dIAscp

STUDYING ENVIROMMENTAL REGULATION IN LABORATORY ENVIROMMENTS

Stuart Meatelman
McHaster Univeraity
Hanilton, Ontario, Canada

e-mall: mestelma@acmaster.ca

Abstract

Several projects vhich address {ssues of environmental regulation and the

of property resources are in progress in the Experimental
Bcononle: Laboratory at McHaster Unfversity. The msarket and non-market decision—
making environments which are created in the laboratory setting to study
environaental regulaction and common property resource management are prasented
in this paper.

This paper has been prepared for presentation in the session Market Mechanisos
and Collective Decision-Making: Laboratory Evidence on Environmental Management
at the Fifth Comson Property Conference of the International Association for the
Study of Common Property, 24-28 May 1995, Bodo, Norway.
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Studying Environmental Regulstion in Laboratory Environments

Stuart Mestelman

I. INTRODUCTION

Members of the Departmenc of Economics at HMcMaster University are
participating in a sajor eco-research programme at the University vhich is funded
by the Government of Canada and vhich focuses on the restoration of the Hamilton
Harbour and the harbour eco-systeam. The McMaster research programme encowpasses
researchers from the humanities, social sclences, physical sclences, health
sclences, and engineering. While much of che research is discipline orfented
(such as engineers studying water flows in the harbour and how this affects the
distribution of toxic subatances and biologists studying the effacts of toxic
substances on bird populations), a considerable anount of inter—disciplinary vork
{3 being undertaken (such as psychologista, sociclogists, and economists joining
to prepare surveys to evaluate attitudes toward the environment and to acquire

contingent valuations of different environmental projects).

Laboratory msethodology is becoaing established as an effective tool for
evaluating economic theories about individual and market behaviour and for
testbedding institutions designed to implement regulatory policles (Plotc, 1991).
Experimental economics laboratories are established in the United States, Europe,
the United Kingdon, and Japan. As parc of the eco-research programme, McMaster
University has eatablished the first dedicated experimental econoaics laboratory
in Canada. Work is proceeding on the study of a pollution eamission permit

trading scheme which has been proposed for nitrous oxides and sulphur oxides i{n



Canada (Godby et al., 1994, 1995; Mestelman et #l., 1993; Muller and Mestelman,
1994). Research is directed towards studying the benefits of permit banking, the
trading of permit entitlesents, market uncertainty, and industry concentration
(Brovn Kruse et al., 1995). In addition to studying market based regulation
schemes, researchers at the McMaster Experinsental Economics Laboratory are
studying voluntary allocacions by individuals of resources to group goods (such
as environmentsl clean—up) snd alternative forms of collective decision-making
for determining envirormentsl standards (Chan, Godby et al., 1994a, 1994b; Chan,

Mestelman et al., 1995a, 1995b).

It is important to note that participants in laboratory markets and
collective decision—making envirorments are not engaged in a simulation exercise.
Real markets are created in a controlled envirorment and real money is paid based
on the decisions made by traders {n these markets. In collective declsion-making
environments, the actions of each individual have an impact on the payoffs of all
individuals. Unless there 1s reason to bellieve that the payoffs to participants
are salient, it is unlikely that the outcomes of the lsboratory environments will

be oeaningful.

The laboratory envirotments in vhich easlssion perait trading and voluntary
contributions to public goods are studied are presented In the following
sections. These environments are flexible and can be easily adapted to study
other problems. The three environments described below sre the envirorment in
which both permits and entitlements to permits may be traded and the market has
s balanced oix of firm types (some small, some large, some with high abatement

costs, some with low abatement costs), the environmsent in which the markst for

permits contains s "large” doninant firm and a group of “small® fringe firms, and
the environment in vhich voluntary contributions sre made towards the provision

of a public good (such as the maintenance of a resource vhich can be used by all

bers of a iey).

II, PERMIT TRADING WITHOUT A DOMIRANT FIRM

2.1. The Setting

The decision—making enviromment in which agents buy and sell permits te
eait pollutants and encitlements to future permits may be complex. In its most
complex foram i{n the laboratory, in addition to trading decisions, agents must
deternine a plan for allocating permits across time and hov to deal with the
uncertainty that they may £find themselves with a surplus or deficit of permits
because of events external to the market. Ambient air quality within the
vicinity of the firm may be the measure of emissions released by the firm. The
firs may plan for a particular ambient alr quality, vhich will require that fct
relinquish & particular mmber of ealssion pernits. If an atir inversion in the
vicinity of the firm results in lowver ambient air quality than anticipated, the
firm aust remit more pernits than it planned to use. The alternatives are to pay
a large fine, scquire additional permits from the market, or reduce {its

inventories of permits.

The Canadian perait trading proposals were firat cons{dered fn a laborstory
environment in which no transactions wvera computer mediated (Mestelman oc al.,

1993, Muller and Mestelaman, 1994). This environment required that tradsrs



manually maintain all of their trading and p;:oduccton records. This msade it
difficult for craders tro concentrate all of cheir attention on sarkec
transactions. The current wvork on omission parmit trading at McMaster's
Experimental Economics Laboratory (McEEL) uses a computer-cediated environment
which reduces the effort and attention traders must devote to record keeping,
wvhich s all aaintained via the computer stations into vhich the subjects enter
their trading and production decisions.! Sections 2.2, 2.3, and 2.4 are taken

and adapted from Codby et al. (1995).
22 The Trading Environaent

In the eaission trading environaent which is currently being used in McEEL
a session consists of periods which are divided into 6 sub—periods or phases —
share market, distribution, primary coupon market, production decision,
production result, and reconciliation. Rot every phase occurs in every

treatment.

During the share market phase traders buy and sell shares in a computerized
double auction market. This phase only occurs under trestments with tradable
shares. The share market phase is followed by the distribution phase, {n which
subjects receive coupons according to thelir current holdings of shares and the
previously announced coupon dividend rate for chat perlod. The disctribucion

phase does not require any intervention from the traders. During the primary

coupon asrket phase, traders again buy and sell p ina puterized double-

! The software is adapted from RNAJ, a computer program developed by Shawn
LaMaster and colleagues at the University of Acizona.

o

auction market. During the production declsion phase, traders chooss the nuabar
of units of the input to use and consequantly the number of coupons they will
need. In the produccfon result phase, which occurs once all production plans
have been submitted, traders are informed of their actual input use and of the
cash generated from current production. Under the uncertainty treatment, actual
input use may differ from planned input use by an amount specifled in advance by
the investigators. In the present case these errors vere drawvn from a uniform
distribution over the values (-1, 0, +1). This feature models measuresent orror
(as discussed by Carlson ez al., 199)) or other errors in determining emissions.
Such other errors might include unforeseen changes in output or changes {n the

availability of a substitute for the rationed input.

During the reconclliation phase traders buy and sell coupons in a
computerized double—suction market to eliminate any coupon deficit or unvanted
coupon surplus. We chooss not to allow traders to plan a coupon deficit during
the production decision phase. Nevertheless, when uncertainty is present, it may
be the case that actual use exceeds coupon holdings. In this case, the trader
has a coupon deficit that must be cleared by purchasing more coupons.
Similarly, traders may deliberately incur a coupon surplus (in the production
declsion phase) that they choose to sell rather than to bank. The reconciliation

period allows such trades.

In the coupon-redemption phase, traders red the her of p

corresponding to their actual inpuc. Traders vith a coupon deficit pay a per
un{t penalty which 1s greater than any trader’'s marginal abatesent cost.

Subsequently, eliainating the deficit becomes a first charge against any coupons



acquired in the following period The coupon-redeaption phase does not require

any intervention on the trader’s part

After the coupon-redemption phase the next perlod begins with a share
market (if enabled) and a new distribution of coupons. There is no share market
in the last period of the session. At the end of the session, traders’ earnings

are converted to Canadian dollars and paid privately in cash.
2.3. The Planner and Wizard

The markat {nstitution just described clearly places major cognitive
demands on the traders. When banking is alloved, the marginal value of a coupon
1s not determined directly by the trader’s asbatement cost schedule for the
current trading per{od, but rather by the place in the schedule that the coupon
would occupy if all current coupons and anticipated coupon dividends are
allocated optimally over the remaining periods of the session. Siailarly, the
marginal value of a share is derived from the incremental value of the coupons
{t bears. These values are the output of simple, deterministic maximization
problems. In the fleld, the operations research department of partfcipating
firas could certainly compute these marginal values, given any trial holding of
shares and coupons. Accordingly, traders are provided with a production planner
that simulates an operations research deapartment. The production planner is
shown in & vindow on the computer screen. Traders can enter any trial quantity
of coupons and shares. The production planner computes the abatement cost—
sinimizing allocation of current and anticipated coupons over time and reports

both the allocation, the corresponding profit, and the change from the current

holdings.

Even the production plannexr may be too time—consuming for traders to use
in the courses of the auction markets Accordingly, traders are also provided
wvith advice from trading and production wizards. The trading wizard uses the
production planner to compute the marginal value of coupons or shares, depending
on the phase of the market, and displays its advice in a window during the
primary coupon market, the reconciliation market, and share markec phases of the
period. The production wizard sfaply displays the operating profit-maximizing

number of input units to use during the production decision phase.
2.4. An Example

Table 1 displays the marginal sbatement cost saving schedule (in Laboratory
dollars, L$) for a trader in an emission permit trading enviromment. In this
abbreviated example, the trader wust plan over a three period time horizon If
this trader uses five coupons in period 1, the abatement cost saving {s the sum
of L$200, L$190, L$180, L$170, and L$S160, for a total abatement cost saving of
L$900. The trader has been given an entitlement of two shares, vhich each pays

a coupon dividend of two coupons in periods 1 and 2 and one coupon in perled 3.

Figure 1 displays the information presented to the trader during the share
phase. The Status vindow shows the trader’s Inventory of shares, coupons and
cash at all ctimes. A Market window displays the current Ask and Bid The Clock
vindov displays time remaining In the market. In the top right corner, the

Vizard displays its trading advice Traders should be able to infer from this



their saximum willingness-to-pay for a coupon (l.e. their maximus bid) and thelr
oiniaum willingness-to—accept payment for a coupon (i.e. their minimum ask). The
Planner, which can be directly acceased during crading, allows traders to
calculate their profits for any trial number of shares or coupons. The ctrial
numbers are adjusted using the arrow keys. The Planner advises this trader to
allocate 4 coupons in period 1 and three coupons in each of periods 2 and 3.
Table 1 shows that by transferring one coupon from period 2 (during which the 2
shares pay & dividend of 2 coupons each) to period ) (during which the 2 shares
pay a dividend of 1 coupon each), abatement cost savings vwill increase by L§$10
(by giving up abatement cost savings of L$170 {n peried 2 this trader gains

abatement coat savings of L$180 in period 3).

Furthermore, if this trader purchased one more share at the start of period

1, there will be 5 additional coupons to allocate over the thres periods. The

15 coupons will be most effactively allocated 1f § P wvere red d in each
of the three perfods This will {ncrease this trader’s abatement cost savings
by L§160 in perfod 1, L$330 in period 2, and L$330 in period 3. The total
abatement cost saving is L$820 (which is reported by the Wisard in the top right-
hand box). This trader could profit by paying up to L$820 for an additional
share. The other value reported in the Vizard box {s L$900. This ia2 the
abatement cost saving vhich would be lost Lf one of the two shares was sold in
this firsc round of trading. By selling this share, only five coupona would be
available for use over the three periods. Optimal coupon use will fall by two
coupons in period 1, by one in period 2, and by two in perfod 3. The total
reduction in abatement cost saving is L$3S0 in perlod 1, L$180 in period 2, and

L$370 {n period 3 The total of these values, L$900, {s the minimum price the

trader should accapt for the sale of one share Lf cthe trader wvanted to maximize
profit. Once a share is purchased or sold, the Wizard amends its advise to

reflect the value of the next transaction.

Figure 2 displays the informatfon presented during the primary coupon
sarket. Nota that the Vizsard now displays advice about the value of additional
coupons rather than shares. Assuming no shares were bought or sold during the
share sarket, this trader could {ncrease abatement cost saving by purchasing one
additional coupon and using it {n period 2 or period 3. Abatement cost saving
vill i{ncrease by 1§170. Similarly, by selling ona coupon, the trader will reduce
the number of coupons that can be redeesed in period 1 from four to three, and
abateaent cost saving vill fall by L$170 This trader should nefther pay more
than L$170 for an additfonal coupon nor accept less than L$170 for the sale of
one coupon. This is reported in the Wizard box. Once a coupon has been
purchased or sold, the Wizerd box 1s amended to reflect the value of the next
transaction. As Figure 2 {s presented, there are 31 seconds remaining for
trading in Perlfod 1, the outstanding bid is L$90 and the outstanding ask is
L$300, both entered by trader 1 (vhose screen {s di{splayed). No trades have besen

made in Period because the List of Trades box iz empty.

Figure 3 displays the informat{on presented during the production decision
phase. Note that the Production Decision window gives information on coupons
owned snd coupons intended to be used (Planned Input), togecher with the ioplied
effect on this perfod’s cash balance. The Planner indicates the profit
maximizing allocation of an alternative bundle of shares and coupons. The screen

displayed in Figure 3 shows the VUizard recomaending the use of 4 coupons in the



firsc period. The Production Decision box shows the nev cash position which
would result {f only 2 coupons are used. The Planner reflects the optimal
allocation of coupons if this trader had two coupons available for the firsc
period and 3 shares avatilable for the remaining two perfods. The recommended
allocation Is correct, but it is not s particularly meaningful scenario to
describe, because this trader has &4 coupons available for the current perfod 1,
not 2 coupons. Although the Planner is a useful planning tool, it is only as
effective as the trader wvho asks the questions. If you ask inappropriate

questions, you will get inappropriate answers!

Figure 4 displays the {information given the trader during the
reconciliation sarket. This trader chose to use 4 coupons in perfod 1 (as
recommended by the Vizard). This trader’s cash position has increased to L$1540
(L$500 is the Cash endovment shown in Figure 1, L$300 is the net sales revenue
received by this trader for sales of output, which is fixed each period, and
L$740 1s the abatement cost saving realfzed by the use of & coupons in period 1).
This trader, hovever, was unfortunate. Notice that the Status box in Figure &

ind{cates a coupon deficit. Conditions were such that this trader must daliver

an additional coupon to the regulator. If this coupon is not delivered, the_

trader will have to pay a L5200 penalty and give up a coupon in the next perfod.
If the trader can purchase an additional coupon during the reconciliation market,
the trader saves both the fine (L$200 fn this case) and the coupon’s value vhen
used optimally in future periods (L$180 {n period ), given optimal banking).
Therefore, the value of a coupon to this trader is yp to L$380 {n the period 1

reconciliation market. This is reported by the Wisard in Figure 4.
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2.5. Closing Comments

This environment is complex. Although traders are provided with a tool to
assist them to make sale, purchase, and coupon—use decisfons, traders are free
to speculate on the decisions that others will make. The outcomes of these
market interactions are very dependent upon the behaviour of the traders in the
markets. An {oportant question 1is “Does the trading environment provide
sufficlent incentives to traders to use the informatfon available in such a way
as to lead to efficient outcomes?® In this context an efficient outcome is one
vhich minimizes the cost of achieving the level of emission prescribed by the
regulator. The outcome is not predetermined by the valued induced by the
experimenters, in the manner that the outcome of a numerical simulation is

predeterained by the parameterization of the model.
IIT. PERMIT TRADING WITH A DOMIRANT FIRM
3.1. The Setting

In some ways this environment is not as complex as the previous
environment. This environment, however, does not present a transparent problea
to the traders in these markests. The environment contains one large trader,
vho would produce 10 units of output in the absence of any regulation. There are
ten small firms, vho would each produce 1 unit of output in the absence of any
regulacion. One research question is “Can the doainant firm exercise monopoly
or monopsony pover in the emission perwit market {f given the opportunicy?® A

second research question is *"Can the dominant firm msnipulate the price in the
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product msarket by exercising poly or psony powver in the emission permlic !

which the buyer or seller is participating (under MUDA it i3 posaible for traders
wmarket?*

to participate siaulcaneously in many markets for many different products), the

Period, and the Time reaaining in the period. A second and third series of boxas
The market for permits (the access to a regulated imput) is a double-

display the outstanding 3ID PRICE and the outstanding ASK PRICE, along vith the
auction aarket in which some agents are sellers and some agents are buyers. None

quantity demanded (bid for) and supplied, QNTY and the identificaction nuaber (ID)
of the agents are able to trade on both sides of the msrket. The market price

of the trader who has entered the outstanding bid or ask. The INVETRY box
for the final product is the price which will clear the units supplied by the

reporta the buyer’s or seller’s inventory of units bought or availsble for sale.
eleven producers. All producers know vhat market demand is, but not what others

Finally, the PRICE and QNTY boxes at the right of the top row will contain the
will produce. The dominant firm knows the production costs and sbatement costs

buyer‘’s or seller’s bid price or ask price and the quantity demanded or offered
of all of the fringe firms. The double—auction market for permits is a computer-

for sale (one unit in all cases for this experiment).
med{ated trading institution.

The second row provides prompts to the buyers and sellers to aid thea in
3.2. The Double~Auction Trading Environment
entering bids and asks, accepting ocutstanding asks or bids, and cancelling bids

or asks wvhich they previously entered. To enter a bid, a buyer must type the bid

The double~auction trading institution vith a dominant firm and ten fringe
price in the right-hand PRICE box, type 1 in the QNTY box, and then press the F1

firas {s implemented using the zultiple-unit double-suction (MUDA) software
function key on the coaputer keyboard. If a seller wishes to accept the

developed at the Californis Institute of Technology. This software does not
outscanding bid, che seller presses the Ctrl key on the coaputer keyboard. In

provide che record keeping functions described in the previous section. The
this environment, only & bid or an ask which improves on the outstanding bid or

buyers and sellers wmust keep manual records of sales and purchases and the
ask is accepted and displayed on the screen. All traders see the same ID, BID

profits on all ctransactfons. The MUDA software facilitates the market
PRICE, and ASK PRICE boxes. The F3 key calls up a CONTRACTS HISTORY screen vhich

intersctions, and records all bids, asks, and contracts. The abatement cost
peruics the trader to see the list of all previous contracts, the period in vhich

savings assocfated with the use of a permit, and the profits gained by selling
they were made, the time fn the period, who the buyer and seller were, the price,

or buying persits must be coaputed from the records kept by buyers and sellers.
the quantity traded, and the total value of the transaction. This assiats the

traders in maintaining their record sheets. This also permits the sxperimenters
Figure S5 displays the trading screen and the Contract History screen for
to reconstruct the record sheets of all subjects and check their calculacions of
MUDA At the top of Figure 5 are a series of boxes which diasplay the Market in
earnings.

12
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3.3 The Product Market

8

When output decisions can affect the price of the product, the eleven
producers privately transmit an output decision to the experimenter. The
experimentsr determines the total output produced by the eleven producers and
announces the price vhich will clear the market. Each producer then determines
the profit earned that period. Cost {s determined by the numher of unita of

output produced and the number of permits vhich are used.
3.4. Closing Comaents

While this environment appears t'o be much lass coaplex than the enviromment
in vhich traders could carry permits (cslled coupons) from period to period and
in which they could trade entitlements to permits, the variable product price
creatment in this environment introduces a degree of complexity vhich askes the
ultimate permit use and output less than transparent. Because the price of the
product is not determined vhen decisions must be made about the purchase or sale
of permits, the realizarlion of any particular allocation of permits, use of
permits, and distribution of output across the dowinant and fringe firms is
deperdent on the expectations of the agents. Vhether a particular solution
prevails will depend on the behaviour of the traders in these environments.
Vhether the double—auction institution supports a competitive outcome or an
japerfectly competitive (monopolistic or monopsonistic) outcome is not a
prediction of the theoretical models underlying this environment (see Brown Kruse

et al., 1995).
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IV. THE VOLUNTARY CONTRIBUTION ENVIRONMENT
4,1, The Setting

The computer-medisted voluntary contribution (or public goods) envirorment
used in McEEL was first used for the experiment reported fn Chan, Godby, et al
(1994a). The software was developed by R. Andrew Muller and Mary-~Anne Sillamaa

for use on a UNIX base, and has proven to be versatile.

Participants in the voluntary contribution environments are told that they
sust allocate an endowment of resources or income across two markets. Each
participanc’s payoff depends upon the amount of resources the participant
allocates to Market 1 and the amount of resources the participant and all qther
participants allocate to Markat 2. The participant's payoff can be represented
by s payoff table which summarizes all poasible outcomes based upon the amount
the participant allocates to Market 2 and the amount that all of the other
participants allocate to Market 2 Given the endowment of sach participsnt,
anything not allocated to Market 2 {s automatically allocated to Market 1. The
payoff tables for a threa-person group in which everyone has the same endowvment,
but one person receives a greater return from allocations to Market 2, are

presented as Tables 2 and 3.
4 2. The Coaputer-Mediated Environment

Table 2 shows the payoffs for a person who has an endowment of 20 tokens

(see the nuaber at the extreme right of the first rov). This person knows that

13



the combined endowments of the other two people in the group is 40 tokens (sece
the number at the bottom of the first column) If this person thinks that the
others in the group will allot nothing to Markec 2, the best this person can do
1s to allot 12 or 13 ctokens to Market 2 If this peraon’s expectations are
fulfilled, this person’s payoff will be 176 tokens. Om the other hand, Lif this
person thought that the others would each allot 13 tokens to Market 2, or 26
tokens in total, this person’s best response would be to allot nothing to Market

2 and earn s payoff of 696 tokens.

Once a session begins, each subject’s computer screen displays the
information on the upper portion of Figure 6 (excluding the second set of
Input/Status lines). Each subject is presented with a message vith informacion
about the nuaber of tokens which can be allotted to Market 2, and an instruction
line which repeats that information for the current period. Vthen an allotment
is made, it appears in the square brackets {n the Yours column undsr Allotments,
As soon as all of the people in all of the groups participating in a seasion make
their decisions, the computer collects everyone's sllotment and provides this
informacion plus payoff information to the participants. At this point numbers
would appear in the Oth..!l' coluan and the Your Payoff coluan. A nev line will
appear on the screen with a 2 in the Period colunn, and the participant will be

cued with (perhaps) a nev message and instructions for the next period.

The second set of Input/Status lines would appear if it vas possible to
monitor the behaviour of other meabers of the group. If monitoring was costless,
instead of recelving information about Others’ contributions, each participant

would receive information about the other two members of the group, who will be
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fdentified throughout the session as participants 1 and 2.
4.3. Closing Cooments

This is a versatile environment. By the appropriate choice of payoff
function environmsnts can be created in which people are contributing to the
provision of a public good or in which people are exercising enciclements to
appropriate resources from a common pool. In the former case we can study the
factors which lead to cooperative behaviour in the provision of public goods or
wvhich lead to free-riding. New institutions can be i{ntroduced, and their success
at facilitating cooperative behaviour can be assessed. In the latter case we can
study issues relaced to environmental aanagement. Ve can study the factors which
lead to cooperative behaviour {n the exploitation of scarce resources when
congestion externalities are present. More coamplex environments can be
introduced in which the exploitacfon of the coamon pool can lead to its
extinction. In this sicuation, institutions which lead to cooperative behav{our
would be important to idenctify, for not only would exploitation lead to low

social benefits over time, but to the eliminacion of all benefits.
V. CONCLUSIONS

Three different computer-mediated snvironments were presented. Thess are
all currently being used cto study issues which have some relacionship to the
problems of the Hamilton Harbour Watershed at the western end of Lake Ontario.
Any use of emission permit trading to sllocate emissions across those firus and

individuals who use the Hanilton Harbour as a depository for vaste materials vill
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require some regulating body to determine tha size and distribution of
entitlements to produce. Institutions by which the entitlements and thelir
discribution are deternmined and through wvhich peraits and entitlements are traded
must bs selected. The laboratory methods described here offer relatively
inexpensive ways to evaluate market and non-amsrket {institutions designed to

property resources.

facilitate cooperative behaviour for the manag of
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A - Place an ASK to SELL a unit

B - Place a BID to BUY a unit

P - Purchase a unit at Current Ask
S - Sell a unit at Current Bid

r2- Production Plamner

‘ tatus: izard

Trader: 1 Inventory One NORE share RA lm your

Period: 1 Shares 2 operating prof it 528
Phase: Share Market Coupons .} Onc LESS share me your
State: Rurning DA Cash S8 operating profit by 988
fMarket. Planner

Current Ask: Trial Sharez: 2 Coupons: 8
Current Bid: Prof it Baxisizing Allocation

Coupons from Period to Period

lock 4 1 1
[gl-e resaining: 88:16 I 3 4 3
Commands: Indicated Operating Profit

Trial Holdings 1860
Current Holdings m
Change

<wp>, <downd> change Trial Coupons

Cifrty, <rht> change Irfal Shares

e et

rl.lst of Trades

FIGURE 1 SHARE MARKET

tatus: {zard:

Trader: 1 Inventary Onc MORE coupon MAISES your
Period: 1 Shares 2 operating profit by 170
Phase: Prisary Coupon Mkt Coupons 4 One uss coupon LOVERS your
State: Rumning DA Cash 588 operat proﬂt by !79

ket
Current Ask: 389 (1)
]

Current Bid: 98 (1)

1Ifl’;::l'enlnhu: 89:31 ]

A - Ploce an ASK to SELL a unit

B - Place a BID to MUY a unit

P - Purchase a unit at Current Ask
S - Sell a unit at Current Bid

r2- Production Planner

P lamner—

Irial Shares: 2 Coupons: 4
Prof It Raxisizing Allocation
Coupons from Period to Period

4 1 1
3 2 3

Indicated Operating Profit
Irlal Holdings 1668
Current Holdings ma
Change

<up>, <down> change Trial Coupons

<1ft>, <cht> change Irial Shares

ist of Iredes——

FIGURE 2 COUPON MARKET



Phase: Production Decision
State: DA Closed

B

To Baxisize Operating Profit
use 4 units of input

Production Decision for Period 1

Coupons Ouned
Planmned Input

Coupon Surplus (Deficit)

Previous Cash

Met Sales Revenue
Indicated Cost Saving
from Coupon Redesption

2
588
308
399

Indicated Mew Cash

1
Trial Shares: 3 Coupomns: 2
Prof it Raxisizing Allocation
Coupons from Period to Period

2

1 1
S 2 2
4 3 3

Indicated Operating Profit
frial Holdings 2830
Current Holdings 1888
Change 158

<wp>, <down> change Trial Coupons
<1ft>, <rht> change Trial Sheres

ARBOU KEVS CHAMNGE PLAMMED IMPUY
1~Record F2-Plammer F4-Resale I'S-Done

tatus
Trader: 1
Perlod: 1 operating profit by 388

Phase: Reconciliatfon Mkt Coupons

State: Rumming Da

One LESS coupon LOVERS your
operating profit by 388

lammer

ket
Current Ask:
Current Bid:

FRODUCTION DECISIOR

lock:
Time resafning: 88:18

, 1

2~ Production Plamner

t4

Indicated Operating Profit
Trial Holdings 768
Current Holdings 768
Change 8

A ~ Place an ASK to SELL a unit

B - Place a BID to BUY a unit

P - Purchase a unit at Current fAsk
S - Sell a unit at CQurrent Bid

<Ift>, <ht> change Irial Shares

T n \

frial Shares: 2 Coupons: ¢ I
Prof it Naximizing Allocation
Coupons from Period to Period

4

1 1
2 4
3 3

<down)> change Trial Coupons

r!.l:t of Irades—

FIGURE &

RECONCILIATION MARERT



o1

CASH ON HAND 500
- [[+] ASK
Market Paniod Time 1D PRICE QNTY 1D PRICE  QNTY INVNTRY PRICE QNTY
01 Market 1 1 0 0000 10
F1 810 F2ASK F3HIST Cul ACCEPT ARt CANCEL
CONTRACTS HISTORY
MARKET # MARKET 1
PERIOD TIME BUYER/SELLER PRICE QNTY TOTAL VALUE
0:00:12 172 100 1 100
0 00:49 174 120 1 120

(+) NEXT MARKET

Figure 5

MUDA SCREERS

{-) PREVIOUS MARKET

ESC- PREVIOUS SCREEN

STATION ID: (s

You muat allot between x and y tokens to market 2

Instructions:

Please anter period 1 sllotment between ( x - ¥ )

Inpuc/Status:
--« Allotments -~--
Your
Poxiod Yours Othacs’ Payoff
1 t 1
Input/Status: *
--- Allotments ---
Your
Period Yours l's 2's Payoff
1 (1

Figure § PG SCREENS



