                                                                                                      DESIGNING ORGANIZATIONS FOR TRADING POLLUTION RIGHTS

John O. Ledyard

California Institute of T echnology

Kristin Szakaly-Moore

University of California, Los Angeles

Abstract:  Regulators and academicians have recently become interested in using a marketable permits progra m as a new

way to control aggregate pollution emissions.  Our research focuses on choosing a permit trading mechanism that is both

economically efficient and politically viable.  We consider an organized trading process and a revenue neutral auction,

both of which involve an initial allocation of permits based on past history.  Each is tested in a c ompetitive and in a non-

competitive environment to determine which mechanism performs best.  The results of our research suggest that, over all,

the organized trading process outperforms the revenue neutral auction.

    All  correspondences maybe directed to Kristin Szakaly-Moore:  (from7/1/93-9/1/93) Division of Humanities and Socia l

*

Sciences, 228-77, Caltech, Pasadena, CA 91125 or (after 9/1/93) Department of Political Science, UCLA, 4289 Bunche

Hall, Los Angeles, CA 90024-1472.

     We would like to thank the Flight Project Office of the Jet Propulsion Lab (NASA) for financial support through
                  *
their grant to the Program on Organization Design at Caltech.  T his is one of a number of studies on the transition
from non-market allocation to market-like allocation mechanisms.  We would also like to thank Jamie Kruse, Linda

Cohen, and two anonymous referees for their comments.

     John Ledyard is a professor of economics and social sciences in the Division of Humanities and Social Sciences
                  **
at the California Institute of T echnology.  Kristin Szakaly-Moore is a visiting assistant professor of political
economy in the Department of Political Science at the University of California, Los Angeles.

     Another major design choice is the trading instrument; that is, what is being bought or sold.  T his is one point at
                  1
which the market comes into contact with the regulatory process.  In this paper, we assume the instrument choice has
already been made.  In practice, the characteristics of the instrument will affect the  performance of the market and
the choice must be a critical part of the design process.  See Carlson and Sholtz (1993) and Carlson, et al. (1993a)
for a discussion of potential problems associated with certain instrument designs and methods for avoiding such

                                                                                                                DESIGNING ORGANIZAT IONS FOR T RADING POLLUT ION RIGHT S *

John O. Ledyard      Kristin Szakaly-Moore **

1.0. Introduction

                                                  Regulato r s  and academicians have recently become interested in using some form of a marketable permit s
progr am as a new way to control aggregate pollution emissions.  T hey argue that a tradeable permits system increases
the  flexibility with which individual firms can respond to pollution control requirements and, therefore, it becomes easier ,
cheap er,  and politically more palatable to achieve significant reductions at the aggregate level.  T he efficiency an d
viability of regulation are improved.  Several versions of such syste ms have been put into practice, with varying results.

(Hahn, 1 989, pp. 95-114, Hahn and Hester, 1989, pp. 361-406, Hahn and Hester, 1989, pp. 109-153)  Much has been
written evaluating the performance of existing permit syst ems, but less work has appeared regarding the optimal design
of a such systems.  We add to the latter literature.

                                                  I n  d esi gning a marketable permits system, two major factors must be addressed:  market organization an d
political  viability.   How well a system of tradeable permits performs its task will depend significantly on how the marke t
                                                                                               1

shortcomings.

     Choosing one of these designs still leaves open many options which can affect the performance.  For example, if

                  2

we choose a sealed-bid auction, how often should it be held?  If we choose a multi-lateral trading market, should the

regulatory agency play a passive role or should it provide a bulletin board environment to facilitate trades?

is organized.  Reductions will be easier to implement if, and only if, the market significantly increases the efficiency with

which pollution abatement t akes place.  T he extent to which these improvements in efficiency occur depends critically

on  the market architecture selected.  T wo major design choices are usually proposed:  a sealed-bid auction and multi-

lateral  trading.   Some have argued that sealed-bid auctions are the preferred form.  It is claimed that (1) they can b e

                                                                                 2

organized to prevent firms t hat control a large proportion of the permits from exercising monopoly power and (2) they

enhance price stability which aids rational planning of abatement by firms (see, e.g., Hahn and Noll, 1982).  Others have

argued for some form of continuous multi-lateral trading, often called an aftermarket, that would operate after an initial

distribution of permits.  It is claimed that efficiencies will be higher (see, e.g., Grether, Isaac, Plott, 1989).  In this paper

we reexamine these claims from both a theoretical and experi mental point of view.  We do that in two entirely different

environments :  one in which efficiency is relatively easy to accomplish because market power is evenly spread among

users and one in which efficiency is very hard to accomplish because one firm holds an absolute monopoly position.

                                                  But, efficiency is not the only relevant performance criterion.  It is equally important to consider the political

r ealities  th at must be faced by any designer of a new process.  T he choice of market organization does not occur in a

vacuum.  In almost all cases, a marketable permits system replaces an ex isting system of standards and individual limits

that have been in place for some time.  The transition to markets from a well-established "command and control" proces s

will almost always cause significant redistributions of wealth.  For example, one major factor influencing the political

viability of a mechanism is whether or not it ext racts revenues. (Riker, 1989, pp. 24-25)  Under pre-existing committee

systems, fees are not usually charged and part icipants are reluctant to embrace any new market system that forces them

to  pay for what was once free.  T he potential losers can be expected to try to prevent the transition from taking place.

If  the group of losers is powerful enough, they will prevail and politics will overrule the selection of even the mos t

economically efficient mechanism.  (Grether, Isaac, and Plott, 1981)

                                                  A simple example illustrates the potential gains from i mproved economic efficiency and the potential political

forces  that can prevent the achievement of those gains.  Suppose there are two polluters, firm A and firm B, and that eac h

      T he idea is that A should be willing to compensate B for not polluting and B should be willing to accept the
                  3
compensation.  Both are potentially better off.

is c urrently regulated to produce x and y units of pollution, respectively.  Suppose a total reallocation of permits from

B to A would cause A’s profits to increase by $1 million while B’s p rofits would decline by $.5 million.  T hen, allowing

A  to  p o llute x+y and requiring B not to pollute at all is more efficient than the current allocation.  T he gains fro m
efficiency  are measured as $.5 million.   T here are potential efficiency gains from a voluntary reallocation of rights .
3

What about political viability?   If each right to pollute one unit were to be sold by the regulatory agency for a price of,
say, [.75/(x+y)] millions of $, then A would buy them all, increasin g his net profits by $.25 in the process.  B would not
b e  willing to  b uy a ny since they cost more than B would save by buying them.  B’s profits decrease by $.5 millio n
because of this.  The regulatory agency makes $.75 million, which it could take  in reduced permits instead of cash.  T he
gains from trade have been fully realized,  since .25-.5+.75=.5, but the distribution of the gains will prevent the sale from
takin g  place if B can anticipate the outcome and has any ability to veto through the political system.  Withou t
compensation, B is $.5 million wor se off under the new system.  T he price at which the permits are sold and the extent
of  the efficiency gains may depend on the method by which the government conducts the sale, but B loses no matter wha t
pricing mechanism is employed.  If efficiency gains are to be achieved, then A must buy more permits than x and B must
buy less permits than y.  This can only occur at a price between  $1/(x+y) million and $.5/(x+y) million.  At these prices

B loses either in payments to the regulatory agency or in costs of pollution abatement.

                                                  If the regulatory agency sells the permits and keeps the revenue then, although efficiency is improved  and some
polluters will gain, many may indeed be worse off.  This prospect can easily prevent a permit trading organization from
being implemented.  There are several ways to p revent this redistribution from becoming a political liability.  One is to
redistribute  the revenue back to the firms, after the sale is held.  In the example above if the agency were to distribute
at least $0.5 million to firm B then everyone would be as wel l off after the transition as before.  T he real impediment to
the  agency’s ability to carry out such a rebate program is the clear incentive firms have to overstate the impact of th e
program on them.  A second way that seems more credible and places less reliance on honest revelation of information
is  to use the principle of "grandfathering".  Each firm is "endowed" with the right to pollute in amounts equal to what

     T his assumes that all can agree on each firm’s exact prior level of pollution.  In practice these baseline data are

                 4

hotly disputed since so much is at stake.

     T his claim does not depend on how the price is determined.  It will be true even if all are charged exactly what

                 5

they bid.  It also does not depend on the sealed-bid characteristic and would be true for an ascending bid (English)

auction.

     Economists are often surprised at the strong, vocal reaction individuals have towards policies that simply

                 6

recommend "let there be markets".  Political scientists are often surprised economists make such recommendations.

Proposals to auction permits are this kind of policy.  Economists make them because of the obvious and potentially

large increases in efficiencies.  Political scientists are surprised because of the obvious and potentially large

redistributional implications.

they  had been doing before the transition to markets.   Thus, B should receive back $px million and A would receive $p y

4

millio n.   W it h this grandfathering, both A and B will be better off after the sale.  Successful transition requires ever y

reasonab ly powerful actor to believe they will be at least as well off after the change as before.  Economists call this a

Pareto-superior move; we call it political viability, and will evaluate the designs we examine in this dimension also.

                                                  T o  summar ize,  w e are looking for a trading permits system that is both politically viable and economicall y

eff icient.  T he former requires predictable protection from significant redistributions of the surplus; the latter requires

a stable trading process and a measure of control over monopoly.  In our research, we initially examined four different

systems that had been proposed for co nsideration:  (1) a uniform price, sealed bid auction (FIPR, 1991, pp.7-25), (2) a

laissez-faire  trading process (Hahn and Noll, 1983, pp.71-73), (3) the Hahn-Noll revenue neutral auction (Hahn and Noll ,

1983, pp.75-76) and (4) an organized trading process with grandfathered initial allocations (GIP, 1989, pp.56-60).

                                                  A uniform price, sealed bid auction is a natural, naive suggestion by those who understand efficiency but are

igno r ant  ab o ut  political viability.  Participants are asked to submit sealed bids for numbers of permits, similar to a

tr easu ry  bill auction.  T he permits are all awarded to the highest bidders at a per unit price determined by the las t

accepted (or, sometimes, the first rejected) bid.  The reason this approach is rarely a  contender is that it is not politically

viable  no matter what its efficiency.  Look back at the example above.  If the pollution control authorities hold an auctio n

for the permits and do not find a way to return money to those being currently regulated, all who should re duce pollution

on efficiency grounds will actually be w orse off.   T he only situation in which this organizational solution is politically

5

viable is if there is no trade that can improve efficiency, but then, in this case we don’t need a new system .6

                                                  A laissez-faire trading process is a natural, naive suggestion by those w ho understand political viability but are

     See Hahn and Noll, 1983, p. 74.
                 7

ignorant about the possibilities for increased efficiencies.  The pollution control authorities distribute permits to pot ential
polluters, usually on the basis of past use and political clout, and then take a passive role in any process of re distribution.

T he  reason this system is rarely a contender is that it is unlikely to increase efficiency even if it is political viable. 7

Because there is no provision for a centra l clearing house, the transaction costs involved in finding trading partners are
significant, market liquidity is low, and many efficiency improving trades may go unrealized.

                                                  So  a sealed-bid auction of rights with the authorities retaining the revenues is rejected on the grounds of politica l
viability.   A laissez-faire trading system with authorities grandfathering rights is rejected on the grounds of low economi c
efficiency.  What about the other two mechan isms?  Both the revenue neutral auction and the organized trading market
address the political viability issue by initially distributing all the rights to be allocated on the basis of past performance
and,  possibly, political impact.  T his grandfathering scheme is intended to give the participants the option to continue
performing  as theydo presentlyand to avoid anynegative impact of the transition.  Voluntary exchange should then leav e
everyon e at least as well off as they are under the current system.  As long as no one is forced to trade, grandfathering
should make the new system politically viable.

                                                  While  both mechanisms satisfy the political viability constraint, quite diverse opinions arise with respect to thei r
eco nomic  performance.  Hahn and Noll (1983) believe allocating rights and using an aftermarket for trading may no t
be a good allocation mechanism becau se it leads to monopolistic behavior if one participant owns a significant portion
of the rights.  Moreover, if too few trades occur because of an insu fficient number of buyers and sellers, highly variable
p r ice  s ignals result that will undermine a buyer’s/seller’s ability to make efficient choices when planning abatemen t
p r o ced ur es .   Indeed, a major theme throughout their paper is the need to have many buyers and sellers activel y
participating in the market fro m the beginning to help achieve stable prices and to avoid problems associated with thin
markets.

                                                  Hahn  and Noll briefly suggest four ways to organize the market to avoid the problems mentioned above, but
thr ee  are either politically not viable or require information that the regulators and market organizers simply canno t

     For example, one system would allocate permits so the monopolist would have the appropriate competitive

                  8

equilibrium allocation.  T his requires the allocator to have perfect information about just what the competitive

allocation will be; a fact no one knows for sure a priori .  It also violates the

political viability constraint we have imposed.

     Each participant must outbid the others in order to retain the permits just allocated.  T hus, this initial distribution

                  9

is merely an accounting device to identify how much of the revenue is to be distributed back to each participant.  T he

distribution entails no guarantee of property right, although, as we will see in footnote 16, the participants, can

always retain their initial allocation at a zero cost to themselves.

     T he terms unit and permit will be used interchangeably.

                  10
have.   The most intere sting mechanism they propose allocates permits to firms, through grandfathering, and then uses

a un iform price auction to determine trades. .  In the uniform price auction, all participants submit a demand schedule

9

for permits.  The permits are allocated to those who submit the N highest bids.  These indivi duals pay the same price for

each unit--the highest rejected bid.  Next, the unique feature of the revenue neutral auction is ap plied.  Immediately after

the  revenue, <Capital Sigma>  p * n  (where n =number of permits purchased by person i), is collected, it is redistribute d

i i i

back  to those individuals who were initiall y allocated the permits before the auction took place.  Each person who was

initially allocated a permit receives the market price for that unit.   Thus, each individual pays only for his net purchase

10

of permits or is reimbursed for his net sale of permits.  For example, if m  permits were initial ly allocated to person i and

i

he  did not purchase any units at the auction (which would happen if he were to bid 0 on each unit), then he receives a

rebate equal to p * (m  - 0)--the price times the difference in the number of permits allocated and purchased.  In effect,

                                                                                                                      i

he  has so ld  his p ermits at the price p.  T hus, the organization redistributes the revenue back to the users and th e

auctioneer receives zero revenue.

                                                  An organized trading process with grandfathered ini tial allocations such as the double auction works similarly

to the Hahn-Noll zero-revenue auction but uses a different price discovery proce ss.  An amount of permits is distributed

to  each o f the I  p ar ticipants who then can sell their endowment or buy more from others.  T he buying and selling i s

carried out through a centralized, organized market.   T hat is, bids, offers, and trades are registered through this market.

M any  mar ket architectures are possible, but the natural forms are like either the pit of the Chicago Commoditie s

Exchange  or a bulletin board system.  We chose to use the Multiple-Unit Double Auction (MUDA) developed at Caltec h

fo r  our experimental study (Plott, 1991).  MUDA is a PC-based electronic trading system that allows participants t o

     For example, if she knew with probability 1 that the equilibrium price will be less than the value of her third unit
                  16
of endowment then she can bid an infinitely high amount on her first three units without affecting her equilibrium
outcome since she will not be selling those units.  Although she will be buying them back, her net transaction on
these units will be a wash since she will be reimbursed for whatever she pays.  T he downside of such a strategy only
arises if the equilibrium price is higher than the value of her third unit and she would have wanted to then sell it.  But
if she believes this occurs with zero probability there is no problem.

through the grandfathe ring process, define the marginal endowment value  to be the value to her of the wth unit.  If she
expects the market price (the n+1st highest bid if a to tal of n units are initially allocated) to be higher than her marginal
en dowment  value then she expects to be a seller and we would expect her to overstate her values in her bids.  If sh e
exp ects  the eq ui librium price to be lower than her marginal endowment value then she expects to be a buyer and w e
would expect her to understate her values in her bids.  It follows that we would expe ct to see bids higher than her values
o n  v ery infra-marginal units (relative to the endowment) and bids lower than her values on very extra-marginal units .

It is not obv ious what will be bid on units near the marginal endowment, unless she has very precise equilibrium price
expectations.   So the we expect the equilibrium bids, which are just reported d emand functions,  to be twisted versions
                                                                      16
of  the true demand functions with higher reports on units up to that equal to the endowment and lower reports on the unit s
af ter  the initial endowment.  If this is a symmetric equilibrium then one might expect risk-neutral subjects to produc e
eq uilib r i um  allocations near those predicted by the competitive equilibrium, with perhaps a little loss in efficienc y
because marginal units do not trade.  So we would predict

Prediction:  In a competitive environment (with a relatively equal distribution of endowments),

                                                  (a) DA will produce prices and quantities near those predicted by the law of supply and demand,

                                                  ( b )  RNA will p r o d uce prices near those predicted by the law of supply and demand, but will produce les s

                                                  reallocation  than predicted by the competitive equilibrium, and bids will be higher than values on infra-margina l

                                                  units and less than values on extra-marginal units,

                                                  (c) the efficiencies produced by DA will be higher than those produced by RNA.

                                                  2.2. M onopolistic Environments

     T his is highly unlikely politically if grandfathering is used, although it is possible that say 50% is allocated to

                  17

one firm especially in the areas which involve public utilities.

     Such theories are explained in every introductory text.

                  18

     T he RNA monopolist is essentially a seller of permits, setting a reservation price for all units.  He has the power

                  19

to retain ownership without penalty by bidding an infinite price for the permits (the price he pays equals his rebate if

he bids an infinite price for all of the units); thus, he can restrict the quantity purchased by other bidders.

                                                  What  about predictions for a monopolistic environment?  T hese are simply extensions of the theory we have

alr ead y  d eveloped since these environments arise if the distribution of the initial allocation is significantly skewe d

to war d s  o ne in dividual.  T o see the extremes, let us suppose that a single individual is allocated the entire initia l

endowment.   The natural extension of the theory for DA is to assume that the monopolist, inferring the demand functio n

                                                                  17

of  the others, simply acts as if he computes a marginal revenue curve and then sets a monopoly price and quantity t o

which he holds in the ba rgaining.   In effect he acts as if the values of his units are higher than they are:  he overstates

18

his  values.  T his would yield higher prices and lower efficiencies than predicted for the competitive environment.  A

slightly more sophisticated theory would predict the monop olist would take advantage of the features of DA, that allow

transactions to take place at different prices, to price discriminate.  This would yield higher efficiencies but lower surpl us

to the buyers. (Of course, buyers should try to resist this practice so we would not expect to see it very often.)

                                                  T her e  is als o a natural extension of the auction theory.  Here the seller is setting reservation prices so as t o

maximize  her net revenue from the sale.   Because of the concentration of the units in the hands of one seller, the Gresik -

19

Satterthwaite limit results do n ot apply and we would expect that efficiencies would be lower and prices higher than in

the  co mp etitive environment.  Further, because of the one price feature of the RNA we will not see any pric e

discrimination.  T hus we would expect that efficiencies will be no higher than for DA and prices no lower.

Prediction:   In a monopolistic environment (with a single seller holding all endowments),

                                                  (a)  DA will produce prices and quantities near those predicted by a Robinsonian theory of monopoly excep t

                                                  in the rare case in which full price discrimination occurs,

                                                  (b)  RNA will produce higher prices than those predicted by the law of supply and demand, and will produce

                                                  lower sales than predicted by the competitive equilibrium,

     T hree papers not directly related to our research are Plott (1983), Brown-Kruse and Elliott (1990), and
                  20

Mestelman and Mueller (1992).

     T heir experiment was designed to reflect both a private and public permits market, but a fully operational
                  21
private market was never constructed.  FIPR incorporated a pseudo-private market into their analysis by allowing
only a percentage of the total permits to be sold at any time.  T he remaining unsold permits remained with their
original owners, representative of a "failed" private market.

                                                  (c) the efficiencies produced by DA will be at least as high as those produced by RNA.

                                                  I n  effect we are predicting that DA will produce higher efficiencies in both monopolistic and competitiv e
environments; that is, no matter what the initial allocation is.  Let us turn to  the experimental evidence.

3.0. Prior Experiment M ethodology and Results

                                                  Very few exper iments have been conducted comparing institutions for trading permit rights.   T hree studies,20
ho wever,  are relevant to our present research.  Franciosi, Isaac, Pingry, and Reynolds [1991] compared the revenu e
neutral aucti on to a uniform price auction under conditions simulating a pollution permits market.  Grether, Isaac, and

P lo t t  [1989] tested the efficiency and price variability of several mechanisms for an airline slot allocation project .

Altho ugh  not a permit model, it did include a sealed-bid auction and an organized trading process.  Smith [1981 ]
compared several mechanisms as monopoly constraining institutions.

                                                  Seve ral  of the experiments conducted by Franciosi, Isaac, Pingry, and Reynolds [1991], hereafter known a s

FIPR,  compared the RNA (as described above) to a uniform price auction (UPA).  The economy they designed consiste d
o f  1 0  b i dders of different economic (number of units with positive values) and historic (number of units initiall y
allo cated )  si ze.  T hus, the economy consisted of 2-3 bidders from each of the following combinations:  larg e
economically and historical ly, large economically but small historically, small economically but large historically, and
small  economically and historically.   In FIPR’s experiment, four measures of performance were used:  market price,
21
mar ket  efficiency, demand revelation, and earnings distribution.  Summarizing their results briefly, according to th e
measures listed above, both the RNA and UPA trac ked the competitive price well and had high per period efficiencies.

     FIPR do mention briefly in their conclusion that the extreme overbidding of the infra-marginal units could

                  22

signify a "hoarding effect."  T hose bidders who are initially endowed with units can retain those units, by bidding

almost infinite sums for the units while recovering the amount paid through the rebate feature of the mechanism.

T hey state that because of this feature, "an RNA may not be the ideal institution to counteract [the hoarding effect]."

(FIPR, 1991, p. 24)

                                                  T he amount of hoarding is not an independent performance criterion.  FIPR define hoarding as participants

bidding above their revealed demand to retain ownership of units they value.  We view this simply as the natural

strategic action of a seller.  In the same way that buyers try to get  a lower price, sellers try to get a higher price than

their value.  At its worst this form of hoarding, through misrepresentation of values,  might lead to participants

selling and buying  less than they would at a fully efficient allocation.  T he existence of a single seller may lead to

monopoly inefficiencies.  But the negative aspect of hoarding is still simply a lessening of efficiency.  Our measure

of efficiency will pick all that up. T here is no need for an independent measure.

     T he Double Oral Auction (DOA) is a predecessor of MUDA that allowed one unit to be traded at a time.

                  23

The RNA mechanism experienced high bidding patterns over the extreme infra-marginal units; tha t is, bids for the infra-

marginal units were in many cases more than double the redemption val ue for the same units.  Over most of the bidding

range, however, both the RNA and UPA reflecte d a modest amount of underbidding.  Finally, as expected, the winners

from the RNA were thos e bidders who were large historically but not economically (that is, those who had a lot to sell

with little value for the units).  T hese participants made a significant profit because of the rebate feature. 22

                                                  Grether, Isaac, and Plott [1989], hereafter known as GIP, analyzed a problem similar to that of FIPR.  GIP, in

co o r d inatio n  wi th the Civil Aeronautics Board, tested and proposed a new method for allocating airport takeoff an d

landing slots.  After the Airline Deregulation Act in 1978, entry into the airline industry increased dramatically.  Many

large  airports were already at full capacity for takeoff and landing slots; thus, these slots became even more scarce as

mo r e  air lines en tered the industry.  Many of the scarcity problems were blamed on the means of allocating slots-- a

committee  process that heavily favored large, well established airlines.  GIP were asked to devise a more efficien t

mechanism for allocating airport slots.

                                                  GIP conducted a series of laboratory experiments, tes ting and comparing the standard committee process with

a  o ne-p r ice seal ed bid auction (e.g., UPA) and with grandfathering plus an oral trading market (e.g., DOA).   T he y23

judged  these mechanisms on the basis of efficiency, responsiveness to changing circumstances, susceptibility t o

mo no p o ly  or collusion, implementation costs, service to small communities, and long-term industry growth.  T h e

committee  process was ruled inferior to the other two mechanisms on all criteria.  It was not governed by economics,

but  almost entirely by the initial distribution because that was the outcome whenever the committee could not reach a

     T he term "competitive" in our experimental work does not imply perfect competition.  It denotes an
                  24
environment in which the initial allocation of permits is distributed among all participants.  None of the subjects hold
a majority of permits, though some hold significantly more than others.

unanimous decision.

                                                  T o  solve the airport slot problem, GIP proposed the sealed-bid auction with aftermarket that redirected th e
money collected towards airport expansion.  This mechanism was highly efficient and satisfie d the other judging criteria
well.  Grandfathering plus trading was not chosen b ecause they believed that grandfathering would reinforce the power
of the status quo, making it harder for new entrants to break into the market.  We do not agree with the model chosen.

In  particular, the use of funds for airport expansion actually led to the downfall of the proposal because the airlines woul d
not  agree to use a mechanism that extracted rents from the system and then used it towards airport expansion; that is, the y
would not pay for services that they currently received free.  The auction was abandoned and consi dered politically non-
viable.

                                                  In  addition to the work done byFIPR and GIP, another important studyworth discussing is Smith’s [1981] pape r
that  co mp ar ed  t he efficacy of several institutions in containing monopoly power.  In our work, we examine differen t
institutions in both competitive and anti-competitive environments; there fore, Smith’s results are of interest to us.   T he24
mech anisms  that he tested included the double oral auction, a posted bid auction, an offer auction, and a posted offe r
auctio n  exp er i ment.  He wanted to use experimental evidence to answer several commonly posed questions:  Ca n
mo n opoly  advantage be neutralized by an institution that underreveals demand to the monopolist?  Can the Paret o
inefficiency generated by the monopolist’s  actions be improved by any of the institutions?  Do some institutions enable
buyers to counteract monopoly power better than others?

                                                  Smith  conducted ten experiments, varying the mechanisms under monopolyand duopoly conditions.  His result s
sho wed  that  the double oral auction allowed monopolists to restrict their output more effectively than all of the othe r
mechanisms except for the posted off er.  In addition, the average allocational efficiency of the double oral auction was
the lowest of all the institutions, lower than even the monopoly  equilibrium.  Of the four types of mechanisms, the offer
auction was the most efficient and the most effective at diminishing a monopolist’s power.

                                                  We summarize the findings of FIPR, GIP, and Smith in T able 1.

     Of course the environments differed across these experiments.  A comparison should be made in the same

                 25

environment before jumping to conclusions.

     T he other three boxes had been tested:  monopoly-DOA by Smith [1981], competitive-DOA by Smith and GIP,

                 26

competitive-RNA by FIPR [1991].

Insert T able 1 Here

Assum ing  transitivity between different experiments, the ordering from most efficient to least efficient mechanism i s

RNA > UPA (and others mentioned) > DOA or DA, which appears to be at odds with our first prediction in section 2. 25

In addition, FIPR (and Hahn-Noll) conjecture that the RNA reduces the likelihood o f a subject exercising market power

better than an aftermarke t, but do not test this conjecture.  We felt it was time to confront these issues directly.  We do

not test the UPA because even if it  is highly efficient, it is not politically viable.  We do compare the RNA and the DA

unde r both non-monopoly and monopoly conditions.  We measure and compare the stability of prices, efficiency, and

the final distribution of the gains from trade.

4.0. Our Experiment M ethodology and Results

                                                  B o th  the RNA and the DA (henceforth, termed MUDA) mechanisms were tested under non-monopoly an d

monopoly conditions.  T he number of experiments conducted is shown in the table below:

Insert T able 2 Here

An  extra experiment using the RNA under the monopolyenvironment was run because we could not find anyexperiment s

testing the Hahn-Noll mechanism under this cond ition.   Moreover, under the monopoly environment, the results were

26

evaluated  according to the relative strength of the monopolist.  Whether the monopolist was powerful or weak played

     FIPR’s experiments started with 40 units for sale and over the course of the experiment, this number was
                 27
periodically reduced until 20 units was reached.

     T he parameters indicate that participant #5 may be inclined to behave as a monopsonist.  From our experimental
                 28
results, we saw little evidence of this type of behavior.

a crucial role in our experiments.

                                                  Three mea surements were used to evaluate the mechanisms:  (1) efficiency, (2) price stability and (3) equity.

Efficiency  is measured as the efficiency gains from trading (gains from trade).  The gains from trade efficiency  was used
ins tead  of standard efficiency measures so that a mechanism is not  judged highly efficient simply because the initia l
distribution of permits is close to the optimal distribution.  The mecha nism must improve on the initial allocation.  If no
trades occur, then the gains from trade efficiency is zero.  T he following formula is used:

                                                                                                    sum of payoffs in an experiment - sum of status quo values

                                                  gft=_____________________________________________________

                                                                                                    sum of payoffs from maximum eff.  - sum of status quo values

Price stability   is measured by looking at two factors:  (1) do prices fluctuate gre atly from period to period and (2) how
well do they track the competitive price ?  Equity   (considered in monopoly experiments only) is measured by the final
distribution of the gains from trade claimed by the participants (monopolist and consumers).

4.1. Non-monopoly Environment

                                                  4.1.1. Design

                                                  T he  non-monopoly experiments used FIPR’s [1991] parameters for the 20 unit case.   T hese parameters are27
given  in the Ap p endix.   T o give the reader a feel for the difficulty of achieving 100% of the gains from trade in th e
28
environment we have included Figu res 10 and 12 which show the frequency and cumulative probability distribution of
efficiencie s  achieved by randomly allocating the units. T he average efficiency is about 75%, and there is a 30 %
probability of attaining this level or higher.

                                                  Ten  subjects (all Caltech undergraduates) participated in each experiment.  Subjects were allowed to participat e
in  o ne M UDA and  o ne RNA, but not in the same environment (in most cases, subjects participated in only on e
experiment).   Due to the complicated nature of the MUDA software, all subjects were required to have participated in

     We posted this information because it is generally common knowledge to all participants in pollution rights

                  29

markets because of the public regulatory authority.  Neither FIPR nor GIP provided this information in their

experiments.

     T hese instructions, as well as those for the monopoly experiments, were read out loud to the subjects.

                  30
a  previous MUDA experiment or have trained on the demonstration package.  We do not believed this trainin g

significantly  alters the results in favor of the MUDA; though, asymmetric training cannot completely be ruled out withou t

fur th er  experimental investigation.  Subjects were still "new" to MUDA when they participated in our experiment ,

however, because we allowed them to be "tr aders"--to both buy and sell units.  In most MUDA experiments conducted

at Caltech, subjects are either buyers or sellers, but not both.

                                                  In  both the MUDA and the RNA, one to two practice periods were conducted to acquaint subjects with th e

mechanisms (these practice perio ds were not recorded in the data).  Subjects were encouraged to practice trading units

and then record their transact ions.  In both types of experiments, participants did not use their redemption value sheets

d ur ing  practice; thus, the only information gained in the practice periods was additional familiarization with th e

mechanisms.

                                                  All  sub j ects  were given complete information regarding the initial allocation of endowments; that is, eac h

subject’s ID# and endowment (the number of units) were posted on the board.   In the RNA, t he final allocation of units

29

each period was not known (at the end of each period, subjects were handed a slip of paper with the number of units th ey

pur chased written on it).  In the MUDA experiment, because the software comes equipped with a history screen of all

transactions, it is possible for subjects to know who purchased how many units; how ever, due to the brief period of time

between periods, it is unlikely that anyone took advantage of this capability.  Subjects we re not allowed to communicate

with each other during the experiment, so they could not obtain the information directly.

                                                  Sub j ects  wer e gi ven a resale value sheet in their packets that remained the same over the course of th e

experiment.  Units purchased did not roll over from on e period to the next; that is, each period started with the subjects

receiving  only their initial endowment.  T his endowment remained the same over the course of the experiment.  Each

experime nt lasted 10 periods (only the experimenter knew this information).  For the MUDA experiment, each period

was 3 minutes and 30 seconds long.  A soft close rule applied if no trades occurred within 20 seconds; however, it was

never invoked.  A copy of the instructions for one of the non-monopoly experiments can be found in the Appendix.  30

     We acknowledge that our ex-poste  classification scheme may not be optimal for replication purposes, but it
                  33
proved the best method for studying individual effects without biasing our choice of monopolist.

     When the same monopolist was used, he participated in the MUDA experiment first and then the RNA.
                  34

Unfortunately, we did not run a similar test using another monopolist, reversing the order to see if any learning from
mechanism to mechanism was occurring.  Future research will consider this possibility more closely.

levels also did not differ greatly between the two mechanisms  across periods, though prices for the MUDA were higher
in  the ear lier periods.  T hese findings contradict statements made by Hahn and Noll and FIPR that initial allocation s
fo llo wed  by an RNA do not allow monopolies to prosper.  T hey do not acknowledge the similarities in the strategi c
situation facing the monopolist under each mechanism.  In the RNA, the monopolist can control pri ces and quantity sold
b y  b id d in g an infinite price for the units.  Because he was initially allocated them (giving him some form of propert y
rights to the permits), he faces no pe nalties by bidding an infinite price to retain them; that is, the price he pays and the
rebate he gets will cancel each other out if he chooses to repurchase all of his initially allocate d units.  T his feature gives
the RNA monopolist as much power as the MUDA monopolist, who simply withholds units, though, the f ormer receives
less information on equilibrium price levels than the latter.

                                                  B ecause  o f t he special nature of experiments with monopolists, the results appear to be very sensitive to th e
attributes of the subject chosen to be the mono polist.  We examined these individual effects by classifying monopolists
as  either  " p owerful" and "weak" categories.  We defined relative strength in terms of the total profits earned.  If th e
monopolist’s earnings were closer to the predicted earnings a t the competitive equilibrium, he was classified as "weak."

Simi larly,  if his earnings were closer to the predicted earnings for the monopoly equilibrium, then he was terme d

" p o wer ful ".   Using this classification scheme, we had two powerful and one weak monopolists for the MUD A
ex periments  and one powerful and three weak monopolists for the RNA experiments (See T able 5).   T he powerfu l33
monopolist in the RNA experiment was also one of t he powerful monopolists in a MUDA experiment.  He was the one
exce ption  to our rule of not allowing the same subject to participate in both the MUDA and the RNA under the sam e
environment.   We felt it was important for comparative purposes to test the mechanisms at least once while keeping
                                                                         34
the monopolist as a constant.  The results from the experiments were grouped and analyzed on the ba sis of the skill level
of the monopolist.

                                                  Co nsid er ing  first the efficiency levels of the RNA and the MUDA, we see that our results differ greatl y
depending  on the relative strength of the monopolist.  T he experiments with a weak monopolist have low efficiencies

     We specify an efficiency level as "low" if it is below the average gains from trade efficiency generated

                  35

randomly.  For the non-monopoly and monopoly experiments, the average gains from trade efficiencies generated

randomly are approximately 75% and 80%, respectively.

     While in general we can make the statement that across both mechanisms, the more powerful the monopolist, the

                  36

less efficient the results, we need to add one disclaimer.  If a powerful monopolist makes effective use of price

discrimination, then his efficiency may be high.  T his event occurred in experiment 3 of the MUDA.  T he monopolist

submitted few asks for units he wished to sell.  He primarily accepted bids posted by consumers; thus, he forced the

subjects to sort themselves out along an aggregate demand curve, which he "marched down", picking off the highest

bid for each subsequent unit.  He attained both the highest efficiencies and profits from this strategy. (Figure 9).

     Average prices for the MUDA for periods 1 and 2 were 349 francs and 249 francs, respectively.  T hey were not

                  37

included on Figure 6 because we wanted to show the latter periods in greater detail.

early but increase their efficiency levels quickl y (Figure 4).   T he difference in efficiency levels between the RNA and

35

the MUDA is negligible--on aver age, MUDA performs at least as well as the RNA, if not better.  T he results are listed

in T able 4.

                                                  Such  is not the case in the experiments with a powerful monopolist (Figure 5).  T he MUDA outperforms the

RNA in nine out of ten periods by substantial margins (ranging from 10  to 35 percentage points), and it achieves higher

gains  from trade efficiencies in earlier periods.  An interesting point to note is that this gap in efficiency performance

does not decrease over time (e.g., period 10 sh ows a 20 percentage point gap in efficiency between the MUDA and the

RNA).  The same holds true if we consider the gains from trade efficiency when  the monopolist is held constant (Figure

8).  The MUDA do es as well as the RNA in nine out of 10 periods and strictly better (by at least a 10 point margin) in

seven out of those nine periods. 36

                                                  Equilibrium prices varied as mu ch as efficiencies did between powerful and weak monopolists (Figures 6, 7).

As  one might expect, the more powerful the monopolist, the better able he was to keep prices high (and thus, volum e

tr ad ed  low).  T he powerful monopolists (Figure 7) maintained the price above the predicted monopoly price of 10 0

francs;  however, the MUDA experiments yielded lower prices consistently for nine of the ten periods.  T he weake r

monopolists’ equilibrium prices (Figure 6 ) followed the same pattern as those found in the non-monopoly experiments.

P r ices  fr o m t he MUDA experiment declined to the competitive price, and prices from the RNA rose from below th e

competitive price, surpassing the MUDA prices by period 7.   37

                                                  P r ices  acr o ss both the powerful and the weak monopolists did not fluctuate greatly except for the wea k

monopolist in the MUDA.  The great drop in equilibrium prices from period 1 to period 4 was produced, in part, by the

     By "trading volumes" in the RNA experiment, we mean the number of permits not repurchased by the
                  38
monopolist.

mo nopolist  capitalizing on mistakes made by two subjects in periods 1 and 2.  Both subjects misunderstood th e
instructions given them.  One subject thought that the units purchased carrie d over from period to period and proceeded
to  p ur chase all the units the monopolist was willing to sell at prices higher than her value sheet indicated.  T he othe r
subject thought that trading would continue as long as the soft  close rule was not invoked.  He purchased units at prices
higher than his redemption values for them  in hopes of reselling them later in the period at even higher prices, but time
ran out.  Thus, in both cases, bids were placed at unusually high prices.  The sharp drop in equilibrium prices for  MUDA

2 after period 2 (Figure 6) reflects the s ubjects’ realization of their mistakes and their unwillingness to purchase further
units at unusually high prices.

                                                  I n  the ca se of the strong monopolist experiment, the RNA yielded overall higher prices and lower tradin g
vo lumes  ( 1 -3  unit s traded per period) than the MUDA (2-4 units traded per period).   Even the gains from trad e
38
efficiencies  were higher in the MUDA than the RNA.  Focusing on the weak monopolists, we see that neither mechanis m
allowed monopolies to prosper.  Thus , an initial allocation followed by an aftermarket does not perpetuate monopolies
any more than an initial allocation followed by an RNA.

                                                  I n  addition to efficiency and price stability, the final distribution of profits was observed.  Once again, th e
relative strength of the monopolist determined how equitable was the distribution of gains from t rade.  In T able 6 we list
the  p er cen tage of the final distribution of gains claimed by buyers and the monopolist and the amount lost from th e
system (the "dead weight" loss).  Also listed are the theoretical percentage distributions at  the monopoly price and at the
co mp etitive  p r i ce.  T he powerful monopolists extract a noticeably larger portion of the wealth than the weake r
monopolists across both mechanisms.  With one exception, there are no signi ficant differences in the equity distribution
between the strong monopolists.  The one exception t o this assertion is the powerful monopolist from MUDA 3, whose
price discriminating techniques earned him 75% of the total available gains from trade. T he RNA, on average, appears
to return more of the gains from tr ade to the consumer under weak monopoly conditions, though the distribution under

MUDA 2 was quite similar to that under RNA 2.

                                                  T he  r esul ts from our monopoly experiments show that the efficiency of both the RNA and the MUDA is a
function of the relative strength of the monopol ist.  But, the efficiency achieved by randomly  allocating units is higher

     RNA 1 had two periods where the gains from trade efficiency was negative; that is, where the initial allocation

                  39

was superior to the end of period allocation.

than  the efficiency of any of our monopoly experiments.  Thus, neither the MUDA nor the RNA fully protect participant s

from monopoly power.  One unique feature of the MUDA, however, is that it allows a discriminating monopolist t o fully

exercise  his power on the system.  This situation produces an interesting trade-off between efficiency and equity.  Thoug h

gains from trade efficiencies are higher under the discriminating monopolist than any of the oth er powerful monopolists,

he claims most of the surplus for himself .  T hus, though he eliminates much of the "dead weight" loss from the system,

the discriminating monopolist leaves a smaller percentage for other permit buyers.

5.0.  Summary

                                                  Our  results have shown that the use of markets for trading permits can be quite effective.  Participants wer e

alwa ys  made better off under both mechanisms tested than under the initial allocation.  Even with very cleve r

monopolists, participants usually had positive gains from trade. 39

                                                  Overall,  the MUDA dominated the RNA.  In the early periods of the non-monopoly experiments, the gains fro m

tr ad e  efficie ncies of MUDA were higher and its prices more stable.  On average across all three experiments, th e

MUDA’s  efficiency levels were higher and less volatile than the RNA’s efficiencies.  T he monopoly experiments also

yielded favorable results for the MUD A.  In particular, if we kept the same monopolist across both the MUDA and the

RNA,  in 7 out of 10 periods the MUDA had higher gains from trade efficiencies (by more than 10 percentage points)

than the RNA.  The learning curve was steeper using the MUDA, as demonstrated by the higher gains from trade in both

the non-monopoly and strong monopoly experiments  for periods 1-4.  Subjects received multiple price signals over the

3 minute 30 second periods and were able to adjust their bids/asks accordingly .  In the RNA experiments, subjects were

able to do the same only once per period.

                                                  Previous  research done by Hahn and Noll and FIPR in the area of marketable permit systems reports misgiving s

r eg arding  the use of aftermarkets as a trading mechanism.  In particular, one concern echoed in both papers is tha t

alloca ting permits and then running an aftermarket might perpetuate monopolistic behavior if one participant receives

and hoards most of the  permits.  Our research has shown that is true to a lesser extent than predicted.  Further, it is not
solely  an aftermarket phenomenon:  to the extent that monopolists prevent efficiency gains, the effect is the same for bot h
the RNA and the MUDA.

                                                  Finally,  equity is controlled mainly by the initial endowment--not by the mechanism.  The solution to monopol y
effects is to change the initial distribution of rights if this is politically viable.  We conducte d our monopoly experiments
under  the most extreme anti-competitive condition--giving all of the initial allocation to one person.  If this allocation
could be adjusted only a little then others would receive a higher percentage of the distribution of equity.

FIPR PARAMET ERS FOR T HE NON-MONOPOLIST IC ENVIRONMENT

                                                                                                    UNIT  #

PERSON 1 2 3 4 5 6 7 8 9 ENDOWMENT

1 11.65 7.18 2.77 2.76 1.13 1.04 .70 4

2 10.32 9.43 8.26 8.12 4.53 4.23 1.06 3

3 10.87 5.33 1.35 .27 .21 .15 3

4 11.34 8.22 7.04 3.07 .76 .46 3

5 11.27 10.53 9.15 8.23 7.91 7.60 7.00 1.83 .39 1

6 11.00 3.37 .87 .16 2

7 11.40 4.79 .65 1

8 10.56 3.78 .52 1

9 10.76 5.97 4.53 3.40 1.45 1.43 1.22 1

10 11.00 7.95 2.97 2.23 .89 1

T he competitive equilibrium price is 7.18.

T he competitive equilibrium quantity is 20.

T he competitive equilibrium allocation is:

PERSON ALLOCAT ION NET  T RADE

1 1 -3

2 4  1

3 1 -2

4 2 -1

5 6  5

6 1 -1

7 1  0

8 1  0

9 1  0

10 2  1

SMIT H PARAMET ERS FOR MONOPOLIST IC ENVIRONMENT

UNIT  #

                                                  1 2 3 4 5 6 7 8 9 10 Endow.

MONOP.

                                                  90 85 80 75 70 65 60 60 60 60 10

BUYER #

2 150 60

3 140 70

4 130 80

5 120 90

6 110 100

T he competitive equilibrium price is  80.

T he competitive equilibrium quantity is 10.

T he competitive equilibrium allocation is:

PERSON ALLOCAT ION NET  T RADE

MONOP. 2 -8

BUYER 2 1 1

BUYER 3 1 1

BUYER 4 2 2

BUYER 5 2 2

BUYER 6 2 2

T he monopoly price is 100.

T he monopoly allocation is:

MONOPOLIST 5

BUYER 2 1

                                                                                                    3 1

                                                                                                    4 1

                                                                                                    5 1

                                                                                                    6 1

T able 1: Summary of Prior Experiments

Environment Comparison (Efficiency)

FIPR (non-monopoly) RNA>UPA

GIP (non-monopoly) UPA>DOA

Smith (monopoly) PO,PB/UPA,OA>DOA

T able 2: Number of Experiments Conducted

         RNA             MUDA

            Non-Monopoly           3          3

            Monopoly           4          3

T able 3: Efficiencies in Competitive Environment

Avg. Over All Avg. Over Periods

Periods and 1-4 and all Prob(Random>Avg.

Experiments Experiments Over All Periods)

MUDA 85.2 79.2 5%

RNA 64.6 65.2 62%

Random Allocation 75.0 N/A N/A

T able 6: Final Distribution of the Gains from T rade

         Buyers%    Monopolist%       Loss%

T heoretical :

at Competitive

Price 70% 30% 0%
at Monopoly

Price 38% 49% 11%

Experimental :

MUDA 1* 26% 51% 23%

MUDA 2 42% 32% 26%

MUDA 3** 15% 77% 8%

RNA 1 62% 26% 12%

RNA 2 44% 23% 33%

RNA 3 69% 21% 10%

RNA 4* 15% 44% 41%

* Same strong monopolist

** price discriminator

References

Brown-Kruse,  J. and S.R. Elliott, 1990, Strategic Manipulation of Pollution Permit Markets:  An Experimental Approach ,

University of Colorado Working Paper.

Car lso n,  D. ,  Fo r m an, C., Ledyard, J., Olmstead, N., Plott, C., Porter, D., and A.M. Sholtz, 1993a, An Analysis an d

Recommendation for the T erms of the RECLAIM T rading Credit, mimeograph.

Car ls on,  D. and A.M. Sholtz, 1993, Designing Pollution Market Instruments:  T heory and Practice, T he Case o f

Uncertainty, mimeograph.

Dales, J.H., 1968, Pollution, Property and Prices (University of T oronto, T oronto).

Franciosi, R., Isaac, R.M., Pingry, D., and S. Reynolds, 1991, An Experimental Investigati on of the Hahn-Noll Revenue

Neutral Auction for Emission Licenses, mimeograph.

Fr anciosi,  R., Isaac, R.M., Pingry, D., and S. Reynolds, 1990, Marketable Acid Rain Emissions Permits:  A n

Investigation of RNA, mimeograph.

Gresik, T. and M. Sat terthwaite, 1989, T he Rate at Which a Simple Market Converges to Efficiency as the Number of

Traders Increases: An Asymptotic Result fo r Optimal T rading Mechanisms, Journal of Economic T heory 48, 304-332.

Gr ether ,  D. ,  Isaac, M., and C. Plott, 1989,  T he Allocation of Scarce Resources:  Experimental Economics and th e

Problem of Allocating Airport Slots  (Westview, Colorado).

Hahn, R., 1989, Economic Pres criptions for Environmental Problems:  How the Patient Followed the Doctor’s Orders,

Journal of Economic Perspectives 3, 95-114.

Hahn, R. and G. Hester, 1989, Marketable Permi ts:  Lessons for T heory and Practice, Ecology Law Quarterly 16, 361-

406.

Hahn,  R. and G. Hester, 1989, Where Did All the Markets Go?  An Analysis of EPA’s Emissions Trading Program, Yal e

Journal on Regulation 6, 109-153.

Ha hn,  R. and R. Noll, 1983, Barriers to Implementing T radeable Air Pollution Permits:  Problems of Regulator y

Interactions, Yale Journal on Regulation 1, 63-91.

Hahn,  R.  and  R.  N oll, 1982, Designing a Market for T radeable Emissions Permits, in: W.A. Magat, ed., Reform o f

Environmental Regulation (Ballinger, Massachusetts).

Mestelman, S. and A. Mueller, 1992, Experimental Examination of NO  Permit Markets, McMaster Universi ty Working

x

Paper.

Myerson, R. and M. Satterthwaite, 198 3, Efficient Mechanisms for Bilateral T rading, Journal of Economic T heory 29,

107-133.

No ussair ,  C., 1992, A T heoretical and Experimental Investigation of Auctions in Multi-Unit Demand Environments ,

Caltech Dissertation.

Plott,  C., 1991, A Computerized Laboratory Market System and Research Support Systems for the Multiple Unit Doubl e

Auction, Caltech Working Paper #783.

Plott, C., 1983, Externalities and Corrective Policies in Experimental Markets, T he Economic Journal 93, 106-127.

Riker, W., 1989, A Political T heory of Property Rights:  Airport Slots, mimeograph.

Smith, V., 1981, An Empirical Study of Decentralized Institutions of Monopoly Restraint,  in:  G. Horwich and J. Quirk,
eds., Essays in Contemporary Fields of Economics (Purdue, Indiana).

A verage E quilibrium P ric es

W eak  Monopolis t s

50. 00

100. 00

150. 00

1

period
price in
francsyt
contributed

UVWXYZ{|}

~� N A  ( 3
exp)r)xper.)

� M D A  ( 1

NA  (3 ex p)r)x per. )� MDA  (1 ex p)r))p)r)� S mt h DOA  (3 ex p)r)

DA  (1 ex p)r))p)r)� S mt h DOA  (3 ex p)r)

t h DOA  (3 ex p)r)

2onop DOA É Ê Ë ÌÍÎ

3ÕÖ× ØÙÚÛÜÝ Þ

4é

G a i n s  F r o m  T r a d e  E f fi c i e n c i e s

A vg .  A c r o s s  N o n - M o n o p o l y  E x p e r i m e n t s

0 . 0

1 0 . 0

2 0 . 0

3 0 . 0

4 0 . 0

5 0 . 0

6 0 . 0

7 0 . 0

8 0 . 0

9 0 . 0

1 0 0 . 0

1 2 3 4 5 6 7 8 9 1 0

p e r i o d
percent efficiency

R N A M U D A

A verage P ric es

A c ros s  Non-Monopoly  E x periment s

0

200

400

600

800

1 2 3 4 5 6 7 8 9 10

P eriod

Price (in francs)

RNA MUDA

Gains  From Trade E ffic ienc ies

A veraged A c ros s  E x periment s

-10. 00

0. 00

10. 00

20. 00

30. 00

40. 00

50. 00

60. 00

70. 00

80. 00

90. 00

1 2 3 4 5 6 7 8 9 10

period
percent effiency

RNA  (4 ex p) MUDA  (3 ex p) S mit h (3 ex p)

S eries 4 S eries 5 S eries 6

Gains  From Trade E ffic ienc ies

A vg.  A c ros s  P owerful Monop.  E x periment s

0

20

40

60

80

100

1 2 3 4 5 6 7 8 9 10
period

percent effiency

RNA  (1 ex p) MUDA  (2 ex p) S eries 3

S eries 4 S eries 5 S eries 6

Gains  From Trade E ffic ienc ies

A vg.  A c ros s  W eak  Monopolis t  E x periment s

0. 00

20. 00

40. 00

60. 00

80. 00

100. 00

1 2 3 4 5 6 7 8 9 10

period
percent effiency

RNA  (3 ex p) MUDA  (1 ex p) S mit h DOA  (3 ex p)

S eries 4 S eries 5 S eries 6

Gains  From Trade E ffic ienc ies

A vg.  A c ros s  W eak  Monopolis t  E x periment s

0. 00

20. 00

40. 00

60. 00

80. 00

100. 00

1 2 3 4 5 6 7 8 9 10
period

percent effiency

RNA  (3 ex p) MUDA  (1 ex p) S mit h DOA  (3 ex p)

S eries 4 S eries 5 S eries 6

Gains  From Trade E ffic ienc ies

A vg.  A c ros s  W eak  Monopolis t  E x periment s

0. 00

20. 00

40. 00

60. 00

80. 00

100. 00

1 2 3 4 5 6 7 8 9 10

period
percent effiency

RNA  (3 ex p) MUDA  (1 ex p) S mit h DOA  (3 ex p)

S eries 4 S eries 5 S eries 6

Gains  From Trade E ffic ienc ies

A vg.  A c ros s  W eak  Monopolis t  E x periment s

0. 00

20. 00

40. 00

60. 00

80. 00

100. 00

1 2 3 4 5 6 7 8 9 10
period

percent effiency

RNA  (3 ex p) MUDA  (1 ex p) S mit h DOA  (3 ex p)

S eries 4 S eries 5 S eries 6

5

1

10

10

100

100
number of
generationstributedUVWXYZ{|}~�

IPR Valuesstsects¬

5

eficiency

Gains fromTradeEficiencies

MonteCarloProcess

IPRValuesstsects¬

5 15 25 35 45 55 65 75 85 95

1

10

100

1000

10000

number of
generationstributedUVWXYZ{|}~

� m i t h  V a l u e s t s e c t s ¬
effic ienc y

Gains  from Trade E ffic ienc ies

Mont e Carlo P roc es s

Gains  from  Trade E ffi c ienc ies

Cum ulat ive Dis t ribut ion

0

0. 1

0. 2

0. 3

0. 4

0. 5

0. 6

0. 7

0. 8

0. 9

1

1 4

0

1

0

0
effic ienc y
percent

FIP R V alues

Gains  from Trade E ffic ienc ies

Cumulat ive Dis t ribut ion

0

0. 1

0. 2

0. 3

0. 4

0. 5

0. 6

0. 7

0. 8

0. 9

1

1 4

0

1

0

0

effic ienc y

percent

S mit h V alues