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Entry into many markets can be attractive to both member-owned firms (e.g. new generation
cooperatives) and traditional investor-owned firms (IOF). We present atheory that predicts
the circumstances when each type of organization will be most likely to form. Using the
ethanol industry as a backdrop, we employ a series of discrete-time, stochastic dynamic
programming models to analyze individual agent decisions about investment in anew
generation cooperative (NGC). By linking these models we identify the conditions that
point toward the formation of two types of NGC — those that trade their shares through an
auction mechanism and those that rely on direct member negotiations. We observe that the
cooperative' s choice of trading mechanism affects not only the NGC'’ s share price but also
impacts the likelihood that it will formin the first place. We then compare the “investment
thresholds” of the different NGC' sto the investment threshold of asimilarly situated | OF.
We conclude that a member-owned firm is more likely to form than an |OF when the
enterprise promises only marginal profitability in the short-term.




INTRODUCTION

Entry into many markets can be attractive to both member-owned and investor-
oriented firms (IOF). The ethanal indudiry is a good example, with new generation
cooperatives forming in large numbers in some places and |OF s being the predominant
form of organization in others.

The differences between new generation cooperatives (NGC) and IOF s can only
be understood when the risk of investing in NGC'sis taken into account. Ethanol
cooperatives can fal victim to high corn prices, low ethanol prices, or both. Tradable
shares, often touted as a means of overcoming the free-rider problem of many open
membership cooperatives, may aso pose significant risksfor producers. The delivery
obligation associated with NGC shares may prevent producers from sdlling corn to the
highest bidder, the future value of cooperative sharesis highly unpredictable, and a
producer’ s ability to trade stock is never guaranteed. Cooperative proponents and policy
makers need to consder how the risk inherent in aNGC affectsiits ability to form and
ultimately impacts its long term stahility.

In order to address some of these issues, we use dynamic programming methods
to model the optimal ethanol plant investment decisons in three distinct market settings.
We are particularly concerned with (i) differences in formation thresholds for |OF and
NGC organizations and (ii) the impact a cooperative s choice of the mechanism for stock
trading has on its ability to attract members and on the digtribution of membership in a
farm population. Our andys's combines dynamic investment modd s for heterogeneous

agents with market smulations over aten year horizon.



The firgt organizationd form we congder isaNGC that has achieved a
competitive market for trading shares among member and non-member farmers. By a
“competitive market” we mean one where there are enough potentid buyers and sdlers
of sharesin each time period to make the market for NGC stock perfectly liquid. Each
agent can trade as many shares as he wishes at the current market price. In essence, each
agent submits a demand schedule for NGC shares, and the market clears at the price at
which aggregate demand is equal to zero.

The second organizationa form we condder is the case where cooperative shares
are traded through a multi-unit, discriminatory auction. Thistype of stock trading
mechanism is common among ethanol cooperativesin Minnesota. In a multi-unit,
discriminatory auction, each agent in the market submits an optima quantity / price pair.
The quantity may be positive (a buyer), negative (asdler), or zero. A buyer'spriceisa
bid and asdler’s priceisareserve price. After dl of the quantity / price pairs are
submitted, the “auctioneer” clears the market by first determining which buyers and
sdlers are successful and then matching successful buyers and sdlers. Successful buyers
pay their bid price, but the price received by a successful seller depends upon which
buyer purchases her shares.

Thefind organizationa form we condder in an IOF. Thisisthe amplest case,
sncethere isa single investor, who does not farm. It is the baseline Situation for our
andyss.

In the sections that follow, we first describe features of the agent modd and
market setting that are common to the anadysis of dl three market organizations. Then

for each market setting, we set up and discuss the individua agent problem. Next, we



determine corn price/ ethanol price combinations that define aformation threshold for
the establishment of an ethanol plant. After presenting formation thresholds for dl three
organizationa forms, we present findings for the two NGC forms on the distribution of
membership.

We conclude that producers desire to use NGC's as a risk management tool
causes NGC' s to form over a broader set of conditions than an |OF would form.
However, when a cooperative trades its shares through a discriminatory auction
mechanism, investors are more reticent to become members than if the market for
cooperative shares were competitive. Thisimpliesthat a cooperative with a
discriminatory auction trading mechanism fails to capture al of the potential welfare
gansfor itsmembers. We dso find that the digtribution of membership differs
dramatically with the choice of stock trading mechanisms for the two NGC forms.

. COMMON MODELING ASSUMPTIONS

A. The Agent Model

Theinvestorsin each of the three organizationa forms have much in common.
The god of each agent isto maximize expected utility of net cash flows over an infinite
horizon. An agent’s net cash flow in a given year includes net income from the
ownership share of the ethanol plant (if it has formed) and from farming (unless the agent
isan IOF) aswell the expense (revenue) from buying (selling) an interest in the
cooperative or ethanol plant. Therefore, net cash flow is afunction of the corn price
(CPy), the ethanal price (EPy), the share price (SP;), the number of shares owned (SH),

and the number of shares purchased or sold (%) intime period t. The net cash flow

function can be specified by P (CPR,,ER,, SP,,SH,, X,) . At thetime an agent makes an



investment decision, the corn and ethanol prices that will determine the current period’s
cash flow are unknown. Under the auction market NCG structure, both the share price
and share balance are uncertain, Since agents are not sure they will make atrade when
they submit share quantity / price combinations to the auction. Therefore, in each case
the net cash flow (P ) isarandom variable. We assume agents’ risk preferences can be
represented by an additively time-separable utility function with positive, norrincreasing
margind utility.

Investment decisons affect not only current net cash flows but aso opportunities
for future net cash flows. We mode the evolution of these opportunities with state
equations for the corn price (CPy), the ethanol price (EPy), the share price (SPy), and the

number of shares owned (SH;). In each of the models, the corn price follows the nor+

dationary process, CP, =CP,_, x¢°,with e° ~ N(0,s Z) . Theethanol price, followsa
smilar process, EP, = EP_, e and the error term on the ethanal price is aso normally

distributed with amean of zero and avariance of s 2. Not surprisingly, the evolution of
share prices is modded quite differently for each market organization. In generd, this

can be denoted by SP; = g(SPr.1, SHe1, X, €), where e° isarandom variable and not all
arguments necessarily have an impact on share price dynamics. Under the IOF and
compsetitive market NGC gructures, the share badance is given by the smple

determinigtic expresson SH; = SHi.1 + X;, where X; is positive when shares are purchased
and negative when they are sold. Under the auction market NGC structure, the share
balance is uncertain, since the agent does not know whether the quantity / price pair he

submits to the auction market will result in atrade. Therefore, amore generd



specification for the dynamics of share balanceis SH; = f(SHe.1, Py, X;, &), wheree isa
random variable and not al arguments necessarily have an impact on SH.

For al three market organizations, share balances are constrained to be
nonnegative, and there is a maximum share balance leve for each agent. These
condraints, in turn, impose congraints on levels for the number of sharesthat can be
purchased or sold. Taking thisinto account, the generd formulation for the agent’s

problem with utility function U[P (CP,,ER,SP,, SH,, X,)] is
mex EJU[P (CP, ER, SR, SH, X ] @)
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At any time, t, the tradeoff between current returns and future opportunitiesis represented

by the Bellman equation:

W(SH',P) = max} E[U[P (P,H, X)]h% E[W(SH " P'+dP)]§ 2
X

subject to:
P=(CP',EP', SP)
CP'=CPx’
EP' =EPsf
SP'=g(SP',SH', X', e®)
H'= f(H, P, X,eX)
OE£SH £H .,



Thefirg term on the right hand side is the expected utility of net cash flow in the current
time period, given the agent’s choice of anew share balance, SH’. The second term on
the right Sde isthe discounted “vaue’ of the agent’ s decision going forward, assuming
he continues to optimize in the future.

With four state variables, some of which are stochadtic, this problem cannot be
solved andyticaly. Therefore, we have found numerica solutions to the various agent
problems usng MATLAB and arevised version of aprogram initialy developed by
Heman Lohano (2002). Lohano’'s modd implements methods described in Chapters 8
and 9 of Miranda and Fackler (2002).

B. The Net Cash Flow Function

For the IOF net cash flows come only from the operation of the ethanol plant.
Therefore,

P! = SH[(EP: - CP;— CAC)] — (SPt)(Xy), ©)
where CAC is the constant average cost of ethanol plant operation per bushel of corn.t
Thefirg term isthe ethanol plant’ s profit and the second term isthe net cost of
invesment or disnvestment.

The net cash flow for agents in the competitive NGC and the auction NGC
models are considerably more complex than that for the IOF. Net cash flows from
membership in the cooperative are identica to those for the IOF case. They include the
agent’ s share of profits from ethanol plant operation and cash flows associated with the

purchase or sde of sharesin the ethanol plant. Net cash flows from farming are adjusted

! The ethanol price has been converted from $/gallon to $/gallon/bushel of corn.



to reflect that corn delivered to the cooperative cannot be sold in the open market.
Therefore, the overdl net cash flow function is:
P'= SH/[(EP; - CP;— CAC)] — (P )(X)

+(CPe+ g)SH! + (1 + Q)CP{Y{(A12) - SH - C(A12) @

+ CP{Y/(A'/2)] - C(A/2),
where C isthe production cost per acre for corn or soybeans. Thefirdt line of this
expression is the return from the cooperative investment. The second lineisthe net cash
flow from corn production, including payments for corn from the cooperative; and the
third line is net cash flow from soybean production.

C. Thelnvestment Setting

To andyze ethanol plant investment decisions, it is first necessary to define both
the nature of the ethanol plant and the characterigtics of the population of potentid
investors. Just as the solution to the agent problem depends, in large part, on the
parameters chosen for the mode so, too, do the outcomes at the market level. To be
assured that the parameters are reasonable, we found it desirable to create a hypothetica
investment setting that is based on an actud ethanol plant. We have chosen the saven
county areaincluding and surrounding Freeborn County, Minnesota in South Centra
Minnesota as the basis for our investment setting.

Freeborn County is the home of Exol ethanol cooperative. The Exal plant
produces 36 million galons of ethanol per year and requires 13 million bushels of corn.
Using Exol asamodd, the initid cost of the plant is estimated to be gpproximately $97
million. Assuming the haf the cost of the plant is financed with equity, the initid cost

outlay for the IOF is $48.5 million. If the cooperative issues 13 million shares, each



representing the right and obligation to deliver one bushd of corn each year, the share
price required to raise $48.5 million is $3.75.

Under the IOF organizationd structure, there is asingle investor, who is assumed
to berisk neutra. Under the two cooperative organizationd structures, the farm
population represents alarge, diverse pool of potentia investors. In 1997, Freeborn
County and the six contiguous counties were the home of 4234 farms that grew corn.

The average corn yield on these farms was about 140 bushels per acre. Approximately

68 percent of these farms were between 50 and 499 acresin size, 22 percent were 500 to
1000 acres, and 10 percent were greater than 1000 acres. In our model, the population of
agentsis distributed among small (300 acres), medium (600 acres) and large (1200 acres)
producers in gpproximately these proportions. The number of farms growing corn in the
counties surrounding Freeborn County outnumbers the corn farms located in Freeborn
County by approximately 4 to 1. Agentsin the surrounding counties are designated as
“far” agents because they incur a$0.10 /bushel transaction cogt if they deliver corn to the
ethanol plant. If this cost is captured by the varigble d, which is equal to -$0.10 for “far”
agents and zero otherwise, the agent’ s effective price for delivering corn to the
cooperativeis CP; + d.

In this part of Minnesota, most crop producers grow both corn and soybeans,
alocating approximately equa acreage to each crop. For smplicity here, we assume a
50-50 alocation of acreage on dl farms and identical net returns for the two crops. We
restrict afarmer’s NGC share balance to be non-negative and no greater than expected
corn production —i.e., 0 < SH; < 140(A/2), where 140 is expected yidld and A istota

acreage. Cornyidlds are stochadtic, so it is possible for afarm’s corn production to fdl



below SH;, the number of bushds that must be delivered to the cooperative. When this
happens, the agent incurs a5 percent transaction cost, designated by q, for purchasing
corn on the open market for ddlivery.

Under the two NGC organization structures, farmer-investors are assumed to be
risk averse with a negative exponential utility function, U (P ) =- exp[- | (P)]. we
assume that haf of each type of agent are highly risk averse, hdf are dightly risk averse,

and the coefficients of risk aversion (?) are:

Farm Sze Highly Risk Slightly Risk
Averse Averse
300 acres | =0.000015 | =0.000004
600 acres | =0.000008 | =0.000002
1200 acres | =0.000002 | =0.0000005

A risk neutral agent would have a certainty equivaent equa to the mean vaue of a 50/50
lottery. The parameters of our modd were chosen so that the dightly risk averse agents
had certainty equivaents approximately equal to 90% of the agent’ s expected return and
highly risk averse agents had certainty equivaents gpproximately equa to 65% of
expected returns.

Investment decisions under each organizationd sructure are Smulated over atent
year period for 100 randomly generated scenarios that are defined by vdues of dl the
random varigblesin themodd. Thisanayssyidds detalled information on investment
and disnvestments for the IOF structure and on trade volumes, share prices, and the

digtribution of membership for the two NGC structures. Since acomputer Smulation



with 4200 agents and 13 million shares would be far too large to run in any reasonable
length of time, we have scaled back both the number of agents and the number of shares
avallable by afactor of 0.005. We now have twenty-one agents and 65,000 shares
available for purchase from the cooperative. Testing has shown that share price

dynamics are robust to changesin the scae factor.

[11. INDIVIDUAL AGENT MODELS

A. The Agent In The Competitive Market NGC.

The agent’ s problem in the competitive market tracks the recursive problem of
Equation 2 very closdy. The agent’s control varigble isthe change in his share baance,
X, and the state variables are the ethanol price, corn price, share price and share balance.
In order that agentsin our model may have “rationa” expectations about the share price
dynamics we have estimated the share price, as afunction of the corn and ethanol prices,
from the smulated stock trading markets. Since the agents' expectations of the share
price dynamics affect the actual share price dynamics we have estimated the share price
using an iterative process of estimating the share price, updating expectations, and re-
estimating the share price until expectations are consstent with the true share price
dynamics.

Using numerical methods to solve Equation 2 for the agent in a competitive
market, we are able to estimate the demand for NGC shares for agents with avariety of
characterigtics. While the primary focus of this paper is on the formation thresholds for
the various cooperative structures, those results will be more clear if we briefly discuss

some features of the agent’s optimd palicy.
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Figure 1 shows the corn price/ ethanol price combinations a which two medium
szed agentsin a competitive market, who vary only by the level of risk averson, will
initidly purchase 5000 sharesin anew generation cooperative. The threshold lines
represent the states at which it is optimal for each agent to purchase the specified quantity
of sharesa aninitid share price of $3.75. The net present vaue line represents the set of

states where the share price is equd to the expected net present value of the cooperative.
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The graph illugtrates that agents will oftenbe willing to invest inaNGC even if
the expected net present vaue of the cooperdtive, given the current Sate, islessthan the
cost of the shares. Risk averse farmers wish to mitigate corn price uncertainty through
diversfication by investing inaNGC. Therisk reduction benefits offered by the
cooperdive are large enough that investors are willing to accept negative profitsin the
near term. This explains why the threshold fals below the NPV line. Decreasing

margind utility means that these benefits begin to decline, however, if the agent becomes
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over-invested in the NGC. In fact, we find that the threshold increases with the size of
the investment. Astheleve of risk averson grows, the margind utility required of each
additiona share dso grows so agents with higher risk averson generdly require more
favorable states before they will commit to large purchases.

In addition to the results shown in Figure 1, we find that an agent’s optimd policy
istypicaly to dedicate only afraction of his expected corn production to the cooperative.
Only as the NGC becomes more profitable will the agent incrementally purchase alarger
number of shares. We ao find that the Size of the farm and distance from the
cooperative affect demand for cooperative shares. A large producer grows more corn
and is, therefore, able to deliver more corn to the cooperative. Heisaso more
susceptible to volatility in the corn price, SO demands more shares as a consequence of his
desreto managerisk. Findly, since the agent’ s distance from the cooperative affects
the agent’ s net cash flow, agents who are far from the cooperative demand fewer shares
than agents who are near the cooperative.

2. The Agent In The Auction Market NGC

Like the agent in a competitive market, the investor in aNGC that uses a mullti-
unit discriminatory auction tries to optimize the discounted expected utility of net cash
flow (Equation 4). They do so by submitting an optima quantity / price pair (Xi , SP;)
suchthat SP, 3 0O at the beginning of each time period. In other words, there are now two
choice variables and the share price is no longer a date variable.

The auction market clears through a hypothetical auctioneer who usesthe price/
quantity bids to prepare schedules of aggregate supply and demand. The price a which

supply and demand are equd is cdled the “ stop-out price” (SOP). If abid priceis higher
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than or equal to the stop-out price, it is successful and the bidder will pay the amount of
hisbid. Conversdly, if asdler’sreservation priceisequd to or lower than the stop-out
price then she will be successful. This auction mechanism introduces two important
drategic dements that are not found in the competitive model.

Thefirg isthat over most Sates thereis some probability that abid will not be

successful. This probability is represented by the function:

iF, =Pr(SP3 SOP)if SH'>SH 0

F(EP,CP,SP)={F _ = PI(SP £ SOP)if SH'<SHy

1 if SH'=8sH})
This saysthat the probability of being successful in the auction is afunction of the
ethanoal price, corn price and the bid or reservation price. For example, if the Sates are
such that the cooperative is profitable then many agents will likely be trying to buy and
the probability of being successful with areatively low bid price will be dloseto zero. A
sler, on the other hand, would have a high probakility of being ableto sl in that
environment with even ahigh reserve price. Thekey featureof F  isthat it provides the
agent with atradeoff. A more aggressive policy (ahigh bid or low reserve) improvesthe
odds of success but reduces the agent’ s potentia payoff. A conservative policy improves

potential net cash flow but decreases the odds of success.
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Density and Probability Functions For Auction Market
FIGURE 2

We have congtructed F using an iterative method smilar to that used to estimate
the share price dynamics in the competitive modd. We first estimated the high bid price
and low reserve price from many smulations and constructed anorma distribution
around that expectation (Figure 2). Since the probability of acertain bid price being
successful is the probability thet it is higher than the lowest reserve price, we recognized
that F , issmply the cumulaive of the reserve price density function. Conversdly, F
is 1 minus the cumulative of the bid price dendty function. Anexampleof F , aswell as
the bid and reserve price dendty functions, for a corn price of $2.40/bu. and an ethanol
price of $1.50/gdl. is shown in Figure 2.

The second implication of the auction market-cearing mechanism is thet the
actua price received by a successful sdller depends upon which buyer purchases her
shares. In thismodd, the metching of buyers and sdlersis determined by a“randomized
rationing rule,” which saysthat each of the successful sdllers has an equd probability of
being matched with any one of the successful buyers.  This method greetly smplifies the
model? but, fortunately, since the range of successful bid and reservation pricesin our
smulationsis rdaively narrow the choice of matching rule does not significantly dter
the results,

However, since the share price a sdller actudly receives depends on the buyer to

whom she is matched, she must hold an expectation of the price which is afunction of

2 Consider an auction where the lowest reserve price is matched with the highest bid. In this case, the
sellers have an incentive to lower their reservesin order to increase the expected price they will receive.
This greatly complicates the model and may be impossible to solvein this setting. (Casson, 1993)

14



her reserve price. In our modd, each sdler does this by firgt forming an expectation of
the highest bid price (see Figure 2). Thisdigtribution is then truncated from below by the
sdller’ sreserve price (Snce she cannot receive any price below her reserve price) and an
expectation is caculated.

The Bdlman equation in the auction problem reflectstheimpact of F and the
uncertainty over asdler’sshareprice.  In the auction mode, the payoff is aweighted

average of the value of a successful bid and an unsuccesstul bid:
. _ 1 1 . U
W(SH', SP,P) = F{EU(P)[+—EW(SH', SP,P+dP)ly+
( )=max FIEU(P)]+ o - EW( Y
1- FYEU(P o0+ ——EW(SH P+ dP)y
1 1+r %

The auction problem is further complicated in the years prior to the cooperative' s
formation because the share price is set by the cooperative rather than chosen by the

agent. Inthat Stuation, the agents solve:
mex | EJu(P _)]+iE[W(SH' >, p+dP)Y
SH' T SD:SP 1+r ) b g

subject to the constraints of Equation 2
The net cash flow in the current year is determined by the number of shares the agent

decides to purchase, the expected State, and the share price that the cooperative has s,

SP . The continuation value is the discounted vaue function determined by solving the
Bdlman equation. In other words, the agent splices together a dynamic programming
problem of two control variables with a maximization problem of a single control
varidble.

Again, abrief discussion of the agent’s optimal policy ishdpful. Figure3, the

counterpart to Figure 1, shows the investment thresholds for two medium sized investors
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in an auction market who vary only by their leve of risk averson.  Just asinthe

competitive market, there are many states (although fewer than in the competitive model)
where the agent’ s optima policy isto invest in an unprofitable cooperative. However, in
the auction setting the agent with a higher level of risk averson nearly aways has alower

investment threshold than the lessrisk averse agent.

INVESTMENT THRESHOLDS FOR AGENTS WITH DIFFERENT RISK AVERSION
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Figure 4 plots the optimal policy of the same two agents, but instead of an
investment threshold it shows the optima quantities and share prices that would be
submitted to the auctioneer over arange of ethanal prices. Thisfigure shows that the
optimal price, whether abid or areserve price, isincreasing in the ethanal price when the
corn priceisfixed. Asthe ethanol priceincreases it forces abuyer to bid ahigher pricein
order to improve his chances of success. Higher ethanol prices dso dlow asdler to

submit a higher reserve price to improve her expected net cash flow without

16



compromising her chances of success. Figure 4 dso showsthat ahighly risk averse
buyer will offset his need to submit a higher bid price by bidding for fewer shares than

hislessrisk averse counterpart.
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Perhaps more importantly, Figure 4 illustrates one of the problems posed by
trading with an auction mechanism. It shows that over the range of ethanol pricesfrom
about $1.40 to $1.60, the highly risk averse agent is a buyer and the dightly risk averse
agent isasdller. However, no trade will occur because the seller’ sreserve priceis dways
higher than the buyer’ sbid price. In fact, we have found that for every type of agent
there is a discontinuity between the bid price function and the reserve price function, with
the reserve price function being higher on its right hand endpoint than the bid price
functionis a itsleft hand endpoint. This makesit difficult to find competible buyers and
slers and asareault it is possible to have both buyers and sdllers in the market but no

trading.
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This problem results in asgnificant reduction in trading volume and illudtrates
the very red possibility that an agent will be unable to execute an optimal trade. The fear
that a member will eventudly be unable to sall his sharesisimportant because it hasthe
effect of difling the initid demand for NGC stock. A risk-averse investor, who is unsure
whether he will be ableto resdl his shares, will compensate for this possibility by
purchasing fewer shares to begin with. When dl investors act thisway, aggregate
demand for the NGC stock is reduced. In the next section, thisissue will be made more
concrete.

C. The Problem When The Agent IsAn IOF

The problem of the investor-oriented firm is very much like that of an agentina
competitive-type cooperative. The |OF, which we assume to be risk-neutral, maximizes
the discounted sum of expected net cash flow (Equation 3) over an infinite planning
horizon by choosing the optimd leve of invesment, SH'. We assume the |OF is myopic
and ignores the possibility of a NGC preemptively building an ethanol plant. Asaresult,
the IOF s“share price’ is non-stochastic and equal to the cost, per bushel of corn
processed, of building the plant. We assumethat if the IOF wants to divest itsdf from
the plant it could sl the building and equipment for gpproximatdy 15% of its origina
vaue. Findly, for purposes of comparison with the cooperative formation thresholds, we
assume that processing cogts (CAC) are the same for both the |OF and the cooperative.

With these modifications, the |OF s optimd palicy isfound by usng numerica
methods to solve the genera recursive problem (Equation 2). The control variable in the

IOF s problem ishinary so that SH' = total bushels of corn processed if the |OF chooses

toinvest and SH'= 0 if it does not. However, Since we have assumed risk neutrdity, the
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|OF s optimal policy would be to ether invest as much as possible or invest nothing even
if we did not impaose this condraint.
V. MARKET SIMULATION MODELS

A. Competitive Market

After identifying an investor population and ethanol plant capacity, we were able
to cdculate the cooperative s formation threshold by evauating the demand for shares a
various ethanol price/ corn price combinations for each agent in the investor population.
At each State, we concluded that the cooperative would form if the aggregate demand for
shares was greater than or equa to 65,000 (13 million times 0.005). The investment
threshold for a cooperative which trades its shares in a competitive manner isshown in
Figure 5.

The mogt driking result is that the cooperative will form even when the traditiond
net present vaue rule suggests investment would be unwise. The area above the
formation threshold and below the net present vaue line represent ethanal price/ corn
price combinations where the expected net present value of a cooperative shareisless
than the $3.75 share price. In fact, most of this area represents states that result in a
sngle period loss for the cooperative but which are favorable for cooperative formation,
nonetheless.

The reason the cooperative s investment threshold is below the NPV threshold
should be gpparent from our earlier discussion of the agent’s problem. Figure 1 tdlsus

that each potentid investor demands shares in the cooperative as arisk
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management tool even if immediate losses are expected. Since total demand for
cooperdive sharesis merely an aggregate of the demand of individud investor demand, it
is not surprising that the cooperative could conceivably form over a broad range of
seemingly unfavorable states.

Asapractica matter, for a cooperative s shares to be traded in a competitive
manner there would need to be alarge, heterogeneous membership and an efficient
mechanism for members to learn and share information. Thisis unlikdly to be aredligtic

assumption. However, there are il very good reasons for studying the competitive case.
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Firt, the cooperative s formation threshold has implications for producer welfare.
Our modd of investment in a competitive-type cooperative assumes agents are able to
exercise thar optimd policy. Therefore, each state above the threshold is one where the
existence of a cooperative improves the utility of its members. The presence of aNGC
may aso increase loca corn prices (Zeuli, 1998) and improve the welfare of non-
members. Even if aNGC has a neutrd impact on the welfare of non-members, forming a
cooperdive a states above the threshold results in a Pareto improvement for the
population of investors. Using this concept of welfare, rather than cooperative
profitability, as a measure of cooperative success suggests that NGC's may have more
vaue to producers than what is revedled on a baance sheet. Specificdly, these results
show thet it is entirely rationa for producers to form a NGC even when the cooperative
promises immediate losses or if the gpplication of the NPV rule suggests investment
would be unwise.

Second, thismodel provides a basdline upon which to judge cooperatives that use
other market mechanisms. If a cooperative using a discriminatory auction stock trading
mechanism, for example, forms over a different range of states we can conclude that form
of cooperative ether failsto capture potentia welfare gains (if it forms over amore
limited range of states) or that it causes membersto suffer welfare losses (if it forms over
abroader range of dates). We will discuss this welfare comparison in more detail in the
final section of this paper.

B. Auction Market

To determine the formation threshold for a cooperative using an auction trading

mechanism, we used the same population of hypothetica producers and the same

21



parameters for the ethanol plant as we did in the competitive market example. Figure 6

shows the threshold as a function of the ethanol and corn prices. Again, we find thet a

cooperative usng an auction trading mechanism can form even when the NPV rule

suggedtsit should not.
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Comparison of Organizational Structures

There are anumber of reasons why a comparison of formation thresholdsis

important. Comparing cooperative thresholdsis a ussful measure of how effective a

certain type of cooperative is a capturing the potential welfare gains promised by a
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processing cooperative. Our modd can, therefore, be a useful tool in designing efficient
cooperative trading mechanisms. In addition, a comparison of formation thresholds can
have practicd gpplication for policymakers. A “low” investment threshold implies more
opportunities for cooperatives to organize. Understanding the conditions that change
investment thresholds can be useful when cooperative advocates suggest policiesto
promote cooperative devel opment.

Figure 7 shows the investment thresholds for the competitive-type cooperative,
the auction-type cooperative, and the investor-owned firm. We find that the threshold for
the auction-type NGC is higher than the threshold for the competitive-type cooperative.
In addition, the investment threshold for the IOF is Sgnificantly higher than both of the
cooperative thresholds. There are sound reasons why this should be the case.

A hdpful way of analyzing these thresholds is to examine their relationship to the
NPV line. The net present vaue rule says that investment should occur when the
discounted expected vaue of the investment exceedsits cost. Dixit and Pindyck (1994)
show that under normal circumstances the threshold for arisk-neutra investor should be
higher than the NPV line because there is a positive val ue associated with waiting for
uncertainty to beresolved. By investing, an agent gives up the option of waiting. In
order to compensate for the loss of the option to wait an agent will demand that the
investment be more vauable than if the option of waiting did not exist. We see that the
|OF sinvestment threshold conformsto thisrule. The reason the cooperative thresholds
are beow the NPV line is because the cooperative s benefit to its members as arisk

management tool outweighs the value of waiting. Since the |OF in our model does not
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care about risk management but is concerned only about its expected profit, its threshold

will never fal below the NPV line.
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A cooperative s vaue as arisk management tool does not imply that its
investment threshold will dwaysfal below the NPV line, or even that it will dwaysfal
below the IOF sthreshold. The thresholds of individua agents rise asthe leved of their
investment rises. In our modd, the number of agents relative to the number of
cooperdive shares avalable is sufficiently large to permit agents to invest smdl amounts.
Consequently, they are willing to purchase shares under less favorable conditions.
However, if the number of potentid investors were smdl relative to the number of shares

outstanding, the individua thresholds would rise and the cooperative threshold would
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subsequently rise. The magnitude of the shift in the investment threshold would depend
on how the change in plant size affected the price dynamics and probability functions.

Another reason the IOF s threshold is higher is because the gap between the
IOF s cost of condtruction and the salvage vaue adds an eement of irreversibility to the
IOF s problem that is not present in the cooperative' s problem. Since we reasonably
assume an 10OF cannot sdll an active plant but must instead sl its equipment for the
sdvage vaue, the IOF has an incentive to wait and invest only when the prospects of
long term profitability are good. While the decison to shut down a member-owned
ethanol plant is equaly expensive, thisfact tendsto belot a the individua level. If a
member chooses to disnvest in the cooperative he cannot, by himsdf, cause the plant to
close. Ingtead, he sdlls his shares to another producer. Therefore, acooperative
member’ s disnvestment decision is based upon his expectation of the share price he will
receive under the rdevant trading mechanism and not the plant’'s sdlvage vdue. This
difference tends to make cooperative members perceive their invesment decison as
more reversible than an investor-owned firm would.

Thus far, we have not explained why the auction threshold is higher than the
competitive market threshold. Our findings reved two reasons why thisisthe case.
Firgt, agents fear that they may have adifficult time resdlling shares in the auction setting
and this causes them to scale back the size of their initid investments. Aswe explained
ealier, arisk-averse investor redizes he may ultimately need to submit areatively low
reserve price in order to improve his odds of successfully sdlling his shares. It isoptima

for him to compensate for this possbility by holding fewer shares. Therefore, in order to
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lure investors to buy enough shares for the cooperative to form, the cooperative must
promise greater profitability that it would if the stock’ s liquidity were more secure.

A second reason an auction-type cooperative has a higher investment threshold is
because discriminatory auctions create incentives for agentsto “shade’ their bids. (Nautz

(1995), and Nautz and Wolfstetter (1997)). Figure 8 illustrates this point. It showsthe
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optimal quantity and price for asmal agent in an auction setting who owns 5000 shares
in the cooperative. The solid line in the bottom graph shows the agent’ s optima bid price
and the dotted line shows the price the same agent would be willing to pay for his optima
quantity in a competitive market. We seethat it is optima for the agent to underdate his
true willingness to pay for shares a every sate represented in the graph.  Intuitively, bid
shading occurs because a buyer’ s optima action isto bid as low as possible without
dipping below the stop-out price. A bid above the stop-out price, while it may be closer

to the agent’ s true value, only increases the cost of acquiring shares. When agents bid
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below their true value, however, it is possible that shares will not be sold to investors
who, in truth, would have been willing to pay for them This cregtes an inefficiency in
the market that prevents gains from trade from being redlized.

The fact that the auction-type cooperative s threshold is higher than that of the
competitive-type cooperative suggests that a cooperative usng an auction mechanism to
trade its shares falls to capture al of the potentid welfare gains for its members. The
area above the competitive threshold and bel ow the auction threshold represents a set of
states where an auction-type cooperative, if it had a more efficient trading mechanism,
could be improving member welfare. However, due to bid-shading and the fear of stock
illiquidity the auction-type cooperative does not form and investors are left without a
potentialy vauable risk management tool.

D. Member ship Distribution

While we have concentrated on the formation thresholds for the three different
types of organization, our market smulations dso alow usto examine the long-run
distribution of sharesin the two types of cooperatives. The following table summarizes
the average share holdings for a 65,000 share cooperative organized by agent
characteristic and cooperative type. These averages where obtained from the results of
ten different ten-year amulations.

We have found substantia differencesin the distribution of sharesin the two
types of cooperatives. Both types of cooperatives end up with a disproportionately high
percentage of large agents, but the competitive-type cooperative much more so than the
auction-type cooperdtive. The competitive-type cooperdtive strongly favors agents who

are near the ethanol plant, but the auction-type cooperative ends up with members who
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are geographicaly digributed much more like the genera population. Findly, the

competitive-type cooperative islikely to have memberswith low levels of risk averson

Agent Type Overall Percentageln Percentageln
PercentagelIn A NGC Using A NGC Using
ThePopulation | A Competitive An Auction
Trading Trading
M echanism M echanism
Large 9 44 19
Medium 24 37 24
Small 67 19 57
Near 24 61 31
Far 76 39 69
Highly Risk 50 27 69
Averse
Slightly Risk 50 73 31
Averse

Distribution Of Cooperative Members
Table 1

while the auction-type cooperative is likely to have memberswith high levels of risk
averson. Despite these differences, the type of agent who is likely to be the biggest
shareholder in both types of cooperative at the end of aten year period isalarge, near,
dightly risk-averse agent.

The digtribution of shareholdersin the competitive-type cooperativeis

predictable. The agent characterigtics that result in the greatest demand for shares are
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large sSize, nearness to the cooperative, and alow leve of risk aversion. In fact, the
shareholdersin the competitive cooperative are distributed in exactly this manner.

However, the distribution in the auction-type cooperative islessintuitive. Thisis
because an agent’ s risk aversion isthe factor driving his success or failure in the auction
setting. Aswe showed in Figure 4, a highly risk averse agent tends to submit amore
aggressive bid price when he is a buyer but aless aggressive reserve price when heisa
sler. The other characterigtics, farm size and distance from the cooperative, impact only
the quantity submitted to the auctioneer. These characteristics tend not to be good
predictors of who will own shares because an agent’ s success in an auction is determined
soldy by the price submitted. Asaresult, the shareholdersin an auction-type
cooperative are disproportionately highly risk averse while the other characterigtics of the
cooperative' s membership track more closaly with the investor population asawhole.
V. CONCLUSIONS

We have found that usng a dynamic, agent-based modd of a member-owned
business can help explain differencesin behavior between member-owned and investor-
owned firms. Using a new generation ethanol cooperative as an example, we find:

Member owned firmswill form in conditions where an investor owned firm
would nat.

Over arange of corn price/ ethanol price combinations, including many that
would result in aNGC redlizing a negative profit, the existence of a cooperative
improvesthe utility of investors.

A NGC that chooses to trade its shares through an auction mechanism will face a
higher invesment threshold than if a competitive market for the shares existed.
This suggests that employing a discriminatory auction trading mechanism causes

a cooperative to miss out on opportunities to improve member wefare.

A NGC that uses a compstitive trading mechanism s likely to end up with a
membership dominated by large agents with low levels of risk averson who are
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located near the ethanol plant. NGC's using adiscriminatory auction mechanism,
however, are likely to be dominated by highly risk-averse investors.

While the rdative entry thresholds of the investor-owned firm and member-
owned firmsin our paper are important, there are other equaly important issues that need
to be examined. Cooperatives can use trading mechanisms other than auctions.  They
may aso use different types of auctions, such as competitive auctions. We intend to
explore some of these other structures to determine if entry thresholds change
ggnificantly and to compare the welfare implications of the structural choices made by
cooperative management. |n addition, we are currently working on finding the exit
thresholds for IOF s and cooperatives with the hope that thiswill shed light on the issue

of takeovers of ethanol plants.
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