparity

2" Year RIN Pric
Octane Value
Disparity

Disparity inBrand
Share of Ethano

Ethanol Labelling
Law

Ethanol Contrac
Restriction

(5.55E07) (7.16E07) (3.01E07) (2.43E07) (4.54E07) (4.36E07) (3.97E07) (5.09E07) (4.95E07) (2.02E07) (3.04E07) (1.01E07) (1.35E07)

RZ

-0.0411
(0.0655)

0.0029
(0.0075)

0.0993
(0.1846)

-0.0160*
(0.0049)

-0.3211
(0.2854)

0.1066
(0.3233)

0.27

0.0969 0.0869** 0.0816* 0.1230** 0.1192*

(0.0727)

0.0148*
(0.0081)

0.1262
(0.2060)

-0.0103*
(0.0052)

-0.1131
(0.3021)

-0.0836
(0.3515)

0.29

(0.0492)

0.0015
(0.0076)

0.2640%
(0.1551)

-0.0052
(0.0040)

0.0312
(0.2589)

-0.0904
(0.2616)

0.30

(0.0490) (0.0684)

-0.0035 -0.0228*
(0.0060) (0.0081)

-0.0037  0.0270
(0.1485) (0.1389)

-0.0143* -0.0075*
(0.0039) (0.0040)

0.0785 0.3556
(0.2335) (0.2303)

0.1366  0.0069
(0.2588) (0.2739)

0.42 0.37

(0.0562)

0.0147*
(0.0063)

0.3681*
(0.1577)

0.0010
(0.0039)

-0.3239
(0.2213)

-0.0983
(0.3222)

0.37

0.1238*
(0.0574)

0.0178*
(0.0071)

0.2316
(0.1497)

0.0010
(0.0041)

-0.2254
(0.2139

0.1132
(0.2637)

0.27

0.0761
(0.0800)

-0.0219**
(0.0118)

-0.3657*
(0.1802)

-0.0070
(0.0052)

-0.2949
(0.3030)

-0.2358
(0.3457)

0.26

0.1275*
(0.0517)

-0.0093
(0.0069)

0.3647*
(0.1592)

-0.0048
(0.0036)

0.2729
(0.2483)

-0.2607
(0.2888)

0.33

-0.0278
(0.0455)

-0.0113*
(0.0052)

-0.1373
(0.1362)

-0.0108*
(0.0038)

0.1957
(0.2209)

0.0057
(0.2271)

0.52

0.0480
(0.0512)

-0.0021
(0.0060)

0.2544*
(0.1451)

-0.0063*
(0.0036)

0.1176
(0.2081)

-0.2025
(0.2575)

0.28

0.0878*
(0.0416)

-0.0513*
(0.0128)

-0.0652
(0.1375)

0.0035
(0.0039)

0.0131
(0.1734)

0.0086
(0.2099)

0.62

0.0282
(0.0435)

-0.0129
(0.0119)

0.2801*
(0.1577)

-0.0026
(0.0060)

0.0478
(0.2064)

0.0585
(0.2367)

0.22

* = gsignificant at the 5% level, ** = significant at the 10% level
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Table3.41: OLS Coefficient EstimaseAdjusted with Bootstrapped Standard Errors for PADD 1, 3, and 4 (Pfiéipsn Statistic)

Independent AL AR OK X (6{0] ID MT WY FL GA NC SC
Variable

Intercept 3.4049 2.8099 3.0563 3.2074 1.8343 1.4155 2.569% 1.3610 2.937F 4.3688 3.7184 4.4155%
(0.2765 (0.305) (0.2852 (0.4105 (0.4503 (0.3839 (0.6403 (0.4129 (0.3609 (0.3106 (0.3809 (0.3683
Distance -0.001% -0.0007 -0.0005 -0.0008 0.0012 -0.0002 -0.0001 0.0013* -0.0002 -0.0016* -0.0003 -0.0008
(0.0005 (0.0009 (0.000§ (0.000% (0.0008 (0.0004 (0.0009 (0.000% (0.0005 (0.0005 (0.000§ (0.0006
(Distance§ 4.01E07* 4.42E07* 4.45E07 3.57E07 -3.58E07 9.24E08 -1.94E08 -2.77E07 6.65E08 3.48E07* 8.67E08 2.75E07
(1.57807) (2.39E07) (2.85E07) (3.32E07) (3.68E07) (1.32E07) (2.72E07) (2.76E07) (1.17E07) (1.54E07) (1.60E07) (1.72E07)
Ethanol Blending | -0.0090 -0.143% 0.0063 0.0374 0.0509 -0.0925 0.1520 0.1125 0.0045 0.0547 0.1017 0.0973
Disparity (0.0223 (0.0270 (0.038§ (0.0409 (0.0513 (0.0404 (0.0523 (0.0427% (0.0453 (0.0539 (0.0648 (0.0666
2" Year RIN Price| 0.017% 0.0092 -0.0082 -0.0001 -0.049 0.017Z -0.0143* 0.0013 0.032% -0.0146 -0.0136* -0.019%
(0.005) (0.0059 (0.0068) (0.0065 (0.0085 (0.0082 (0.0075 (0.0069 (0.005Q0 (0.005§ (0.0073 (0.0083
Octane Value 0.2225* 0.3928 0.0690 0.2773 -0.2277* 0.1306 -0.0997 -0.0510 0.306% 0.287% -0.0374  0.3061
Disparity (0.1266 (0.1353  (0.1353 (0.1209 (0.1389 (0.1133 (0.1259 (0.1259 (0.130Q (0.151§ (0.178Q (0.187§
Disparity in Brandeq 0.0036 -0.0055 -0.009% -0.0035 0.0027 -0.008* -0.0048 0.007& 0.0014 -0.0061 -0.0012 -0.0027
Share of Ethanol | (0.004) (0.0035 (0.003Q (0.0029 (0.003 (0.0049 (0.005) (0.0034 (0.0049 (0.0053 (0.006Q (0.0069
Ethanol Labelling 0.2399 0.1343 0.0905 0.1690 0.3227* 0.1512 -0.399* -0.3404 0.3338* 0.492G 0.3228 0.6086
Law (0.1679  (0.1859  (0.183) (0.165) (0.189) (0.1606) (0.1953 (0.1715 (0.1759 (0.208Q (0.2369  (0.258)
Ethanol Contract | -0.3265 -0.1597 -0.2147 -0.1269 0.1960 0.0419 0.0301 -0.1353 -0.1803 -0.2239 -0.0670 0.1709
Restriction (0.2090 (0.2295 (0.2149 (0.1989 (0.229) (0.176) (0.2437 (0.2073 (0.213§ (0.2542 (0.3679  (0.3105

R? 0.33 0.39 0.32 0.28 0.69 0.57 0.35 0.32 0.45 0.41 0.22 0.39

* = significant at the 5% level, ** = significant at the 10% level
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Table3.42: OLS Coefficient Estimates Adjusted with Bstoapped Standard Errors for PADD 2 and 5 (Johansen Trace Statistic)

Independent 1A NE IL IN MN SD ND Wi KS OH MO OR WA
Variable
Intercept 19.8807* 20.9377* 23.9755* 22.0783* 23.6413* 20.9435* 23.2367* 23.5517* 17.3691* 31.4465* 16.7624* 15.3801* 15.4702*
(2.3754) (2.9623) (2.7763) (2.3639) (2.8003) (2.4478) (3.0982) (3.0149) (2.3855) (2.2120) (2.1624) (3.9916) (5.0094)
Distance -0.0104** -0.0116** -0.0153* -0.0105* -0.0098** -0.0123* -0.0087 -0.0141** -0.0072 -0.0213* -0.0099* 0.0035 0.0072
(0.0058) (0.0070) (0.0068) (0.0054) (0.0057) (0.0051) (0.0059) (0.0073) (0.0050) (0.0046) (0.0047) (0.0034) (0.0050)
(Distance3 5.48E06* 6.96E06** 7.22E06* 4.97E06* 4.26E06 5.62E06* 3.73E06 5.50E06** 5.22E06* 7.39E06* 7.34E06* -4.13E07 -1.77E06

Ethanol Blending
Disparity

2"Year RIN Price]
Octane Value
Disparity

Disparity in Brande
Share of Ethanol

Ethanol Labelling
Law

Ethanol Contract
Restriction

(2.94E06) (3.75E06) (2.79E06) (2.05E06)(2.97E06) (2.64E06) (2.79E06) (3.26E06) (2.63E06) (1.62E06) (2.17E06) (9.08E07) (1.34E06)

R2

0.3378
(0.3632)

-0.1092*
(0.0436)

-0.6478
(1.0974)

-0.0312
(0.0281)

-1.3177
(1.5981)

-2.7646
(1.8641)

0.25

0.1275
(0.4140)

-0.0303
(0.0459)

1.7465
(1.1419)

-0.0143
(0.0285)

1.6683
(1.5886)

-0.4896
(1.8428)

0.19

0.7595
(0.4728)

-0.2159*
(0.0726)

-0.7809
(1.4869)

-0.0552
(0.0374)

-2.7268
(2.3989)

-0.8483
(2.4405)

0.32

1.4383*
(0.4166)

-0.2119*
(0.0528)

-0.0549
(1.2578)

0.0072
(0.0344)

1.7238
(2.0033)

0.6291
(2.1506)

0.39

1.3263*
(0.4417)

-0.1699
(0.0538)

0.4144
(0.8942)

0.0177
(0.0253)

2.0647
(1.4706)

-0.7516
(1.7235)

0.40

0.7691*
(0.3449)

-0.0315
(0.0379)

-1.1098
(0.9009)

1.0065*
(0.3934)

-0.2360*
(0.0494)

-0.9547
(0.9736)

-0.0455* -0.0450**

(0.0233)

-0.1725
(1.3445)

0.0070
(1.9450)

0.30

(0.0270)

-0.3785
(1.4535)

-1.7622
(1.7947)

0.43

0.1778
(0.5344)

-0.2405*
(0.0806)

-2.1510**

(1.1810)

-0.0658**

(0.0358)

-3.3866
(2.1048)

-0.8765
(2.3552)

0.25

0.3798 0.8770*

-0.1437 0.6587**

(0.3033)

-0.1180*
(0.0401)

0.5588
(0.9441)

-0.0241
(0.0223)

0.0842
(1.4258)

-0.3678
(1.6768)

0.27

(0.3654)

-0.2716*
(0.0419)

-0.0269
(1.1309)

0.0708*
(0.0315)

-0.4406
(1.7407)

1.9733
(1.8068)

0.56

(0.3624)

0.0014
(0.0439)

-0.4513
(1.0760)

-0.0931*
(0.0246)

0.3927
(1.5272)

-0.5641
(1.7500)

0.38

(0.3889)

-0.1734
(0.1176)

-1.9924
(1.2748)

-0.0060
(0.0359)

1.1622
(1.5870)

-1.0399
(1.9258)

0.47

0.0567
(0.4429)

-0.1830
(0.1127)

-0.2134
(1.5234)

-0.0777
(0.0575)

0.8440
(2.0675)

-0.8110
(2.4715)

0.40

* = significant at the 5% level, ** = significant at the 10% level
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Table3.43: OLS Coefficient Estimates Adjusted with Bootstrapped Standard Errors for PADD 1, 3, and 4 (Johansen Trace Statistic

Independent AL AR OK X CO ID MT WY FL GA NC SC
Variable

Intercept 20.1327% 11.940F 18.2086 15.5576 13.8656 13.241F* 14.3760 10.2563 17.6119 22.7608 19.3958 22.8170
(2.5963 (2.2280 (2.4829 (5.9099 (4.2239 (2.2587% (8.971) (3.545 (3.7959 (2.7814 (2.742) (2.936)
Distance -0.0124 0.0030 -0.0085 -0.0100 0.0033 -0.0027 -0.0022 0.0076 -0.0040 -0.0042 -0.0024 -0.0051
(0.0049 (0.004) (0.0054 (0.0109 (0.007§ (0.0026 (0.0119 (0.0059 (0.004§ (0.0044 (0.0040 (0.0045
(Distance} 3.61E06* -7.07E07 6.51E06* 4.90E06 -3.00E06 6.67E07 1.05E06 -1.28E06 9.24E07 2.15E06 1.24E06 2.10E06
(1.49E06) (1.76E06) (2.65E06) (4.88E06) (3.45E06) (8.04E07) (3.74E06) (2.39E06) (1.24E06) (1.38E06) (1.12E-06) (1.37E06)
Ethanol Blending | -0.0440 -0.632%  -0.3640 0.4962 -0.0435 -0.0856 0.1944 0.4475 0.1663 0.4332 0.1377 0.5823
Disparity (0.2249 (0.201) (0.3599 (0.6073 (0.4832 (0.233) (0.6679 (0.378) (0.4623 (0.495Q0 (0.4618 (0.518B)
2"Year RIN Price| 0.0057 -0.0091 -0.0163 0.0803 -0.257% 0.0472 -0.203¢ -0.0788 0.132% -0.1250 0.0695 -0.155%
(0.0519 (0.0416 (0.0629 (0.1003 (0.0783 (0.0508 (0.0990 (0.0585 (0.0533 (0.0533% (0.0525 (0.0666
Octane Value -0.7882 1.966Z 1.4858 -0.6545 -0.6196 0.2795 -2.3807 -0.3372 0.5328  3.2960 1.7450 2.5915*
Disparity (1.2583 (0.9833 (1.216 (1.770§ (1.2947% (0.6977 (1.6039 (1.033Q (1.4469 (1.3753 (1.3269 (1.5639
Disparity inBranded -0.0309 -0.0112 -0.0317 0.0497 -0.0884 -0.0114 -0.1140 0.0758& -0.0329 0.0358 0.0059 0.0592
Share of Ethanol | (0.0409 (0.0259 (0.027% (0.0449 (0.0347 (0.0248 (0.0715 (0.027§ (0.0496 (0.0499 (0.0447 (0.051%
Ethanol Lab#ing -3.3528& 0.1307 1.0929 -2.2917 -1.1186  2.024CG -3.9716 -0.3083 -2.1494 2.0259 3.0223* 3.2597
Law (1.6239 (1.3335 (1.6509 (2.478§ (1.7599 (0.9217 (2.663Q (1.485% (1.957) (1.9225 (1.7389 (2.080)
Ethanol Contract | -3.1976 -1.7518 -0.2471 -3.2711 -0.7716 0.0698 -1.0632 -0.7205 -3.3238 -3.4328 2.7256 1.3022
Restriction (2.0726 (1.6453 (2.003§ (2.931§ (2.127Q0 (1.101§ (3.3837 (1.6709 (2.285Q (2.3287% (2.7319 (2.6189

R? 0.34 0.24 0.30 0.19 0.43 0.24 0.31 0.28 0.25 0.26 0.16 0.30

* = significant at the 5% level, ** = significant at the 10% level
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Table3.44: OLS Coefficient Estimates Adjusted with Bootstrapped Standard Errors for PADD 2 and 5 (Johansen Max Eigenvalue)

Independent 1A NE IL IN MN SD ND WI KS OH MO OR WA

Variable

Intercept 16.3114* 16.1708* 21.9600* 19.2295* 20.8740* 17.9876* 20.3164* 21.0367* 14.3561* 28.0659* 14.0379* 13.3725* 14.4571*
(2.3631) (2.5354) (2.7005) (2.4054) (2.6795) (2.5533) (3.1497) (3.0175) (2.3970) (2.2174) (2.1405) (4.0476) (4.8269)

Distance -0.0079 -0.0075 -0.0144* -0.0091* -0.0080 -0.0106* -0.0075 -0.0136** -0.0064 -0.0205* -0.0084** 0.0032 0.0058
(0.0058) (0.0060) (0.0066) (0.0055) (0.0054) (0.0053) (0.0061) (0.0073) (0.0051) (0.0046) (0.00%k) (0.0035) (0.0048)

(Distance} 437606 5.05E06 7.18E06* 4.39E06* 3.62E06 5.01E06* 3.30E06 5.29E06 4.80E06** 7.19E06* 6.68E06* -4.63E07 -1.33E06

Ethanol Blending
Disparity

2" Year RIN Price
Octane Value
Disparity

Disparity in Brande
Share of Ethanol

Ethanol Labelling
Law

Ethanol Contract
Restriction

RZ

(2.93E06) (3.23E06) (2.74E06) (2.08E06) (2.84E06) (2.78E06) (2.86E06)(3.27E06) (2.65E06) (1.62E06) (2.12E06) (9.21E07) (1.30E06)

0.2522
(0.3666)

0.2065 0.9823*
(0.3512) (0.4603)

1.5820*
(0.4206)

1.3031*
(0.4223)

0.8979*
(0.3647)

1.1572* 0.2431
(0.4015) (0.5375)

0.6228*
(0.3066)

0.9198*
(0.3631)

0.0002 0.7787*
(0.3599) (0.3939)

0.3131
(0.4282)

-0.1661*
(0.0437)

-0.0888*
(0.0389)

-0.2907*
(0.0709)

-0.2602*
(0.0633)

-0.2149*
(0.0516)

-0.1018*
(0.0401)

-0.2783* -0.3324*
(0.0499) (0.0807)

-0.1824*
(0.0405)

-0.3158*
(0.0418)

-0.0729* -0.2230*
(0.0433) (0.1178)

-0.2915*
(0.1094)

-0.7978
(1.0954)

1.1550
(0.9808)

-0.4021
(1.4401)

0.3665
(1.2573)

0.2097
(0.8605)

-0.6682
(0.9611)

-0.8365 -2.4504*
(0.9852) (1.1859)

0.6891
(0.9504)

-0.1506
(1.1165)

-0.3223 -2.0751
(1.0662) (1.2793)

-0.2060
(1.4709)

-0.0273
(0.0280)

-0.0035
(0.0244)

-0.0452
(0.0363)

0.0214
(0.0346)

0.0174
(0.0243)

-0.0325
(0.0246)

-0.0355 -0.0593*
(0.0276) (0.0361)

-0.0105
(0.0224)

0.0751*
(0.0312)

-0.0784* -0.0129
(0.0243) (0.0363)

-0.0641
(0.0559)

-0.8967
(1.5873)

1.8313
(1.3367)

-2.0470
(2.3282)

1.4089
(2.0174)

1.2615
(1.4119)

0.0037
(1.4125)

0.3056  3.2819
(1.4636) (2.1397)

-0.1495
(1.4314)

0.4168
(1.7222)

0.0638  0.8911
(1.5109) (1.5966)

0.7081
(2.0009)

-3.0814*
(1.8589)

-0.1878
(1.5766)

-0.4276
(2.3796)

1.0054
(2.1605)

-0.4490
(1.6417)

0.8839
(2.0587)

-1.2960 0.0114
(1.8273) (2.3912)

-0.5122
(1.7030)

2.1619
(1.8006)

-0.0299 -0.8402
(1.7339) (1.9130)

-0.4513
(2.3859)

0.29 0.23 0.41 0.44 0.43

0.30 0.47 0.31 0.34 0.60 0.39 0.53 0.47

* = significant at the

5% level,**= significant atthe 10% level
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Table3.45: OLS Coefficient Estimates Adjusted with Bootstrapped Standard Errors for PADD 1, 3, and 4 (Johansen Max Eigenvalue

Independent AL AR OK X (6{0] ID MT WY FL GA NC SC
Variable
Intercept 16.7062 9.449F 15.4836 12.6595 11.7356 10.103% 12.0582 8.195& 145464 20.4908 17.8675 20.4514

(23737 (2.0599 (2.3493 (55672 (4.380§ (2.1979 (9.181§ (3.3292 (3.5063 (2.6719 (2.6929  (2.8999

Distance -0.0116  0.0027 -0.0079 -0.0081 0.0033 -0.0037 -0.0025 0.008+ -0.0033 -0.0041 -0.0037  -0.0053
(0.004Q  (0.0039 (0.005) (0.010) (0.007§ (0.0025 (0.0123 (0.0059 (0.0044  (0.0043  (0.0039  (0.0049

(Distance$ 3.47E06* -3.30E07 6.34E06* 4.24E06 -2.92E06 9.24E07 1.32E06 -1.00E06 8.12E07 2.25E06* 1.71E06 2.26E06*
(1.36E06) (1.63E06) (2.53E06) (4.61E06) (3.57E06) (7.84E07) (3.82E06) (2.26E06) (1.14E06) (1.32E06) (1.09E06) (1.35E06)

Ethanol Blending | -0.1700 -0.771¢  -0.2566  0.3670  -0.2313 -0.1142 0.2009 0.379 00317 05450 0.1186  0.6113
Disparity (0.2020 (0.1859 (0.3383 (0.5749 (0.5013 (0.2287 (0.683§9 (0.3573 (0.4253 (0.477§  (0.448Q  (0.5063

2"Year RIN Price| -0.0877* -0.0630* -0.0922 0.0142 -0.2653 0.0181 -0.263% -0.106% 01094 -0.2002  -0.0002 -0.2143
(0.0465 (0.0384 (0.0589 (0.0943 (0.0823 (0.0492 (0.1013 (0.055Q (0.048) (0.0509  (0.051§  (0.0660Q

Octane Value | -0.6771 1.7029* 15378 -0.7209 -0.8779 0.4384 -2.8233* -0.5204 12507 3.471F 2.20&* 2.7936*
Disparity (1.147) (0.9190 (1.1479 (1.6693 (1.361) (0.6765 (1.6399 (0.9745 (1.3413 (13219 (1.2997  (1.5629

Disparity in Brande{ -0.0227 -0.0158 -0.0192 0.0518 -0.0898 -0.0287 -0.1133 0.0592  -0.0203  0.0397  0.0100  0.0652
Share of Ethanol | (0.0367  (0.0243 (0.0263 (0.0423 (0.0362 (0.0239 (0.0732 (0.0263 (0.0453 (0.0479 (0.0435  (0.051Q

Ethanol Labelling | -3.4745 0.3688 1.3912  -1.9299 -1.0687 1.8564 -4.0250 -0.5033 -1.4631 24767  3.2530* 3.6033*

Law (14759 (1.2355 (1.5599 (2.3429 (1.8389 (0.8900 (2.7319 (1.386) (1.794) (1.841§ (1.7149  (2.0599

Ethanol Contract | -2.5128 -1.4849  0.3088 -2.7042 -0.4953 -0.0848 -0.6255 -0.6487 -2.5767 -2.8102 -3.7971  1.7908

Restricton (1.870) (1.5429 (1.8983 (2.7519 (2.228) (1.0487 (3.4609 (1.566) (2.0973 (2.2280 (2.6773  (2.602)
R 0.35 0.31 0.37 0.21 0.41 0.23 0.37 0.31 0.23 0.35 0.18 0.37

* = significant at the 5% level, ** = significant at the 10% leve
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Petroleum Administration for Defense Districts

Source: U.S. Energy Information Administration.

Figure3.1: U.S Petroleum Administration for Defense Districts (PADDS)
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Figure3.2: Map of the Liquid Terminals
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