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Abstract

We compare the experience with collusion in the market fsinly with the predictions
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integral aspects of collusion in the lysine market are negadtely addressed in the liter-
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issues are likely to have much wider applicability beyonal lffsine market.
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1 Introduction

Economic theory admits a spectrum of predictions of caglHviour, depending on the specific
modelling assumptions employéd-his paper examines the recent history of collusion in the
lysine market, in which it is known that collusion took pladéescussing the ability of available
models of collusion to replicate the observed dynamics @htlarket.

By October 1996, the major participants in the market fomlgshad confessed to fixing
prices. From the proceedings of the various anti-trustg;ataa on lysine prices and quantities
as well as the marginal costs of one of the participants agadle over the period of conspir-
acy. This makes the market for lysine an ideal test case fatetsmf collusion. In addition,
the history of collusion is a particularly interesting omgth the substantial entry of Archer
Daniels Midland (ADM) and two dramatic price wars. The homogous nature of the product
also greatly simplifies the analysis.

If the operating environment of the lysine cartel does notcmaip well with common
modelling assumptions, then our test is a difficult one fdluston models to pass. We could
equally consider the exercise in terms of two interrelatedstjons. First, does the cartel's
environment match closely with typical modelling assumpsi? Second, do the predictions of
theory match the empirical observations in the lysine m&rk&ur examination thus combines
a test of the predictions of collusion models with a test oéthler the key features of the lysine
market match factors identified as important in the literatu

The exercise reveals that the observed dynamics of theelgsiriel departed markedly from
the predictions of theory in several respects. In partictie nature of the price wars departed
from those commonly examined in the literature; the levéhefmarkup of prices over marginal
costs during phases of collusion was much lower than we meag Bapected; and cheating
on the cartel agreement was observed or at least stronghestiesl. Substantial divergences
between the lysine cartel environment and modelling assomgcommonly adopted appear to
underly these differences. Key features of the lysine tarteronment include heterogeneity
in firm characteristics and information sets; dramaticatesh in market structure due to entry
and investment; and an evolving cartel operating mechanism

Section 2 outlines some background information on the nidokdysine. This includes a
discussion of the salient features of the market and theryistf the operation of the lysine
cartel. Section 3 relates the operating environment of éneekto a selection of the collusion
literature. In Section 4, models of lysine demand and cagtslscussed. Based on demand
and cost estimates, section 5 compares the behaviour ofgHeup of a major lysine producer
to that predicted by different models of collusion and dssas alternative explanations for key
events in the lysine market. Finally, concluding remarlesaifered in section 6.

1See Pearce (1992) for a survey of cooperation in repeatedgyahsymmetric and asymmetric information.



2 The Lysine Market?

Lysine is an essential amino acid for the lean muscle dewséop of hogs and poultyBeing a
chemical compound, lysine is as close as we get to a homogsepeoduct. Farmers can obtain
the required nutrients either through the use of soybeaih mrdhrough the combination of corn
and lysine. Manufacturers of animal feeds account for thie diuysine demand. Wholesalers
of farm supplies and individual farmers also purchase somsi@é. Industry experts suggest
that there are no substantial costs involved in switching/een these two nutrient sources. The
shadow price of the alternative feed source (henceforttc#igng price”) can be approximated
by a weighted average of corn and soybean meal prices. Irethand estimation results below,
we will characterise demand as being relatively inelastic.

Firms face capacity constraints. There is a great deal @rbgéneity in firm capacities,
locations, and costs. On the surface, prospective entagpisar to face substantial entry bar-
riers. There are patents on the lysine production proceasesbuilding a lysine plant takes
two to three years and entails large initial sunk costs. @nater hand, some small scale
entry occurred during the life of the cartel, two other firmsrevplanning to enter the market
until ADM’s dramatic entry, and large scale entry occurré@rathe cartel was dissolved. In
addition, the switching of capacity between the productbmlifferent amino acids appears
possible, although the costs to doing so are not knbwn.

Prices and volumes of lysine suppliers are not directly otagde, although we shall argue
that the cartel made efforts to compel disclosure. As wd dleatribe below, there was a great
deal of uncertainty about costs and capacities of rival fiartbe time of ADM’s entry, but the
extent of uncertainty diminished over time.

While firms did negotiate prices with all major buyers, it gt lear that price represents
the appropriate strategic variable of choice. The exigefccapacity constraints and other
adjustment costs in production suggests that quantitydcalgo be considered the strategic
choice variable. Contracts of most large buyers specifiedi@nvolumes and contained 30-
day price protection clauses. Given the global nature ot#ntel, we might also presume that
advertising and distribution contributed to adjustmestsan output. However, for the majority
of the period under consideration, firms held excess capacit

By the 1960s, Japanese biotechnology firms had discoveradtarkal fermentation tech-
nique that transformed the production of lysine. It invaltiee fermentation of dextrose into ly-
sine and is considerably cheaper than conventional exiractethods. Throughout the 1980s,
Asian firms imported large quantities of dextrose from th8.l&nd exported lysine back to the
U.S. The first U.S. based lysine plants were built in the n88ds. By the end of the 1980s,
there were three major players in the lysine market: Ajintorend Kyowa Hakko based in
Japan; and Sewon based in South Korea. The U.S. market wakesupy Ajinomoto’s and

2This section draws heavily on work done by Connor (1998, 28001a), where a detailed description of the
evolution of the lysine conspiracy can be found.

3|t is also important for the development of fish, but this caocant for only a small fraction of the demand
for synthetic lysine in the United States.

4As Connor (2000, p. 29) notes, at least two Asian plants weeg to produce both lysine and MSG. In
addition, Ajinomoto was able to switch an MSG plant into hesproduction.



Figure 1. U.S. Lysine Production Capacity
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Kyowa’s U.S. plants, their imports from Japan, Mexico anaee, and Sewon’s South Korean
plant. Testimony by officials at Ajinomoto suggests thatlireene industry fixed prices in its
early history? Figure 1 depicts the evolution of rated lysine productiopazity in the U.S

In 1988, ADM acquireda fermentation technique for lysine and, observed by itgrirent
rivals, began production of the world’s largest lysine dagtin 1989. ADM'’s plant began
production in February 1991, precipitating a severe priee Whis can be seen in Figure 2,
which depicts the evolution of lysine prices and the ceilpmige dating from before ADM’s
entry to after the cessation of the cafteCompeting explanations for this price war and other
major events will be discussed in Section 5.

During the price war, Ajinomoto and Kyowa Hakko tried unsessfully to raise prices
several times. Subsequently, ADM suggested the formati@nlysine trade association. The
trade association was to be a facade for discussions of sieelyartel. The first meeting,
attended by Ajinomoto, Kyowa Hakko, and ADM, took place imgui992. Sewon and Cheill

5Connor (2001a, pp. 6-7) notes that price-fixing had occuimetipan (in the early 1970s and late 1980s),
Europe, and the United States (in the period 1986-1990) fwiADM'’s entry.

5The data in Figure 1 is derived from Tables 2 and 6 in Conno®$).9The zero capacities depicted in 1983,
1985, and 1987 indicate missing data. Rated capacity refeélee maximum production of the plant as specified
by the plant owner. Its calculation is based on a fixed weegbrating time (e.g. weekdays for a specified period).
Hence, there are two main sources of uncertainty for rivaidir capacity does not describe how much could
actually be produced if the firm operated the plant full tiMied@ys a week, 24 hours a day); and the firm could
strategically misrepresent capacity.

"It has been suggested that ADM’s production technology naarg heen stolen rather than purchased (Connor,
2001a). Ajinomoto sued ADM for patent infringement relatedhe production of lysine and threonine (another
amino acid), successfully in the case of threonine.

8Data sources for Figure 2 are discussed in Section 4.2 ahe igpendix.

4



Figure 2: Lysine and Ceiling Prices
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Jedang, an Indonesian firm that also began production in, &% subsequent participants.
Following the meeting, prices rose, but by less than enedad the meeting. There is some
disagreement about both the time period over which thelagperated and its contribution to
this price ris€? Alternative, competitive explanations for the price riselide movements in
the ceiling price, and demand seasonality (colder tempeaitend to require higher feed use).
Movements in the ceiling price do not seem, by themselvestisfactory explanation of the
lysine price rise because the ceiling price was considgrabve the lysine price at the time.
The demand results, below, do not suggest a major role fapsaafactors.

A second price war began early in 1993, and was resolvedghrdiscussions between the
participants later that year. Prices rose from a troughaaaging $0.60 per pound to plateau at
about $1.10-$1.20, where they would stay for the majoritthefcartel’s remaining operations.
This appears to be the most successful phase of the carfeinn1995, the FBI simultaneously
raided the headquarters of the participating firms. Priceevialling at the time, perhaps in
response to a drop in the ceiling price, but actually rosesagbently. In July 1997 Degussa
and Cargill, two large biotechnology firms, announced atjeenture with a large scale plant
in Nebraska originally due for production in 1999.

There were two distinct phases of the cartel. The first begémtive first meeting of the
lysine association and ended with the onset of a price wainBthis period, there were regular
meetings of the participants. However, no consensus wabedaon the operating mechanism
of the cartel. Price targets were set, commencing in Jul\2188t market shares were not

9See Connor (2001a) and White (2001) for alternative viewthese issues.

10According to a Cargill press release of September 20, 20@@jystion actually commenced in late June,
2000.



allocated. ADM favoured an allocation of global volume cqagwith independent auditing of
sales volumes. Sewon initially favoured a price agreenteven once a volume allocation was
later agreed to, Ajinomoto and Sewon preferred an allooatioregional monopolies instead
of global volume quotas' There was little cooperation in the monitoring of membeesal
and prices. There appeared to be considerable uncertdotyt avals’ costs and capacities
during this period. Capacities tended to be overstated asts cinderstated. ADM ultimately
conducted tours of its plant in June 1992 for Sewon and inlA®93 for Ajinomoto. Finally,
there was widespread suspicion of cheatfifig.

By contrast, the second phase of the cartel, beginning @183 and concluding with
the FBI raid in June 1995, was characterised by consideldabl/uncertainty. A system of
global volume quotas was agreed to, loosely based on currarket shares. There were no re-
gional quotas. Monthly scorecards were prepared and disdu quarterly meetings, based on
reported sales volumes of each firm. To verify reported salksmes, international trade sta-
tistics were available. Moreover, it appears that exteanditors were used to help enforce the
volume agreements, although cartel members may have stmbpiute sales from the auditors
(Connor, 2001b).There also seemed less uncertainty aivalg’ Icosts and capacities. Finally,
a compensation scheme involving intra-cartel sales opeffatr those firms not achieving their
designated quotas. That is, a firm that did not meet its saletador the year was permitted
to sell the remainder to any firms exceeding their quotas) sates taking place at the agreed
cartel price3

We could therefore characterise the cartel environmerdlbimsifs. Heterogeneous (in terms
of costs, capacities, and locations) firms operated in thr&ehfor a homogeneous product with
an inelastic demand, constrained by the availability oftar@substitute. Entry and investment
played a dramatic role in the evolution of the cartel. Firmmmunicated explicitly at cartel
meetings, but were unable to directly observe rival actenms key characteristics of rivals. In
the first phase of the cartel, price targets were agreed tohére were no quantity allocations,
monitoring was informal and uncoordinated, and unceryaivds unresolved. In the second
phase of the cartel, volume quotas were adopted, a morgtargchanism was implemented,
characteristics of rivals were substantially learned, acdmpensation scheme was instituted.
The different character of the two phases suggests a patexplanation for their relative
success in sustaining cooperation among participantsfirsi@hase broke down abruptly into
a price war, while the second phase encompassed a sustained pf stable collusive prices,
interrupted only by the intervention of the anti-trust arthes.

There were at least two potential problems in allocatingoreg monopolies. First, there were considerable
divergences in the growth rates of different regions, mgkiire allocation a contentious one. Second, dividing the
market in this way may have alerted customers or the antutborities to the cartel (Connor, 2001b).

12This is documented in Connor (2000, 2001b). The majorityonierns appear to have arisen in the first phase
of the cartel before volume allocations were agreed to amidsed monitoring was implemented, although some
concerns persisted into the second phase.

13This scheme removes the incentive to secretly cut pricesiged monitoring and enforcement of output
guotas is adequate. However, the consequences of a syistbneaich of the cartel agreement remain unclear.



3 Models of Collusion

In this section, we will briefly characterise some prominaotels of collusion, outlining some
of the empirical predictions, and contrasting their mddgllassumptions with the operating
environment of the lysine cartel.

It is well established that repeated interaction betweensfican foster cooperative behav-
iour through a regime of punishments and rewards. Commoahards for cooperation take
the form of more restrictive output and higher attendanfigsowhile punishments include
temporary or permanent reversion to the Cournot-Nash iequiin or minimaxing deviating
firms14 Once we allow for the possibility that firms cannot perfectipnitor the behaviour
of their competitors, the character of cooperative egudibhanges. Green and Porter (1984)
(hereafter, GP) demonstrate that price wars can be obsenvét equilibrium path if demand
is stochastic and firms are unable to observe the actioneofdbmpetitors. Should they en-
counter an adverse profit realisation, firms face an infergmoblem to distinguish a negative
demand shock from a deviation by a rival from the optimaleastitput. On the equilibrium
path, firms never cheat on the cartel agreement, but in codeaintain adequate incentives for
cooperation, punishment takes place whenever a negatwarteshock occurs. Abreu, Pearce
and Stachetti (1986) (hereafter, APS) generalise the nadd&P, characterising optimal collu-
sive equilibria. Both models predict that a firm’s mark-ugomarginal costs will follow a step
function, given by a punishment mark-up in non-cooperapgegods, and a higher mark-up,
approaching the monopolistic mark-up, in cooperativequeri However, under APS both the
reward and punishment phases will be more extreme thandabeiterparts in GP.

Rotemberg and Saloner (1986) demonstrate that the inttioduaf demand variation can
lead to price wars, even when monitoring is perfect. In theadel, each period i.i.d. demand
shocks are observed by participating firms before pricesare The maximum sustainable
collusive price is found to be lower in peak demand periodsabse the benefits to cheating
are increased, while the expected returns to collusion @aéected. Price wars do not reflect
punishment, but a recognition that a lesser degree of eoliusan be sustained. Introducing
persistence in demand variation, Haltiwanger and Hammm@1991) find that collusive prices
are higher in times of rising demand, while Bagwell and Sa{997) find that collusive prices
are procyclical.

Uncertainty about costs and capacities of rivals playedrgrortant role in the lysine cartel,
and a number of authors have examined a cartel’s problenr godeuncertainty. Cramton and
Palfrey (1990) and Kihlstrom and Vives (1992) examine thabpm of cartel design when firms
have private cost information, but are able to communicateraake side payments. Cramton
and Palfrey (1990) show that efficient collusion is attalaab which the lowest cost firm is
allocated full production and the monopoly price is set. ldegr, a majority voting rule is
adopted, in which the most efficient firm would in fact prefet to participate. If unanimity is
required, efficient collusion is unattainable if there arffisiently many firms in the cartel.

Athey and Bagwell (2001) examine collusion in the preserige.d. private cost informa-
tion, observable actions, and the possibility of future ketishare favours. They find that if

14See Friedman (1971) on the use of Cournot-Nash threats éocendollusive equilibria, and Abreu (1986) on
the use of “stick and carrot” incentive schemes to genesdtemal collusive equilibria.
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firms are sufficiently patient an optimal level of collusicandbe supported without recourse to
price wars. Indeed, if perfect collusion cannot be achigefieds prefer to sacrifice productive
efficiency rather than cut prices. If firms can communicatg,dannot make side-payments,
the incentive to communicate costs truthfully is providgdhe granting of future market share
favours. Athey, Bagwell and Sanchirico (2004) considenailar context, but restrict attention
to symmetric equilibria in which future market share favware unavailable. They find that if
firms are sufficiently patient, collusion can be sustaineithouit the need for price wars. How-
ever, all firms in the cartel charge the same price regardlaseir cost, implying that the cartel
sacrifices productive efficiency. The empirical implicas®f the two models differ: Athey and
Bagwell (2001) predict a negative correlation between a’dimmarket share over time, while
Atheyet al. (2004) predict fixed market shares.

Slade (1990) also examines collusion with private costlshiaad observable actions, argu-
ing that price wars are possible. According to Slade, sirnpteot and stick strategies may be
incapable of preventing cheating if particularly favoueabost conditions are observéd By
contrast, Atheyet al. (2004) argue that price wars are unnecessary in equilipriwnrather
that, if firms are not overly patient, equilibrium strateg@ictate that firms with especially
favourable cost shocks are afforded a temporary escapgeclaiset a lower price.

In a recent working paper, Athey and Bagwell (2004) exterdr tharlier work to consider
a cartel’'s problem in the presence of persistent hidden ioéstmation, while maintaining
observable actions, communication, and side paymentseirfioiti of market share favours.
They find that a pooling equilibrium in which all firms chardeestsame price and share the
market equally is optimal (in an ex ante sense) if firms arécsently patient and costs are
almost perfectly persistent. Interestingly, they alsmtdg equilibria in which a signaling phase
reveals cost types in advance of the determination of matkates and prices, and identify
circumstances in which such equilibria may dominate thdipgequilibria. We shall briefly
return to this issue in section 5.4.

Athey and Bagwell (2004) capture several important elemehthe lysine cartel. Uncer-
tainty about persistent cost asymmetries played an impiortde in the lysine cartel, firms
communicated regularly, and the cartel’'s compensatioarsetappears to resemble the market
share favours adopted by Athey and Bagwell (2001, 2004).d¥evw the compensation scheme
may actually be quite different in motivation. Athey and Beadj’'s market share favours pro-
vide the incentives to truthfully report costs in order thiawe productive efficiency. The lysine
compensation scheme instead appears to be an attempt tearémeancentives for cheating and
avoid the costly and contentious exercise of devising cgsmbe penalties for firms breaching
their quotas. That is, the scheme was simply a part of theesrfrent mechanism for the agreed
volume quotas. With the scheme in place and a sound morgteegimen, firms knew exactly
how they would be punished for breaching their allotmiérithe scheme could therefore con-
tribute to productive efficiency by permitting market stsi@fluctuate within the year (but only

ISHowever, as Slade notes, given that such cheating is pafied$pecification of equilibrium strategies, it is
unclear that cheating is the correct interpretation.

18Note that resorting to the scheme was indeed a punishmeamtised stipulated that transactions would occur
at agreed cartel prices, while offending firms may have sdluer prices. However, if firms refused to participate
in the scheme ex post, the precise repercussions are unclear



to the same extent that an annual volume agreement would)dbigmot between years. In
practice, firms were very good at meeting their quotas, withecourse to the schemeé This
means either that firms were at pains to avoid using the scf@n@ertemporal market share
variation, or that there were no major firm-specific shocksducartel operation.

The preceding models of collusion presume a fixed markettstrelin evaluating the prospects
for collusion. However, entry and investment played a @umle in the lysine cartel. More
generally, we might expect a feedback relationship betwearket structure and firm behav-
iour. Fershtman and Pakes (2000) develop a model in whicls fivith heterogeneous product
guality explicitly consider the impact of their decisionwhether to collude on the entry, exit,
and investment decisions of incumbents and potential cttope It is found that collusion is
particularly hard to sustain if one of the firms is likely tatar the near future, both because it
is difficult to punish such a firm, and because exit can be hadtby predatory behaviour. Fer-
shtman and Pakes assume that the terms of the collusivenagmeare determined by a static
Nash bargaining game in each period. By contrast, de Ro@tj2lopts the market sharing
rule that prevailed in the lysine market, that firms maintaeir market shares throughout the
collusive agreement. Price wars result following entryhesdntrant attempts to build up market
share in advance of a collusive agreement. Allowing for thesfbility of a competitive fringe
operating outside the cartel, de Roos (2001) finds that efdgs not immediately induce a
price war. However, a cartel may be gradually worn down asémaet grows into a substantial
competitor.

4 Lysine Demand and Cost

This section contains two empirical exercises that informfarther discussion. First, we use
lysine price and quantity data to estimate the market denm@amigsine. The market demand
elasticity is an essential ingredient in the calculatiothefmark-up on marginal costs predicted
by theories of collusion. Second, we estimate a cost fundto ADM, allowing for learning
by doing, in order to facilitate future modelling of the Igsimarket. This exercise establishes
the existence of learning by doing, and allows us to test dretarginal costs are constant
once learning has ceased.

4.1 Specification
4.1.1 Demand

Being an essential ingredient in the diets of hogs and potitte demand for lysine is necessar-
ily a derived one. Additional explanatory variables in@utie ceiling price, determined by the
prices of corn and soybean meal; feed efficiency ratios, iwtépture the rate at which animals
transform feed into muscle development; and seasonalkfacto

Log-linear and linear demand specifications are considered

17see, for example, Connor (2001b, p. 207).



N = XB—alnk +¢ (2)
Q& = XPB-—oaR+&, (2)

whereQ; andP; denote market quantity and price in pertod; contains a vector of explanatory
variables; and; captures unobserved demand errors. The vegtimcludes a constant, a trend,
corn prices, soybean meal prices, hog inventories, breiarghter, feed efficiency ratios and
monthly dummies. In the log-linear model, logs are takenllopiace and quantity variables.
Data construction is described in the next section, whita daurces are listed in the Appendix.
The parametem determines the elasticity of demand.

The ceiling price, described previously, is intended toteegpthe shadow price of an alter-
native source of lysine. For both the log-linear and lineadsis, two alternative specifications
involving this shadow price were considered. The first ideldi the prices of lysine, corn, and
soybean meal without restriction. The second explicitigognises that corn and lysine are
used together in animal feél. A weighted average of corn and lysine prices is included to-
gether with the soybean meal price. This specification haatlvantage that the price of corn
represents a ready instrument for this weighted price.

Feed efficiency ratios describe the rate at which animafstoam feed into weight gain.
Feed efficiency ratios have improved over time as the fraafanimals that have been geneti-
cally improved to increase lysine absorption increases.sLipply of poultry has been saturated
by the genetically improved variety for some time, but thees a gradual increase in the ratio
of genetically improved hogs over the sample period. Hetineefeed efficiency ratio for hogs
is included as a potential explanatory variable. It is ssgggbthat colder temperatures neces-
sitate greater feed use. Therefore, monthly dummies weaporated to allow for demand
seasonality.

Lysine price and quantity are jointly determined by equaiid) or (2) and a supply-side
relationship dependent on the nature of competitive belaviEstimating equation (1) or (2)
by ordinary least squares could therefore lead to simuliab&as. Accordingly, equations (1)
and (2) are also estimated by instrumental variables. unsnts considered for lysine prices
include the variables contained Xy, and a vector of cross-country exchange rates between the
U.S. and countries holding major lysine plants. Bilatexal@ange rates were included for their
potential role as cost shifters for firms based oversgas.

4.1.2 Marginal costs

Cost data are available for ADM over the period July 1991 t0eJi995. ADM experienced
some production teething troubles (difficulties with egrfgduction) which appear evident on
casual inspection of these data. Consequently, a costiequlowing for the possibility of
learning by doing is examined in equation (3). Some limitadation in ADM’s U.S. lysine

18 third specification was also examined. This included thsinlg price and the ceiling price, implicitly re-
stricting soybean meal and corn prices to enter in a fixed.r&d role was found for the ceiling price. This stems
from the highly non-linear role played by the ceiling pricdysine demand.

190ther cost shifters considered as instruments include watgs and the price of dextrose. These were not
useful instruments as there was little variation in eithages or available list prices of dextrose over the sample.
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production capacity is exhibited over the sample. Theeefto allow for the possibility that
marginal costs rise as the lysine plant approaches its tgpeapacity utilisation was adopted
rather than quantity as the explanatory varigle.

MC (ki i) = oK)y |1+ Age™aT0k |+ uy 3)

whereMC represents marginal costg; is the capacity utilisation of firmin periodt, andui ¢

is an unobservable, firm-specific erfdrFactor prices are omitted from equation (3) because
there is little variation in available data on relevant éagirices such as the price of dextrose and
wages. The parametetg anda capture the impact of learning by doing, with describing its
extent andh its rate of diffusion. A finding oly = 0 would imply a constant marginal cost once
learning has ceaséd.

4.2 Data

Data sources are discussed in the Appendix. Here, the cotistr of the data is discussed.
The lysine price is a weighted average of the prices chargetthé largest four firms in the
lysine market. These data are available monthly from Jgnl@80 to June 1996. Quantity data
are obtained by combining several sources. Total annuialdysales values for the four largest
firms is divided by the monthly prices to obtain a monthly ditsirseries. However, with all the
within-year variation in quantity determined by pricesstwill bias any estimates of demand
elasticity toward—1. To circumvent this problem, quantity data for ADM, avhiafrom July
1991 to June 1995 were integrated into this series. ADM’'siahbnited States market share
was almost constant for the four years for which data wadablai Hence, these data were
used in the period August 1991 to June 1995, scaled up totréf’s market share?

To calculate the ceiling price, it was assumed that 100 Ils®gibean meal was a nutritional
substitute for 97 Ibs of corn supplemented with 3 Ibs of lgsifiherefore, the ceiling price was

calculated as follows:

100P>B— 97PLom
= (4)

20An alternative formulation using quantity rather than aifyautilisation as a dependent variable was also
examined. Similar results were obtained, suggesting tieatariation in ADM’s capacity was not too substantial.
However, with this formulation, our conclusions on margjicasts are ambiguous. In particular, relative to the
results of Table 2, the LR test now rejects the hypothesis-00 at the 10% level, while the Wald test does not
reject this hypothesis at the 10% level.

2INote that in equation (3t refers to thegproductionof firm i divided by capacity, while in equations (1) and
(2), Q refers to markesales volumeProduction and sales volumes will differ if there is subtitd time variation
in the holding of inventories or the volume of exports.

22/ possible objection to equation (3) is that output and castssimultaneously determined by movements in
factor prices and shocks to the production technology. Gikat factor prices are omitted from (3), this could lead
to an endogeneity problem. However, the majority of theatarn in marginal costs appears to be due to initial
production troubles. Owing to the unavailability of valisiruments for output that are uncorrelated with the error
term, we proceed without the use of instruments.

23|t appears that in July 1991, ADM'’s production was yet to cduily online. This observation was not thought
representative of market sales and was not used.
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where PSB and PC°™ are the prices of soybean meal and corn, respectively. Thghteel
average corn and lysine price, included in some demandfgei@ns, is calculated as follows:

PV = 0.97P%°" 1+ 0.03R. (5)

Hogs are fed lysine from weaning until they are ready for gidier, usually at the age of
five to six months. To reflect the farmer’s time horizon, gedythog inventories are considered
as an explanator. Poultry are typically slaughtered betwibe ages of six and eight weeks.
Consequently, broiler slaughter data are also consideregd efficiency ratios measure the
volume of feed required to generate a given volume of finahahiweight. Hence, a decrease
in the feed efficiency ratio corresponds to an improvemeiéa efficiency. An annual feed
efficiency ratio was interpolated geometrically to form antidy series.

Exchange rates were thought to act as cost shifters for ieysoof lysine and therefore
were considered as potential instruments for prices. Mypitilateral exchange rates (in U.S.
dollars) for Japan, South Korea, Italy, France, and Indiangsre used.

On the cost side, marginal costs, fixed costs, productioth damestic sales are available
from ADM production and sales reports over the period Jug11® June 1995. Marginal costs,
expressed per unit of production, are determined prim#&mylyenergy costs and raw material
costs. They were constructed by summing reported variaigescraw material costs and a
(negligible) “by-product credit”. There is a high probatyilthat this marginal cost series is
in fact average variable costs. Therefore, based on thenegtea estimates reported below,
marginal costs could be slightly overstated. Fixed coslsaedepreciation and an allocation of
total overhead costs.

4.3 Estimation Results
4.3.1 Demand

Equations (1) and (2) were estimated by ordinary least esy&LS) and instrumental variables
(V). Insignificant seasonal dummy variables were eliméatTable 1 summarises the resdits.
The ordinary least squares and instrumental variabletseareg very similar. Two factors may
have contributed to this. First, most of the variation ircprand quantity over the sample may
have resulted from variation in firm behaviour rather thamded variation. This seems likely
given the dramatic nature of the documented price wars. Arsepossibility is that marginal
costs are almost invariant to sales, once learning hasaed$e cost results, below, tend to
support this idea. In each specification, demand appeasvedy inelastic over the sample.
This would appear to rule out the possibility of unconstedifoint profit-maximisation by the
participating firms.

The restriction that lysine and corn prices enter togethegjected. Little role can be found
for either corn or soybean meal prices if this restrictionasmade. Over the sample, the ceiling
price never dips significantly below the price of lysine (§ggure 2). This may explain why

24Similar results were obtained using a restricted samplefirchvADM quantity data was available. This
suggests that constructing quantity data by dividing ahsakes by monthly prices over the remainder of the
sample had little effect on the results.
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Table 1: Demand Resufts

Log-linear Linear
Model 1 Model 2 Model 3 Model 4
OoLS v OoLS v OoLS \Y} oLS v
Constant -2090 -21.03 -8.949 -13.9% -137.4 -121.0 -12.18 -12.24
(8.638) (9.876) (8.131) (8.786) (47.83) (60.39) (35.87) (37.84)
Trend 0.012 0.011 0.008 0.007 0.153 0.139 0.089 0.075
(0.003) (0.001) (0.002) (0.003) (0.036) (0.046) (0.035) (0.037)
Lysine price -0.738 -0.671 -11.53 -10.55
(0.140) (0.213) (2.168) (3.165)
Corn price -0.054 -0.101 6.728 -10.63
(0.192) (0.229) (53.66) (63.16)
Lysine and -0.903 -0.714 -153.1  -129.5
corn price (0.192) (0.221) (35.87) (40.04)
Soybean meal 0.247 0.316 0.799 0.74q 24.20 36.85 131.5 123.1
Price (0.234) (0.289) (0.162) (0.177) (38.71) (47.16) (26.94) (28.79)
Hog inventories 0.861  0.811 -0.008 0.470 0.210 0.177 -0.027  0.046
(0.729) (0.820) (0.721) (0.795) (0.178) (0.199) (0.182) (0.197)
Broiler quantity 0.987 1.131 1.296 1.357 0.025 0.028 0.033 0.034
(0.300) (0.339) (0.303) (0.328) (0.007) (0.008) (0.008) (0.008)
Feed efficiency 0.020 0.017 0.001 -0.001 0.338 0.292 0.005  -0.008
(0.009) (0.012) (0.007) (0.007) (0.126) (0.163) (0.093) (0.098)
October -0.118 -0.135 -0.161 -0.17¢ -1.546 -1.789 -2.174 -2.287
(0.060) (0.068) (0.062) (0.067) (0.818) (0.919) (0.877) (0.924)
Observations 66 66 66 66
R? 0.818 0.769 0.788 0.751 0.789 0.736 0.742 0.713
I_?z 0.792  0.737 0.762 0.721 0.760 0.699 0.711 0.678
Dep var sum of sq 5911.3 12373.9
Sum of sq errors | 0.820 1.038 0.956 1.12Q 156.7 196.2 192.1 213.8
Autocorrelation 0.007 0.062 0.099 0.141 0.046 0.078 0.113 0.137
Durbin-Watson 1.987 1.876 1.789 1.715 1.914 1.847 1.754 1.713
F-test for 9.452 12.86
restrictior? {0.003 {0.001

a Figures in parentheses () are standard errors. Figureaakéts{ } are p-values.

b F_test for the restriction that corn and lysine prices emtéhne fixed ratio of equation (5).
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Table 2: Cost Resufs

Model 1 Model 2
Coeff Stde® Stderr Coeff Stdefr Stderr
Marginal COStS(O 0.505 0.019 0.020] 0.527 0.008 0.007
Power termy) -0.097 0.078 0.082

Learning extentAo) 1.783 0.246 0.233 1.933 0.219 0.199
Learning diffusion &) | 0.577 0.077  0.056| 0.577 0.080  0.061

Observations 48

Dep var sum of sq 18.55

Sum of sq errors 0.132 0.138

Wald test 1.386 {0.239
LR test 2.006 {0.157%

a4 Figures in bracket$} are p-values.
b Under the assumption of correct specification.

soybean meal prices fail to play a role. However, given tbah cepresents a substantial share
of the price of feed, we would have expected a role for corogsri

Coefficient estimates suggest a mild trend rise in demand tbeesample. As expected,
demand for lysine increases with poultry consumption. H@wehog inventories were not
found to be a significant determinant of demand. A possibpagation is that lysine demand
has risen over the sample, while hog consumption has belgle stiad poultry consumption has
risen markedly. Finally, the feed efficiency ratio is founde a positive determinant of demand
in some specifications, suggesting that as the efficiendyedigted absorption process improves,
the demand for lysine declines. The OLS results of Model trésponding to equation (1)) are
used for the purpose of analysis, below.

4.3.2 Marginal costs

Equation (3) was estimated by non-linear least squares.rddts are summarised in Table
2. In the unrestricted model, Model 1, marginal costs dectmldly with output, or more
specifically, with capacity utilisation. Model 2 incorptea the restriction that = 0. Wald

and LR tests suggest that we cannot reject this restrictitdredl0 per cent level, implying that
marginal costs are constant once learning has finished. ddféaent,c, then captures post-
learning marginal costs. The sizeAd suggests that there is substantial learning, while the size
of the coefficientr suggests that learning is achieved rapidly.

5 Discussion

Armed with estimates of demand and costs, in this sectiorxamae informally the ability of
theories of collusion to explain major stylised facts of lygne market. First, we test for the
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existence and examine the nature of the price wars obsembeé lysine market. Second, we
examine the level of the mark-up over marginal costs chabyelgisine producers. Third, we
consider the behaviour of market participants following breaking up of the cartel. Finally,
we briefly consider the final form taken by the cartel.

5.1 Price Wars

The models of collusive behaviour discussed in Section [8 yigedictions about the time path
of the mark-up of prices over marginal costs. To assess npEtérmance, we can compare
the observed markup in the lysine market to these predti&sDM’s markup is calculated
by dividing the weighted average lysine price by ADM’s maajicosts. First, we present a
test of the Cournot model that also serves as a test for tis¢eexie of price wars. Finding the
existence of price wars, we then briefly discuss their pabanderlying causes.

Equation (1) implicitly defines an inverse demand functi®(), €;). Under perfect infor-
mation, the Cournot model predicts that firchooses an output such that its mark-up is given

by
P(QU&) . 1
MC (kig, i)  1—Fa-t’ (6)

The lysine market departs from the assumptions of the ngjoirimodels discussed in Sec-
tion 3 in that firms are heterogeneous and face capacity reamist>® We examine whether the
flavour of their results carry over, nevertheless. To captariation in firm conduct, a dummy
variable,xt, is constructed based on the results of discussion at thaarelgsine association
meetings. A value of 1 is assigned to periods in which it isnae@ that firms were behaving
“cooperatively”, and a value of 0 is assigned othervifs&uch cooperative spells might corre-
spond to reward phases in the imperfect monitoring modeB&Foand APS, or periods in which
a high degree of collusion can be sustained in the model acdrRlo¢rg and Saloner (1986).

That we would expect a higher mark-up during cooperativespban these models is a
departure from the Cournot model and joint-profit maximaatwhich postulate a mark-up
depending simply on the market demand elasticity. To tesii® existence of price wars , we
estimate a mark-up equation of the following form:

P(Qtaat) _ .
MC(kLt,ui?t) —(p0+(plXt+Ul,t (7)

25Several authors have examined the sustainability of doliis the presence of capacity constraints, without
explicitly modelling price wars. For example, Brock and 8ictkman (1985) argue that increasing industry ca-
pacity by increasing the number of operating firms will havea-monotonic affect on the maximum sustainable
collusive price. Benoit and Krishna (1987) allow capaditpe chosen endogenously, finding that excess capacity
is required to sustain collusive behaviour in order to ddestiations. In fact, Benoit and Krishna (1991) find that,
in a similar context, entry deterrence can be facilitatecalgommitment to a low capacity for this reason. Ex-
amining semi-collusive equilibria, in which firms are aldecbllude in price but not capacity decisions, Davidson
and Deneckere (1990) find that collusion is easier to sufthims are more patient and if capacity installation is
cheaper. Compte, Jenny and Rey (2002) find that a cartel ie difficult to sustain in the presence of asymmetric
capacity constraints.

26Choosing the periods characterised by cooperation is asbateontroversial exercise. See Connor (2001a)
and White (2001) for contrary views. The results, below,ratmist to alternative choices.
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We examine two versions of equation (7). In Model 1, the ddpahvariable is the realised
mark-up,P(Q, &)/MC(kit,uit). In Model 2, we use an ex ante expected mark-up as the de-
pendant variable:

&t

M}:< P(Q:&) ) et
MC (kit, Uit) MC (Kit, Ui t) — Uit Eg<e%t> )

where expectations are calculated based on the realisethali®ns ofe; andu; ; over the sam-
ple. This is a somewhatd hocway of allowing for the possibility that unanticipated \&tron
in demand and cost conditions contributed to the variatiorhiserved markup.

To test the possibility thag; is endogenous to either demand or cost conditions, it was
included additively as an explanatory variable in both ¢&gua (1) and (3), and found to be
insignificant?® The results of estimating equation (7) are summarised iteTabIn both the
formulations considered, the conspiracy dummy variabkgasistically significant at the 1%
level, indicating that we could reject the hypothesis ofdaheence of price wars.

Figures 3 and 4 provide further illustration of these resutigure 3 plots the realised mark-
up against the mark-ups implied by Models 1 and 2. Throughé@i and early 1992, ADM
was battling production teething troubles, and hence thank-up may appear artificially low.
This is indicated by the shaded region labelled “learningibyng”. Removing this period from
estimation does not qualitatively affect the results ofl&&b Figure 4 depicts ADM'’s observed
mark-up together with the Cournot mark-up implied by equa{b). Analogous to Model 2, we
also include a variation on the Cournot mark-up under therapsion that firms do not observe
the demand and cost errors in equations (1) and (3), but ehmatput to maximise expected
profits, given the outputs of their competitors. Given thectional forms of equations (1) and
(3), this leads to an implied mark-up of

P(Que) _ [ et <Mc<m,t,ui,t)—ui,t) 1 o)
MC (ki Uit) Eg{eé} MC (ki Ui t) 1-Fa-1)’

Again, expectations are calculated based on the realisgdbditions ofe; and uj; over the
sample. The figures suggest that price wars explain a suia@tanmponent of the variation
in the mark-up over the sample. This rules out the possibilftunconstrained joint-profit
maximising behaviour.

We turn next to the underlying causes for the observed prams.wirst, let us consider the
initial price war. This can be seen in Figure 2, beginninganye1991 and extending to June

Eeu { (8)

2'Effectively, we are modelling a situation in which firms faded. demand and marginal cost shocks. Firms
know that the distributions of the demand and cost shockgiaes by the empirical distributions af andui,
respectively. However, firms choose output before obsgria shocks.

28Note that this appears inconsistent with the empirical jotinhs of several price-war models. For example,
the Rotemberg and Saloner (1986) model and its variaticedigira relationship between demand conditions and
price wars that depends on the persistence of demand earigtihile the Green and Porter (1984) model suggests
that an unanticipated demand shock cquigcipitatea price war, the relationship between demand conditions and
whether or not a price war is currently taking place is noacle

16



Table 3: Mark-up Equatich

Model 1 Model 2
iahla P(Q&t) P(Qt.€)

Dependent variable WC (i s.ir) =" (m)
Constant 1.350 1.387

(0.067) (0.094)
Conspiracy 0.615 0.611
dummy ) (0.085) (0.118)
Observations 48 48
R? 0.533 0.367
=5 0.523 0.353
Dep var sum of sq 152.4 161.7
Sum of sq errors 3.721 7.247
Autocorrelation 0.634 0.460
Durbin-Watson 0.801 1.078

a Figures in parentheses () are standard errors.

Figure 3: Mark-up Equation
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Figure 4: Actual and Implied Mark-ups
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1992. The price war began when ADM completed the constmictigs production facility and
commenced production, and ended with the formation of teaé/cartel. There are several
potential explanations for this initial price war. Firsgjastment costs in production and/or
sales for the incumbent firms may have led to inertia in thessaf these firms in response to
ADM’s entry.?? This explanation is unconvincing given the advanced warnéteived by the
incumbent firms of ADM’s intentions to enter the lysine mdrk&DM acquired a fermentation
patent in 1988 and began construction of its productiorifies in 1989. It began production
operations only in 1991, leaving ample warning for incuntfems to adjust sales. Moreover,
the incumbent firms were actively preparing for the entry BivA 30

Second, the price war may have resulted from attempted fpoadas ADM and/or the
incumbent firms tried (and failed) to force out their comfme. The fact that the incumbent
firms were the first to attempt to raise prices suggests thia¢rethe incumbent firms were
more inclined to accommodate ADM’s entry or that they werikjy dissuaded from efforts
at predation.

A third possibility is that ADM wished to collude from the eit, but understood that the
terms of any negotiated collusive agreement could be infle@iby strategic action prior to the
agreement. Especially after the entry of a new competitemight expect information asym-
metries to play a prominent role. In fact, a great deal of vag®ty about costs and capacity
pervaded the lysine market following ADM’s entty. Consequently, ADM may have wished

290ne explanation offered by White (2001, p. 28) is that incanitiirms refused to adjust output in response to
ADM’s entry.

30As Connor (2001a) notes, Ajinomoto began planning a styetmgADM'’s entry as early as April 1990.

3lUncertainty about costs and capacity appear to have beémiadially, and diminished but did not disappear
following the initial cartel agreement. See Connor (20Q0,26-28) for further details.
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to signal that it would be a formidable competitor in the atzseof a collusive arrangement.
Signaling could have occurred across many dimensionsniaitg fruitful dimensions for sig-
naling include marginal costs, capacity, and patience. idilea of ADM wishing to signal it
was a low cost operation in advance of collusion is suppdtethe fact that ADM conducted
guided tours of its new plant for the benefit of Ajinomoto angbkt/a Hakko executives.

On a related note, the price war may reflect attempts by ADMuitnlup its market share
prior to a collusive agreemeft. The terms of the collusive bargain in the lysine market stipu
lated that firms would maintain their global market sharesuphout the agreeme#t.If ADM
anticipated this type of arrangement, then this providesegntive to engage in a price war in
order to build up market shaf&.However, this sort of market sharing rule is clearly subopti
An alternative proposal in which ADM understood that its kesrshare would rise gradually
over time would obviate the need for a painful initial pricarwThat an optimal arrangement
of this sort was not adopted reflects a bargaining problemdféy firms in which the existing
market shares provide a natural focal poitAllowing for the degree of uncertainty about
costs and capacity characteristic of the lysine markes, bargaining problem only becomes
more acute. The only way to credibly convey the entitlemera particular market share may
be to actually achieve that market share in advafice.

Some combination of the above explanations is also poss$tbleinstance, ADM may have
been unsure about whether to attempt to force its compet{tora subset of them) to exit,
or to accommodate them in a future collusive agreement, igtdecision resolved through
learning of its rivals’ cost parameters.The timing of theid®n to opt for collusion may have
been influenced by a cost/capacity shock to ADM. ADM expaeiunexpected (at the time of
plant construction) production teething troubles, whiemporarily raised costs and restricted
available production capacity. This shock appears to haea lnbserved by ADM, but not its
rivals (Connor, 2001a, p. 9).

The second price war began in early 1993 and lasted throeghitidle of that year. Again,
there are several potential explanations for this price Wast, there were reasons for distrust

32This argument is presented in more detail in de Roos (2004).

33This is not explicit until the second, more successful pldsie cartel. At an October 1993 meeting between
Ajinomoto and ADM, actual 1993 production volumes were ugedalculate market shares for 1994 (Connor,
1998, p. 31). Similar arrangements applied in other recenegixing cases. In citric acid, market shares for
1991 were allocated based on realised market shares betw88rand 1990 (Connor, 2001b, p. 136). Industry
experts confirm that global market shares were set in the &shn in the recent vitamins price fixing cartel in
the markets for vitamins C, E, A, and B2 (Riboflavin).

34Clearly, the existence of adjustment costs in producticsates is required for this argument. Klepper (1996)
introduces convex adjustment costs in a similar contextaniples of such costs include physical capacity con-
straints, advertising, customer search, or distributmsts

S5ADM’s strategic goal was to obtain a market share equal ttaitgest competitor. In conceding a smaller
cartel market share than Ajinomoto (in accordance with gitieng market shares), ADM originally negotiated an
equal share of market growth with Ajinomoto. This would thpeavide for a gradual rise in ADM’s market share.
Subsequently, however, this agreement was overlooked amkietnshares were retained throughout the second
phase of the cartel (Connor, 2000).

35The protracted nature of the disagreement over marketshatereen ADM and Ajinomoto is highlighted in
United States v. Michael D. Andreas et &Inited States Court of Appeals for the Seventh Circuit ®0pp. 5-8.
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among the participants. For example, Ajinomoto believet kDM had stolen its patented
micro-organisms. This explanation does not appear p#atiguappealing as there is no in-
dication of how the environment changed between the timediasive agreement was first
successfully negotiated and the time it apparently brokendo

Second, there were differences in opinion about the apatepiorm of the cartel. ADM
wanted an explicit market share agreement with externalymion auditing, which the other
firms resisted. There was some disagreement about the ajgpeomarket shares. Again,
we could argue that these differences did not prevent thetiadipn of the initial collusive
agreement. As discussed above, in the initial phase ofsioly the operating mechanism of
the cartel was not fully worked out. Price targets were satelplicit market shares were not
negotiated and information sharing was scant. By contthstsecond phase involved fixed
global market shares and much improved information shaagtices. It is possible that firms
learned over time about the inherent weaknesses of thetimsteof collusion, and consequently
disagreements over the appropriate rules of the cartehieoaore urgent. This leads us to the
next explanation.

Third, there was widespread suspicion of cheafihd-he demand estimation exercise re-
vealed no major shifts in demand conditions over the santtavever, the second price war
could have coincided with a slight downturn in demand. Fegbidepicts the observed lysine
price and mark—up, and the demand erreysfrom equation (1). It can be seen that the most
persistent negative demand shock of the sample occurrdxd start of the second price war.
It is possible then that suspicions of cheating were exatedbby a negative demand shock,
precipitating the price war.

Given the common suspicion of cheating, it seems that therRoérg and Saloner (1986)
model of price wars provides little guidance for this parkar price war. As discussed above, a
potential explanation is given by the price war models of G®APS. To pursue an explanation
of this flavour, we may wish to depart slightly from the phdpsy of these papers. Their
models describe incentive compatible mechanisms for emmfgroptimal collusion. In both
models, firms never cheat on the agreement and only lastd®ritarket price is relevant in
deciding whether to collude. By contrast, in the lysine mnesirkspecially in the first phase of
the cartel, the collusive mechanism was, at best, imperfadact, there is no evidence in the
public record of a well-defined enforcement mechanism andflis phase of the cartel, beyond
vague allusions to the mobilisation of excess capacitypiim of cheating was widespread,
suggesting that the mechanism was not incentive compatibleddition, as we discuss in
section 5.2, the cartel’s price targets were systemayicedt met, despite the possibility that
cartel participants overestimated the elasticity of desimarer the sample period. This provides
further evidence for the prevalence of cheating.

In this context, it may be more fruitful to examine the implions of the prevailing cartel
mechanism and accept the existence of cheating, rathemttpasing an incentive compatible
mechanism. We may then expect inferences on the extent afiojeo be based on the entire
history of market prices rather than just last period’s @riEor example, if firms are uncertain
about the exact preferences of their rivals or the efficasypafitoring technology, they will be

3This is documented in Connor (2000). The majority of consenppear to have arisen in the first phase of the
cartel before volume allocations were agreed to and imgtovenitoring was implemented.
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Figure 5: Demand Errors
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unsure about whether a particular agreement is sustainablkarning takes place, the cartel
could be strengthened, or it could unravel depending on fiatisial preference® While
Slade (1990) finds the existence of cheating in equilibriwa, might expect the nature of
cheating to be temporary in Slade’s model as firms oppotigall/ exploit transitory cost
shocks. Cheating appears to have been more widespread rasigteye in the lysine market.

The second price war ended in the middle of 1993 and was fellidwy a successful phase of
collusion until the authorities intervened. Several coradgle explanations for the resumption
of the collusive agreement offer themselves. First, in thieitsof GP and APS, the end of
the punishment phase in a price war model may have been geathat is, punishment had
ensued for sufficient time to maintain the incentives folubn. As discussed above, this
explanation presupposes an incentive compatible enfaoemechanism and a high degree of
coordinatior?® Particularly in the first phase of the cartel, this does netrse have existed in
the lysine market.

Second, as can be seen in Figure 2, there was a substantedsecin the ceiling price
in 1993. A rise in the ceiling price could have made collusiore attractive by raising the
potential collusive price. However, the ceiling price wagady well above the lysine price at
the onset of the price war. In addition, it appears to hava feéng at the time collusion was
renegotiated.

A third explanation is that during the price war, cartel mapants were negotiating a more

38t is unclear whether learning would in fact take place bseafirm with an incentive to cheat in the absence
of learning may seek to mimic the behaviour of a firm withoudtsan incentive.

39Technically, these models do not require explicit commaitidn. However, given the extent of disagreement
evident between cartel participants in the initial phasthefcollusion, tacit coordination on such schemes appears
even less likely.
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appropriate form for the cartel. Resolution of these dismuss paved the way for a subsequent
phase of collusion. As discussed previously, there wereyrapparent problems with the first
phase of the cartel. It is highly likely that these problermsatdbuted to the breakdown of
the cartel. There was thus potential for future mutuallydemal cooperation, should these
problems be ironed od?.

5.2 The Level of the Markup

Having argued the existence of price wars, in this sectioexenine the level of the observed
mark-up, both during phases of collusion and during priceswas can be seen from Figure 4,
under the punishment phase the mark-up is well below ther@buanark-up. This suggests that
the GP model based on Cournot reversion is not an approplestiption. If price rather than
guantity were the strategic decision variable, then pneesld approach marginal costs in the
punishment phase in the GP model. However, the level of th&-main the reward phase is
more troubling. Even under the reward phase, the mark-upaapgo be commonly below that
predicted by the Cournot model. Neither GP nor APS suggeskplanation for this. Several
alternative explanations are possible.

First, cartel participants were wary of approaching théragprice. As can be seen in Figure
2, there were periods in the cartel’s history in which therlggprice became quite close to the
ceiling price, notably in early 1995. The proceedings of ¢baspiracy meetings reveal that,
when setting price targets, the participants were quitey wathe ceiling price and anticipated
movements in the ceiling price (Connor, 2000, pp. 23-24)weicer, for the majority of the
collusive periods, the ceiling price was well above thergsprice.

Second, the participants may have been wary of detectiomtpyrast authorities, and may
have tempered price targets accordirfglywhile well aware of the activities of the anti-trust
authorities, cartel participants adopted a rather bratténde to thenf? However, cartel mem-
bers do appear to have demonstrated care in not attemptmagseoprices too rapidly. In both
phases of collusion, prices did not rise precipitously, ihateased over a period of approxi-
mately six months. In addition, anti-trust concerns mayeharevented cartel members from
allocating individual customers (Connor, 2000, p. 163).

Third, participants may have been wary of potential entoy.this to influence price-setting
behaviour requires that a low price act as a signal of mar&edrpeters unknown to potential

40see note 38upra The extent of the bargaining problems during this perioals® documented in Connor
(2000). Surveying a selection of cross-section and caskestwf collusion, Levenstein and Suslow (2002) find
that bargaining problems are faced by most cartels.

4IHarrington (2004b, 2005) analyses a cartel’s price sefilodplem when anti-trust detection is possible. Har-
rington (2005) argues that detection driven by price movemeather than price levels induces more plausible
empirical predictions. He argues that a cartel will striged gradual rise in prices, and if penalties include dam-
ages, prices will converge to a steady state that is belownth@opoly price. Harrington (2004b) generalises this
work to allow the cartel's incentive compatibility constris to bind. With this change, it is possible that the
antitrust authority can in fact raise the cartel’s pricesdigxing the cartel’s incentive compatibility constraint

42This can be seen dramatically in a publicly available Uni¢dtes Department of Justice (2000) videotape
containing excerpts of some of the lysine trade associatieetings.
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Figure 6: Target Mark-ups
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entrants?3 Potential parameters could include costs and capacitiesaibents. Alternatively,

if the existence of collusion were not known outside theadadartel members might wish to
mask their collusive tendencies. The inferences we migiwdrom the subsequent entry of a
joint venture between Cargill and Degussa is ambiguoussrégard. On the one hand, future
collusion would be made more difficult after the anti-trustrerities were brought in to play.
On the other hand, entry occurred after the history of calusad been revealed, suggesting
the possibility of future (presumably tacit) collusion.

Fourth, target prices were not achieved (Connor, 2000,eTAB). This implies that target
mark-ups were higher than realised mark-ups. Figure 6 coespghe observed mark-up with
the implied target mark-up using target prices agreed iméysartel meetings obtained from
Connor (2000, Table A8). It can be seen that, particularlthanfirst phase of collusion, firms
tried but failed to set higher mark-ups.

Finally, perceptions of market demand elasticity may haffered froma. Participants in
the cartel may have had a different model of demand or may blaserved a longer period of
data, implying a different demand elasticity. Mark Whigdhe head of ADM’s biotechnology
division and a major player at the price-fixing discussisuggests a demand elasticity varying
between about -0.95 at a market price of $0.95 and betwe6érar?l -3.6 at a price of $1.05,
while Kanji Mimoto, a more experienced sales officer withmgmoto, disagreed with Whitacre
and suggested an elasticity of between -1.1 and -1.4 at tltis (Connor, 2000, pp. 22-23).
Figure 7 compares the observed mark-up with those predistéldde Cournot model based on

43Conversely, Benoit and Krishna (1991) argue that a low dapaad high price might be employed to de-
ter entry. This result follows from their finding that holdi of excess capacity can serve to sustain collusive
outcomes.
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Figure 7. Cournot Mark-up Using Perceived Elasticities
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the elasticities suggested by Mimoto. With a higher peestidemand elasticity, the cartel
appears to have been more successful in raising prices cothesive phases.

5.3 Post-Cartel Prices

The behaviour of prices following the FBI intervention algarrants discussion. Subsequently,
prices actually rose (Figure 2). One potential explanasippeals to the global nature of the
cartel. Different geographic markets were characterigseditberences in demand elasticities
and in other demand determinants. If the cartel could effelgtprevent international arbitrage,

regional pricing differences might persf$tFollowing the breakdown of the cartel, we would
then expect higher priced markets to be supplied first. Tkpta@ation is supported by a surge
in U.S. exports following the FBI rait® but is unlikely to explain continuing high prices in the
U.S.

A second possible explanation is that an implicit undediteasnmay have developed be-
tween the cartel participants, facilitating the contimoiaiof collusive behaviour, albeit tacitly.
After several years of repeated interaction and expliamewnication cartel members could
have learned about the characteristics and strategiesas$ 1 Further, given that recourse

44Connor (2000, p. 22) notes that cross-market arbitrage wameern of the cartel, with European prices
commonly higher.

45United States exports approximately doubled over the gerg®5 to 1997 (Connor, 2000, Table 13).

46The theoretic literature on collusion has made little distion between tacit and explicit collusion. For exam-
ple, GP and APS specify tacitly collusive equilibria with@ddressing how firms might coordinate on collusive
strategies in the absence of explicit communication. S$aerthors have attempted to discern the role of commu-
nication in collusion. While GP and APS characterise theéetarproblem as one of imperfect monitoring with
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to meetings became riskier following the cartel breakumdimay have been more careful to
avoid further price wars because they would be particuldifficult to resolve.

Finally, if cartel members were well versed in anti-trusiggcution proceedings, they may
have had an additional incentive to raise prices. When sgsgpdamages in cartel prosecutions
the prices prevailing before and after a cartel’'s operatiare commonly used as “but-for”
(counterfactual) prices. Damages are then based on tleeatiffe between the prices set by the
cartel and these but-for pricés.

5.4 The cartel mechanism

A final question relates to the nature of the cartel. The Earteethods evolved over its working
life. Was its final form one that we may have expected? In tlverse phase of the cartel,
once differences in costs and capacities had been learrszhte extent, the cartel dealt with
asymmetries in firm characteristics by fixing market shatresiating levels. Cartel participants
communicated regularly and instituted a monitoring and pensation program. This context
most closely resembles that studied by Athey and Bagwell420T he signaling equilibria they
identify appear to resemble the lysine cartel quite clodalgquilibrium, low cost firms charge
a lower price in the initial period, obtaining a greater narkhare in this and all subsequent
periods. This could be interpreted as an initial price wat ttetermines market shares. In the
lysine market, the price war was only subtly different. Fsrset approximately equal prices
in the initial price war, and it was the market shares obthinethis price war rather than the
prices set that determined subsequent market shares. dg(&u®!) obtains price wars of this
character by imposing the market sharing rule adopted byytiee cartel and incorporating
capacity constraints that can be stochastically detemtim@ugh investment.

6 Concluding Remarks

An examination of the experience of collusion in the lysingrket suggests several challenges
for researchers, some of which relate specifically to theémarket, but many of which apply
to a more general setting. First, it is impossible to disdhsslysine history without explicit
account of the differences between market participants imoterms of fundamental charac-
teristics and access to information. Differences betweaamsfivere an integral ingredient in
the first price war, leading both to a difficulty in coordimagian optimal cartel agreement and,
relatedly, engendering an atmosphere of acute uncertauyt key strategic characteristics of

public signals, Kandori and Matsushima (1998) argue trgatads are privately observed. Communication could
then facilitate a collusive equilibrium. However, as Karidond Matsushima note, communication is a sufficient
condition for a collusive equilibrium in this setting, btirémains an open question whether it is a necessary one.
Athey and Bagwell (2001) argue that the ability to commutgczan improve the profitability of a cartel where
members have private cost information. Genesove and M{@001) argue that communication played a key role
in the sugar-refining cartel. Given the complexity and dsitgrevident in the cartel, they argue communication
provided transparency and afforded the cartel flexibilitygspond to shocks.

4’Harrington (2004a) argues that the incentive to maintaitet@rices remains for the duration of litigation,
and that a similar pattern of post-cartel pricing appliethimrecent graphite electrodes price-fixing conspiracy.
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rivals. Preliminary steps have been taken in examiningus@h amongst asymmetric firms,
where differences relate to costs (Schmalensee (1987)ngeon (1991), Athey and Bagwell
(2004)), patience (Harrington (1989)), capacities (Canpenny and Rey (2002) and de Roos
(2001, 2004)), and product quality (Fershtman and Pake30)20

Second, the lysine cartel cannot be fully understood witlaodynamic perspective. Most
models of collusion take the prevailing market structurgigen. However, entry and invest-
ment dramatically altered the experience with collusiothmlysine market. Adjustment costs
in quantity also appear to have played a major role. Agaily, fmnmative steps have been taken
towards examining some of these difficult dynamic issuedefberg and Saloner (1986) in-
troduce demand variation into the cartel’s problem, whilerenrecent work has endogenised
entry and exit decisions and allowed firms to invest to ststbally influence the evolution of
product quality (Fershtman and Pakes, 2000) and capa@tR@ds, 2001,2004)).

Third, while price wars have been a common theme in the titezathe nature of the price
wars in the lysine market suggest additional issues forideration. Both price wars contain
elements of a bargaining or negotiation problem. Disagesgapersisted about the appropriate
market shares for the participants as well as the fundarestee of exactly what form the car-
tel should take. In surveying the literature on case stugliesllusion, Levenstein and Suslow
(2002) note that bargaining issues plagued most cartelcamnibuted to the breakdown of
about one quarter of collusive episodes. A second such istates to the existence of cheating
in the lysine market. It appears that cheating occurred sravéeast heavily suspected by cartel
participants. As Levenstein and Suslow note, cartels allyicake pains to design a cartel so
that cheating will not be secret, and hence cheating isqofzatly observed® However, where
cheating is a problem for a cartel, this suggests the lack ai@ntive compatible enforcement
mechanism.

In addition to these issues, the lysine market highlighesabmplexity of the firm’s con-
strained maximisation problem. As well as the standardntiee compatibility constraints, a
cartel will commonly be constrained by capacity, partitipma constraints, concerns about the
entry of a competitor, and detection by the anti-trust aties.
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A Data Sources

ADM cost data.$US/Ib. Exhibits 60-67, Transcript &fnited States v. Michael D. Andreas et
al., U.S. District Court, Northern District of lllinois, EasteDivision, No. 96 CR 762, July to
September 1998.

ADM lysine quantitylbs. Exhibits 60-67, Transcript ddnited States v. Michael D. Andreas et
al. U.S. District Court, Northern District of lllinois, EasteDivision, No. 96 CR 762, July to
September 1998.

Broiler slaughter.Thousands. USDA, National Agricultural Statistical SeeyPoultry Slaugh-
ter, Table 69, various issues.

Corn prices.$US/Ib. Corn, no. 2 yellow; Central lllinois, obtained frahre USDA, Agricul-
tural Marketing ServiceGrain and Feed Market New#ppendix Table 14, various issues.
Exchange ratesMonthly bilateral exchange rates obtained from Datastream

Feed efficiency ratiosPounds of feed required to generate one hundredweight &f Based
on trials on approximately 700 hog farms in the United Feedis& Record Program. Annual
data were interpolated geometrically to form a monthlyeseri

Hog inventories.Thousands. USDA, National Agricultural Statistical See/iHogs and Pigs
various issues. Quarterly data were interpolated geocadlirito form a monthly series.
Lysine price. $US/Ib. Connor (1998). Connor obtains these data fhome Amino Acid Lysine
Antitrust Litigation Plaintiff's Interim Report.

Lysine production capacitie3.housand metric tonnes/yr. Connor (1998, Tables 2 and 6).
Lysine sales, annualBUS. Connor (1998). Connor obtains these data fhome Amino Acid
Lysine Antitrust LitigationPlaintiff's Interim Report.

Soy bean meal pricebUS/Ib. Soybean meal, 44% protein, Decatur, obtained fieerlASDA,
Agricultural Marketing ServiceGrain and Feed Market Newsarious issues.
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