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Abstract

Two approaches to emissions trading are cap-and-trade, in which an ag-
gregate cap on emissions is distributed in the form of allowance permits, and
baseline-and-credit, in which firms earn emission reduction credits for emis-
sions below their baselines. Theory suggests the long-run equilibrium of the
cap-and-trade plan is socially optimal, whereas the corresponding baseline-
and-credit equilibrium is inefficient, since the baseline creates a subsidy to
output. In the short-run, however, when output capacity is fixed, the two
plans are predicted to be identical. Surprisingly, despite the long-run predic-

tions, both approaches are used around the world.

To test whether these predictions hold in real markets, we developed a
computerized laboratory environment in which subjects, representing firms,
can adjust their emission technology and capacity levels. Subjects trade emis-
sion rights in a uniform price sealed bid-ask auction. The demand for output
is simulated. All decisions are tracked through a double-entry bookkeeping

system. Full documentation of the software is attached as an appendix.

Primarily, this dissertation presents results from the first ever experimen-
tal economic analysis comparing the two most commonly proposed and imple-
mented emission trading policy instruments: cap-and-trade and rated-based
baseline-and-credit emission permit trading. After creating a laboratory im-
plementation of the theoretical setting, we report results from simulations with
robot traders in a long-run environment. These simulations verify the long-run
predictions. Simulations and pilot experiments provide interesting evidence on
permit market volatilities and effects of various accounting rules. As a first

step towards testing the long-run model with human subjects, this dissertation

1l



reports on a laboratory experiment designed to test the short-run predictions.
The short-run experiments support the theoretical prediction that the two
mechanisms yield similar outcomes, however both exhibit significant deviation

from the predicted equilibrium.
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Preface

The material contained in this thesis was originally drafted as three indepen-
dent papers. The substance from these three papers was reorganized into the
chapters found within this dissertation to provide a more comprehensive over-
all narrative which reduced much duplication. The material now primarily
located in Chapters 3 and 4 was presented at the Canadian Economics Associ-
ation meetings in May 2003, at the Economic Science Association Meetings in
October 2003 and at the Southern Economics Association meetings in Novem-
ber 2003 under the title “Long-run Implications of Alternative Emission Trad-
ing Plans: An Experiment with Robot Traders”. The material primarily found
in Chapter 5 was presented at the Canadian Economics Association meetings
in June 2004 under the title “Short-run Implications of Cap-and-Trade ver-
sus Baseline-and-Credit Emission Trading Plans: Experimental Evidence”. A
previous paper focusing on effects of various emission trading accounting rules

was disseminated throughout all chapters contained in this dissertation.

Since no existing experimental laboratory software could be modified for
the needs of this project, it was decided that a major requirement of this
dissertation was to program the necessary economic laboratory software from
scratch, and provide it with full documentation. Appendix E contains thor-
ough documentation of the “ERC” software, so that it can be easily used for
further laboratory work in the public domain. The “ERC” software and ex-
perimental data discussed in Chapters 4 and 5 are provided on the CD-ROM
accompanying this dissertation. Appendices C, D and E, containing the lab-
oratory instructions for both trading schemes and the documentation of the
experimental software, are not provided in this manuscript. They can be found

1
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on the CD-ROM enclosed in the pouch on the inside cover at the back of this

thesis.
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Chapter 1

Introduction and Background

1.1 Introduction

Policy and research interest in emission trading systems has increased dur-
ing the last decade and a half, even though economists have long advocated
market-based environmental regulations. Crocker (1966) and Dales (1968)
were the first researchers to publish details on how a system of tradable pol-
lution quotas could efficiently control air pollution from stationary sources
through the establishment of a market for emission rights. This idea was rev-
olutionary as it provided the foundation for various breeds of incentive-based
regulation in an area dominated by traditional command-and-control gover-
nance. Since then, researchers have often supported incentive-based emission
trading regulation on the basis of its superior cost-effectiveness (Montgomery
1972). It is the potential cost savings of tradable emission schemes that has
likely led to their prominence in discussions of environmental regulation in
North America and around the world.

3
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1.2 Background of Alternative Emission Trad-
ing Systems

The 1990 Clean Air Act Amendments of the United States of America and
the 1997 Kyoto Protocol are arguably the most popular pieces of environmental

regulation currently being discussed in the press and academic journals.

Title IV of the U.S. 1990 Clean Air Act Amendments led the Environmen-
tal Protection Agency (EPA) to enact a trading program for sulphur dioxide
emissions from power plants. In addition to theoretical scrutiny, valuable
insight into EPA-style trading schemes has come from economists using labo-
ratory methods (e.g. Cason and Plott 1996; Cason 1997). The EPA’s sulphur
dioxide trading market is a form of cap-and-trade emission reduction program
which, until recently, has been the predominant focus of research. There has
been very little theoretical and experimental analysis on alternative forms of

emission trading.

This lack of research is surprising, considering that past and present en-
vironmental regulation around the world has generally employed a different
trading mechanism: baseline-and-credit. For example, Article 12 of the Kyoto
Protocol proposes the Clean Development Mechanism, a mechanism aimed at
achieving strict greenhouse gas targets using a baseline-and-credit approach.
Before investigating the historical use of these two alternative mechanisms, a

brief explanation of their operation is in order.

Under a cap-and-trade plan, an aggregate cap is placed on emissions. A
corresponding quantity of emission permits, often called allowances, is created.
The permits may be sold at auction or distributed to incumbent firms. Firms
must surrender an allowance for every unit of emission discharged over a given
period of time. Firms may sell allowances that they expect not to use, or

purchase allowances to cover emissions in excess of the original distribution.

4
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Under a baseline-and-credit plan, firms are assigned a baseline emission level.
If their actual emissions are below the baseline, they earn permits, in this
context often called emission reduction credits (ERCs). These credits may be
sold to firms whose emissions exceed their baselines. Consequently, the cap-
and-trade mechanism uses an absolute framework, in that an allowance must
be redeemed to the authorities for every unit of pollution produced, while
baseline-and-credit trading uses a relative frame, where firms must account

for only deviations from an emission baseline.

The two plans are theoretically equivalent if the emission baseline in a
baseline-and-credit plan is fixed and numerically equal to the quantity of al-
lowances allocated under a cap-and-trade plan. In many cases, however, the
baseline is proportional to the regulated firms’ output. As in the case of our
baseline-and-credit implementation, the emission baseline can be computed
by multiplying output by a prescribed performance standard specifying the
target industry emission rate. An emission rate represents the emission tech-
nology level of the firm and is the amount of pollution that is emitted per
unit of output. It is sometimes referred to as emission intensity.! This type
of baseline-and-credit plan is often called a rate-based system of “tradable
performance standards”. Simply put, “clean” firms with emission rates be-
low the performance standard create ERCs, while “dirty” firms possessing
emission rates above the performance standard are required to purchase and
redeem ERCs. While cap-and-trade regulation places an explicit upper limit
on the quantity of aggregate emissions, there is no strict emission cap under

rate-based baseline-and-credit regulation: it is linked to output.

'Most government documents refer to this concept as emission intensity, likely due to
the common use of the term rate to convey the notion of occurrences per unit of time. This
dissertation, however, will use the terminology emission rate, as it more closely resembles
the common use of the term in the economics discipline.

5
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North American use of these two approaches to environmental regulation
has been quite extensive. Tietenberg (2000, Ch. 16) reviews the history of U.S.
environmental regulation and Dewees (2001) provides a detailed discussion
on the historical use of cap-and-trade versus baseline-and-credit rate-based
systems in the U.S. and Canada. Some historical facts found in these two

studies warrant mention.

The U.S. Clean Air Act Amendments of 1970 were passed to set a new
direction for American environmental policy and the EPA was created to over-
see its implementation. This gave rise in the early 1970’s to the New Source
Performance Standards (NSPS), which governed new and modified sources
of industrial pollution. Throughout the 1970s, modifications were made to
the U.S. system allowing for emission trading, offsets, bubbles, netting, and
banking, with the NSPS regulation as a foundation. The most important
characteristic of the institutions surrounding the NSPS during this time pe-
riod was that they shared many similarities to a baseline-and-credit rate-based
program since they linked regulation to current activity levels (e.g., fuel in-
put, power output, product output etc.) of the source.? It is interesting to
note, however, that in many cases a pollution limit was placed on the source,
essentially creating a cap on emissions. In order to receive certification for an
ERC under the policies surrounding the NSPS, the emission reduction had to
be permanent. The result of this policy was that a firm could generate ERCs
by permanently reducing emissions, including shutting down operations, but
not by temporarily reducing emissions. While most estimates place the cost
savings of the entire program over its lifetime at over $10 billion, many claim
this is much lower than what was anticipated upon inception (Tietenberg 2000;

Hahn and Hester 1989). More recently, Title IV of the 1990 Clean Air Act

2See Tietenberg (2000, Ch. 16) for a detailed description of how these policies integrate
with the concept of emission reduction credit trading.

6
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Amendments instituted a cap-and-trade brand of emission trading regulation.
This instituted a cap on emissions of sulphur dioxide that is based, using a
multiplier, on a firm’s activity in a fixed historical year. Researchers have also
found that this cap-and-trade system has already produced considerable cost

savings (Ellerman, Schmalensee, Joskow, Montero, and Bailey 1997).

In Canada there has been much less experimentation with the use of
baseline-and-credit and cap-and-trade instruments compared to that in the
United States. The Pilot Emission Reduction Trading (PERT) program de-
veloped by Ontario Hydro and various government officials and environmental
stakeholders used a baseline-and-credit ERC framework (PERT 1997). The
program ran from 1996 to 2000 and was voluntary, the regulation was not
enforced. Under PERT, ERCs were created by firms undertaking an identifi-
able action to reduce emissions. The quantity of ERCs created was equal to
the amount of output produced multiplied by the difference between the base-
line emission rate and the new lower emission rate. Unlike the U.S. system,
shutting down a plant would not generate ERCs under PERT. However, tem-
porary shifts to cleaner technologies and inputs would generate ERCs. Where
U.S. regulation has been shifting towards cap-and-trade regulation, Canadian
regulation seems to be merging the two styles. The Ontario Ministry of the
Environment (OMOE 2003), for example, has recently implemented a hy-
brid emission trading scheme using elements from both cap-and-trade and
baseline-and-credit mechanisms. The program regulates nitric oxide and sul-
phur dioxide produced by coal and oil-fired electricity generators. Mandatory
cap-and-trade regulation for the aforemention industry is coupled with a vol-

untary ERC-based system.

Given the cost savings ability of emission trading schemes, it is not sur-
prising that they are being used around the world as part of various forms

of environmental regulation. Hasselknippe (2003) presents a comprehensive

7
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overview of the myriad of systems for greenhouse gas emission trading used by
various governments throughout the world. In addition to categorizing emis-
sion trading plans as being either suspended, active, planned or proposed, the
author also categorizes them as being mandatory or voluntary and, even more
importantly for our purposes, cap-and-trade or baseline-and-credit based. In
his survey of international emission trading, Hasselknippe finds that credit
schemes are just as prevalent as capped schemes, with 20 out of 43 schemes

based on an ERC-type system.

That both instruments are so prevalently used begs the question why so
little economic theory, empirical analysis or laboratory research has been con-
ducted on baseline-and-credit with respect to cap-and-trade. Specifically, lab-
oratory methods are unique in that they can be used to test different mech-
anisms in a controlled environment. While theory often says little regarding
the market institutions surrounding a regulation, laboratory methods are ideal
for investigating how institutions affect behaviour. This dissertation reports
on the first economic laboratory study of baseline-and-credit emission permit

trading.

1.3 Cap-and-Trade versus Baseline-and-Credit
Emission Trading

This dissertation considers “cap-and-trade” emission trading systems in
which allowances are endowed by the regulator, using a grandfathering ap-
proach based on historical data, rather than being auctioned. “Grandfather-
ing” is the term used to indicate when the number of permits endowed upon
a firm does not depend on current activity and when these permits are given
costlessly to the firm by the regulator. The quantity of permits endowed is
usually based on a fixed and regulated percentage of past historical activity

8
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(e.g. 80% of yearly firm emissions averaged from 1987 to 1990). In contrast
to grandfathering, some real-world cap-and-trade systems auction permits to
firms instead of endowing them. While not the focus of this research, Cram-
ton and Kerr (2002) and Fischer, Parry, and Pizer (2003) provide a theoreti-
cal discussion on auctioning permits versus grandfathering them. The Cram-
ton and Kerr (2002) study examines the advantages of auctioning permits on
the grounds of reduced tax distortions (the ”double-dividend” argument) and
greater incentives for innovation. The authors also discuss the political pros
and cons of auctioning, ranging from the ability of government to offer lower
tax levels to the inevitable political backlash from the industry forced to pay
for the auctioned permits. The Fischer et al. (2003) study uses a simulation
of a more formal model to demonstrate that under different circumstances
each permit allocation method could be welfare maximizing. There has also
been some experimental evidence published on this topic. An interesting ex-
ample is the laboratory study by Cason (1995) which provided evidence of
the inefficiencies inherent to the permit auction originally suggested by the
EPA to operate under the 1990 Clean Air Act. Since it is not necessary to
incorporate an auction in the assumptions of a cap-and-trade system in order
to measure the difference between it and baseline-and-credit, for simplicity a

grandfathering approach is assumed for the cap-and-trade permit endowment.

Another relevant aspect of our assumed cap-and-trade system is that the
permit endowment is fixed since it is based on historical activity. This enforces
a fixed cap on emissions. We compare this typical cap-and-trade setup to an
output-based baseline-and-credit system which uses a regulated emission rate
performance standard. As opposed to the former, a rate-based baseline-and-
credit system does not set a fixed cap on emissions, as emissions will be linked
to output activity. Fischer (2001), on the other hand, provides an in-depth
discussion on the theoretical implications of converting traditional tax and

9



PhD Thesis — Neil J. Buckley ——— McMaster University - Economics — 2004

cap-and-trade regulation schemes into output-based instruments like the rate-
based baseline-and-credit system by rebating tax revenues based on market
share in the former and allocating permit endowments proportional to output
in the latter. Her main conclusion is that, for any given targeted level of
abatement, these output-based instruments all result in higher marginal costs

of control or higher output and emissions compared to the social optimum.

Assuming the typical cap-and-trade and baseline-and-credit setup described
above, theoretical considerations suggest the long-run equilibria of the two
plans will differ because an ERC plan using an emission rate performance
standard creates an inherent subsidy to output. Compared to a cap-and-trade
plan with the same average emission rate, the baseline-and-credit plan will
exhibit higher output and emissions. Compared to a cap-and-trade plan with
the same emissions, the baseline-and-credit plan will exhibit a lower and more
costly average emission rate. Thus baseline-and-credit plans entail an inherent
efficiency loss compared to an equivalent cap-and-trade plan. In the short-run
however, theory predicts identical outcomes for the two schemes. In this case,
the output subsidy cannot cause output expansion because output capacity is
fixed. The details behind these theoretical predictions are provided in Chapter
2.

In this dissertation we contrast long-run and short-run scenarios. The
long-run refers to cases in which all factors of production are variable. Thus,
in the long-run a firm can change its emission rate and its output capacity. We
assume the short-run time frame is one in which a firm can rapidly modify its
pollution technology but cannot influence its capacity to produce output. One
example is the ability some factories may possess to add or upgrade “end-of-
pipe” pollution technology, such as adding scrubbers to industrial smokestacks,
in a time frame in which output expansion is not possible. A short-run time
frame is also one in which output cannot be expanded but the switch to cleaner
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fuel inputs is possible. Of course, the definition of a short-run time frame
also includes any case in which a firm could easily replace heavily polluting

technology but would not be able to modify output capacity.

Although the short- and long-run theoretical predictions are reasonably
straightforward, they rely on competitive equilibria being realized in two in-
terrelated markets: the market for output and the market for emission permits.
Although some market institutions, such as the double auction and the uni-
form price sealed bid-ask auction, are highly effective in achieving equilibrium
in a single market, it is less evident that competitive markets can achieve ef-
ficient outcomes when firms must optimize in two or more markets. If the
theoretical predictions are not to be considered a mere curiosity, it would be
useful to demonstrate whether the hypothesized potential gains from trade
under the two schemes will actually be achieved in real markets. Laboratory
markets are ideal for this purpose. They can be designed to reflect a substan-
tial level of institutional detail while exerting careful control over a wide range
of factors which are uncontrolled in a natural setting. This is frequently called

“testbedding”.

To date, other than the theoretical analyses of Thomas (1980), Helfand
(1991), Dewees (2001), Fischer (2001, 2003) and Ellerman and Wing (2003),
little work, and no experimental economic evidence, have been published com-
paring baseline-and-credit and cap-and-trade market-based mechanisms. The
first two studies cited above do not directly address tradable emission permits,
but they investigate the advantages and disadvantages of limiting emissions di-
rectly (similar to cap-and-trade) versus limiting the rate of emissions per unit
of input/output (similar to baseline-and-credit). In both these articles, the au-
thors use theoretical estimates to conclude that direct regulation of emissions
is the least costly, and profit maximizing, alternative.
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The work conducted by Dewees (2001) is more pertinent to this dissertation
than the previous two studies in that it focuses explicitly on the efficiency of
a cap-and-trade emission trading program versus an ERC trading program.
The author conducts an excellent analysis of these emission trading markets
using simulation analysis, in an electricity generating context, to determine
key factors such as the marginal and average costs of a typical regulated firm.
Dewees (2001) concludes that the cap-and-trade system is more efficient than

the rate-based baseline-and-credit system.

The theoretical work by Fischer (2001, 2003) is innovative in that it focuses
on cap-and-trade and baseline-and-credit trading using a partial equilibrium
framework. As previously stated, Fischer (2001) analyzes the properties of a
tax, cap-and-trade, and baseline-and-credit scheme when all three are linked
to output, and supports the contention that output-based instruments are
inherently inefficient. Fischer (2003) assumes a combined cap-and-trade and
rate-based regulation. The paper finds that unrestricted trade between these
programs always raises combined emissions. These two studies compare cap-
and-trade to baseline-and-credit schemes in a simple, partial equilibrium model
employing the use of a representative firm. This model’s simplicity is its
strength as it allows for theoretical predictions that are easily testable using
laboratory methods in an environment with multiple markets (one for emission
permits and one for output) and many margins of choice (emission rate choice,
output choice etc.). The theoretical model presented in Chapter 2 is based on

Fischer’s model.

Lastly, Ellerman and Wing (2003) conduct quite a different study from
the others mentioned above. The authors provide a non-technical description
of the differences between cap-and-trade and rate-based baseline-and-credit
regulation with a focus on the macroeconomic picture. In their discussion, the
authors identify the properties of each system in a world where future emissions
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and GDP are unknown. They conclude that there is a divergence between the
plans under uncertainty. While not closely related to the topic of research this
dissertation focusses on, it is important to note that recent publications, such
as the Ellerman and Wing (2003) study, have been interested in descriptively

comparing different characteristics of our alternative trading plans.

As mentioned, to date, there has been no work published on baseline-
and-credit laboratory experiments but many have examined characteristics
of cap-and-trade schemes. One of the first published laboratory studies on
emission trading was Plott (1983), who investigated cap-and-trade pollution
licences in his study on corrective policies for externalities. Some of the more
recent cap-and-trade experiments focus on individual aspects of the trading
mechanism (e.g. Franciosi, Isaac, Pingry, and Reynolds 1993; Ledyard and
Szakaly-Moored 1994; Cason 1995), and others are conducted within a fully
specified institutional framework (e.g. Muller and Mestelman 1994; Godby,
Mestelman, Muller, and Welland 1997; Ben-David, Brookshire, Burness, Mc-
Kee, and Schmidt 1999; Muller, Mestelman, Spraggon, and Godby 2002).
Much of the latest research on emission trading has been focussing on different
aspects of compliance (Cason and Gangadharan 2004; Murphy and Stranlund
2004).

Of the many published cap-and-trade experiments, the Ben-David et al.
(1999) environment is most relevant to this work since it is the only study to
involve an explicitly chosen emission rate technology by experimental subjects.
However, while this dissertation requires an explicitly chosen emission rate be-
cause it is a distinguishing institutional detail in the theoretical modeling of
cap-and-trade versus rate-based baseline-and-credit instruments, Ben-David
et al. use an explicitly chosen emission rate technology because their focus is
on how firm technological heterogeneity impacts the market for permits. The

paper’s results suggest that increased technological heterogeneity may lead to
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reduced trading volumes and decreased production efficiency. However, the
Ben-David et al. environment is not adequate to compare cap-and-trade to
baseline-and-credit since it only involves permit trading and an emission rate
technology choice, leaving output exogenously fixed at a constant level over the
duration of the experiment. The experiment forces compliance by automati-
cally changing a firm’s emission technology to a cleaner alternative if the firm
does not hold a sufficient number of permits to meet the requirements of the
subject’s chosen emission technology for the period. Although this environ-
ment may be sufficient to test cap-and-trade versus baseline-and-credit trading
in the short-run, a more elaborate environment involving an output market

and an output capacity choice is required to test our long-run prediction.

It should be noted that the above authors use the same basic laboratory
environment to study attitudes towards risk and compliance in cap-and-trade
emission trading markets by investigating behaviour under various treatments
involving uncertain permit endowment reductions (Ben-David, Brookshire,
Burness, McKee, and Schmidt 2000). Although the two environments are
almost identical, the Ben-David et al. (2000) environment involves a reduc-
tion in permit endowments over the course of the experiment. Because this
dissertation is not focused on investigating uncertainty and regulatory compli-
ance, we will only use the original Ben-David et al. (1999) environment as a

basis of comparison for our own work.

Laboratory studies of emission trading conducted by Elliott, Godby, and
Kruse (2003) and Murphy and Stranlund (2004) are also noteworthy to the cur-
rent context. While both studies involve implicitly chosen emission rates in the
context of cap-and-trade permit trading, both studies also allow output to fall
short of an exogenously fixed capacity. This differs from most emission trading
environments in which output is often entirely exogenous. The capacity limit
on output inherent to these two environments is not unlike that required to
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test our short-run predictions. Elliott et al. (2003) require endogenous output
since the focus of their study concerns market power and whether a dominant
firm can use the permit market to exert control over the associated output
market. On the other hand, Murphy and Stranlund (2004) allow for possible
output shortfalls from capacity in their investigation of compliance, to allow
subjects who did not purchase enough permits the possibility of decreasing
output in order to comply with regulation. Despite the above considerations,
both the Elliott et al. and the Murphy and Stranlund implementations lack

explicit emission technology choices.

It was quite clear that new laboratory software had to be programmed
and an original experimental environment created to achieve the goals of this
dissertation. After running early pilot® experiments, we realized that imple-
menting cap-and-trade and baseline-and-credit trading was fairly complex. We
therefore decided to build the framework of the experiment on an accounting
infrastructure involving a double-entry system of debits and credits for every
possible action and event. This would allow experimental subjects to be pre-
sented with familiar terms and expressions, in addition to providing a robust

system to track decisions.

1.4 Accounting for Emission Permits

Emission permit trading is a relatively young regulatory instrument. In his
international survey on emission trading plans, Hasselknippe (2003) reports 5
active cap-and-trade programs and 17 active baseline-and-credit programs, as

of September 2003. This is in comparison to only 1 cap-and-trade plan and 5

3We use the term pilot to denote a paid test session used to assess whether a full com-
plement of experimental sessions is feasible with a particular design. Our pilot sessions also
involved a private de-briefing with each subject after the session was finished.
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baseline-and-credit type plans that were active in the year 2000.# These statis-
tics provide evidence of just how young emission rights trading really is. One
issue that often arises in new and innovative regulatory frameworks is the ques-
tion of how accounting rules should be applied by firms to take account of the
new circumstances created by the regulation. The International Accounting
Standards Board (IASB) is an independent accounting standard setter with
the goal to provide high quality enforceable global accounting standards. The
IASB foundations date back to 1973 as a result of an agreement by accoun-
tancy bodies in Australia, Canada, France, Germany, Ireland, Japan, Mexico,
Netherlands, United Kingdom and the United States of America. Specifically,
the Financial Reporting Interpretations Committee (IFRIC) of the IASB is re-
sponsible for addressing accounting issues that are likely to receive conflicting

or unacceptable treatment in the absence of authoritative guidance.

Recently, the IFRIC has drafted an interpretation of how to account for
emission rights. After this comment was publicly posted in May 2003, the
committee received many letters of concern expressing that the interpretation
may misrepresent and cause artificial volatility of profits and losses. In light
of these events, the IFRIC decided to explore alternative interpretations to
the emission right accounting issue. Since the laboratory software created for
this dissertation is built on a double-entry accounting framework, results from

the sessions reported herein can shed light into the concerns brought to the

IFRIC.

4These statistics involve only active plans, while the statistics quoted earlier from Has-
selknippe (2003) aggregated over active, planned, proposed, and suspended plans.
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1.5 Overview

Because of the complexity involved in setting up and programming an
experimental environment rich enough to test for differences between cap-
and-trade and baseline-and-credit emission trading mechanisms, progress must
necessarily be incremental. This dissertation reports a series of contribu-
tions towards the ultimate goal of testing long-run theoretical predictions in a
fully specified economic laboratory environment. Primarily, this dissertation
presents results from the first ever experimental economic analysis comparing
the two most commonly proposed and implemented emission trading policy in-
struments: cap-and-trade and rate-based baseline-and-credit emission permit

trading.

Chapter 2 outlines the details of a fully testable theoretical model. Predic-
tions are described comparing a traditional Pigovian pollution tax, a cap-and-
trade emission trading system and baseline-and-credit emission trading system

to the optimal solution within a multi-firm partial equilibrium framework.

Chapter 3 describes the creation of our experimental environment. Care
is taken to implement an environment representative of the theoretical model
from Chapter 2. Details of the accounting implementation and its relation to

the IFRIC recommendations will be highlighted.

Chapter 4 presents results from simulations involving robot traders in the
environment created for a long-run setting. We demonstrate that the the-
oretical predictions provided in Chapter 2 are realized by profit maximizing
myopic robots. The chapter is concluded with a summary of the lessons learned

through the use of robot traders.

Chapter 5 presents results from the first laboratory experiment comparing
baseline-and-credit and cap-and-trade emission trading. The chapter reports

results from a laboratory experiment designed to test whether the short-run
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prediction of identical outcomes under both trading plans will actually be re-
alized. This chapter discusses six experimental sessions involving fixed output
capacity. Human behaviour in both the output and permit markets under the
two regulations is compared. Particular emphasis is placed on the effect of
an accounting rule change that occurred between three pilot sessions and the
six regular sessions. Although some differences between the alternative plans
are noted, results generally indicate support for the theoretical prediction of
equivalence. This chapter provides a first look at the short-run behaviour of

the two plans, in anticipation of testing them in a long-run environment.

Chapter 6 summarizes this dissertation, offers conclusions and discusses

options for future research.

18



PhD Thesis — Neil J. Buckley ——— McMaster University - Economics — 2004

Chapter 2

Theoretical Model and Predictions

2.1 Theoretical Model

There are three general approaches to designing economic incentives for
emission reduction instruments: a traditional tax, a cap-and-trade emission
trading scheme and a rate-based baseline-and-credit emission reduction trad-
ing scheme. The latter two involve emission trading, with the cap-and-trade
being based on an absolute target and the baseline-and-credit using a relative

target.

In this chapter, we provide the theoretical analysis underlying our predic-
tions and our experimental environment, providing motivation for the simula-
tions and experiments discussed in later chapters. We demonstrate short-run
equivalence and long-run divergence of the two emission trading plans. The
long-run model and predictions involving both emission rate and output as
choice variables will be presented in detail, after which the short-run predic-
tions will be discussed. The theoretical model presented below is a multi-firm
partial equilibrium model based on the representative agent model used by
Fischer (2001, 2003). At the basis of the model is an industry of perfectly
competitive price-taking firms with no entry or exit allowed from the industry.
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2.2 Theoretical Assumptions

We begin by assuming constant marginal costs in terms of output. The
predictions do not require more realistic and complicated assumptions, so the
experimental environment based on the theory is kept as simple as possible.
Consider an industry with N firms. Each firm ¢ € [1, ..., N| produces ¢; units
of output at an emission rate of r; = %, where e; is quantity of emissions.
Industry output is QQ = Zfil q;. Aggregate emissions are F = Zfil e =
Zﬁil r;q;. Environmental damages are assumed to be a positive and weakly
convex function of total emissions: D = D(E), D'(E) > 0 and D"(E) > 0.
Willingness-to-pay for the output is a weakly concave function of aggregate
output, WT'P = fOQ P(2)dz, where P = P(Q) is an inverse demand curve
with positive ordinate (P(0) > 0) and negative slope (P'(Q) < 0). The private
cost of production is a linear homogenous function of output and emissions:
C; = Ci(gi,e;) = ¢:Ci(1,7;). Unit cost C;(1,7;) can be separated into unit
capacity cost ¢;(r;), which is a positive and declining function of the emission
rate with ¢;(r;) > 0 and c(r;) < 0, and unit variable cost w;, which is a
constant function of output. Consequently, total cost is C; = ¢;(r;)q; + w;q;.
Note that the marginal cost of output is ¢;(r;) + w; and the marginal cost of
abating pollution is M AC = _06@
Table 2.1.

= —cl(r;). The notation is summarized in
i

2.2.1 Optimal Social Planner’s Solution

An omnipotent social planner would choose an emission rate and output
for each firm in order to maximize total surplus, S. The total surplus is com-

posed of the consumer’s willingness-to-pay for the output minus firm costs
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Table 2.1: Theoretical Notation
Symbol Description Properties
Qi Firm output g >0
Q Aggregate output Q=" ¢ Q>0
T; Firm emission rate r; >0
e Firm emissions e; >0, e; = riq;
E Total emissions E = Zf\il e; = Zfil TG
w; Firm unit variable cost w; >0
P(Q)  Inverse demand function P(Q)>0,P(Q)<0
ci(r) Firm unit capacity cost c(r)>0,d(r)<0,d'(r)>0
aC;
MAC  Marginal abatement cost MAC = — 50— —ci(r;)
€
D(FE)  External damage function D(E) >0, D'(FE)>0,D"(FE) >0
pe Permit price (cap-and-trade) Pc>0
PP Permit price (baseline-and-credit) P° >0

Note: Variables above can be denoted with superscripts u, *, ¢ , and
b for uncontrolled, optimal, cap-and-trade and baseline-and-credit cases,
respectively.

and environmental damage caused by output production. The social planner’s

welfare maximization problem can be expressed as

Q
ggﬁ S = /o P(z) — Z ci(ri)g — Zwiqi - D(Z TigG;)- (2.1)

The first order conditions for an interior maximum are

N
—(r*)=D'()_r¢") VieN (2.2)
=1
and N
P(Q") = ai(r*) +wi+ 1" D'(>_ri*q") VieN (2.3)

i=1
with ¢; and r; greater than zero.
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These conditions require that each firm’s operations be optimized on two
margins. The efficient abatement condition (2.2) ensures that abatement is
both cost minimizing, since the marginal abatement cost (MAC) is equated
across firms, and surplus maximizing, since MAC equals marginal damage.
Let MAC* = D/(3N, r#q;) denote the common value of the —c/*s. The
efficient output condition (2.3) ensures that output is surplus maximizing be-
cause each firm’s marginal social cost equals marginal willingness-to-pay. Note
that, although condition (2.2) determines a unique emission rate for each firm,
condition (2.3) determines only the aggregate level of output. Any combina-
tion of ¢;*s and r;*s such that the ¢/s sum to @Q* and the r;*¢;"s sum to
E* = Zf\il r;*q;* is a solution to the surplus maximization problem. Proof
that this solution is indeed a maximum, and not a minimum, is provided in

mathematical Appendix A.

2.2.2 Uncontrolled Outcome

The uncontrolled outcome is the result of an unregulated industry and
is an interesting case as a benchmark against which to compare the optimal
social planner’s solution. In the uncontrolled case firms can pollute as much
as they want with no interference. Each unregulated competitive firm’s profit

maximizing problem is

max ;" = P(Q)q; — ¢i(r:)q — w;q;. (2.4)

{ri,a:}

The two first order conditions for an interior maximum are

—ci(r") =0 (2.5)
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as long as ¢; is greater than zero, and

P(Q") = ci(ri") + w;. (2.6)

Equation (2.5), which states that each firm sets its marginal abatement cost
to zero, will ensure that each firm chooses an emission rate higher than its
optimal rate, r;* > r;*, since —/(r;*) = 0 < —c}(r;*) = D'(E*) and marginal
abatement cost is monotonically decreasing in r. Because ¢;(r;%) < ¢;(r;*)
and equation (2.6) is missing the positive marginal damage term contained
in the social planner’s condition (2.3), the right hand side of equation (2.6)
must be less than the right hand side of equation (2.3). This implies that the
uncontrolled price of output is lower than the optimal output price, P(Q") <
P(Q*). The assumption of downward sloping output demand leads to the
prediction that Q% > Q*.

Since only the total quantity of output is identified in the uncontrolled
equilibrium, any set of ¢;s that sum to Q" will be equilibrium quantities in the
uncontrolled case. Notice in this general case that there are no conditions on
aggregate emissions: the sum of the individual r;*¢;* firm emissions is unknown
because the distribution of output between firms is unknown. Since every
firm has a higher uncontrolled emission rate than its optimal rate, aggregate
emissions in the uncontrolled case must be higher than in the optimal case,

EY > BT

2.2.3 Tax on Emissions

Perhaps the most commonly proposed economic instrument of environmen-
tal policy is the traditional emission tax first described by Pigou. The idea
behind the Pigouvian tax is to place an appropriate price on emissions so as
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to internalize the social cost of pollution. Although emission taxes are not
directly within the scope of this dissertation on alternative emission trading
schemes, they nonetheless complete the regulatory framework and provide an

interesting reference point.

An optimal emission tax that will internalize the externality is set such that
t* = D'(E*). This tax will generate the optimal result if each firm must pay
t*, the marginal value of damage to the environment, for each unit of pollution

it emits. Under this Pigouvian tax, firm ¢’s profit maximization problem is

max Tt = P(Q)q; — ci(r) g — wigi — t*(riq;). (2.7)
Ti,qi

The two first order conditions for an interior maximum are
—ci(r') = t* (2.8)
if ¢; is greater than zero, and

P(Qt) = Cl'(?"it) + w; + t*rit. (29)

Equation (2.8) ensures cost minimizing abatement and defines each r;’.
Equation (2.9) requires that each firm earn zero profit in equilibrium, and
identifies Q. Because the system of equations (2.8) and (2.9) can be obtained
from optimal equations (2.2) and (2.3) by replacing D’'(3.N | r*¢;*) with t*
and replacing r;* with r;*, a solution to the surplus maximization problem is
also a competitive equilibrium under an optimal tax and vice versa.
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2.2.4 Cap-and-Trade Theory

The social optimum can also be supported as a competitive equilibrium
under cap-and-trade regulation. Cap-and-trade is an emission trading instru-
ment involving a fixed cap on pollution that constitutes an absolute emission
target. The regulator distributes a quantity of allowances, A;, to each firm so
that the sum of allowances granted equals the optimal level of emissions, that
is, Zf\il A; = E*. The regulation states that firms must redeem one allowance
for each unit of pollution they emit. Firms with extra allowances can sell them
and firms with a quantity of emissions greater than allowances can buy them.
Letting P. denote the price of allowances under cap-and-trade, firm ¢’s profit

maximization problem is

max ¢ = P(Q)q — ¢i(ri)q — wigi — Po(riqi — Ay). (2.10)
3,494

The two first order conditions for an interior maximum are
—d(r) = P, (211)
if ¢; is greater than zero, and
P(Q°) = ¢;(r:i) + wi +1i°F.. (2.12)

Equation (2.11) ensures cost minimizing abatement and defines each r;¢. Equa-
tion (2.12) requires that each firm earn zero marginal profit, and identifies Q°.
The system (2.11) and (2.12) can be obtained from the optimal conditions
(2.2) and (2.3) by replacing D’(Zﬁil ri*q;*) with P. and r;* with r{. A solu-
tion to the surplus maximization problem can be sustained as a cap-and-trade
competitive equilibrium and vice versa. Note that an optimal cap-and-trade
plan, that is, one that allocates a socially optimal number of allowances, can
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achieve the optimal social planner’s outcome as an equilibrium, just as in the
Pigouvian tax case. Section 2.3 will illustrate this solution graphically to pro-
vide insight on how the price of allowances, P., equates to the optimal marginal

damage, D'(E*).

2.2.5 Baseline-and-Credit Theory

Under a baseline-and-credit plan, the regulator sets an industry-wide per-
formance standard, r°. This performance standard characterizes a relative
emission target mechanism. Firms with emission rates below the performance
standard create credits which can be sold or used in the future, and firms with
emission rates above the standard are required to purchase and redeem credits.
Firm ¢’s net demand for credits is (r; — 7°)g;, with negative values signifying
a supply of credits. If the price of credits under a baseline-and-credit plan is

Py, then firm ¢’s profit maximization problem is

max 7" = P(Q)qi — ¢i(ri)qi — wigi — Pogi(r; — °). (2.13)
Ti,d5

The first order conditions for an interior maximum are
—c(r®) = B, (2.14)

and

P(Q") = ¢;(ri") + w; + 1" P, — r° B, (2.15)

Equation (2.14) is the usual efficient abatement condition which defines each
r®. Equation (2.15) is the usual zero marginal profit condition which de-
termines Q°. Let us assume that the regulator sets the emission rate stan-
dard equal to the average emission rate under the social planner scenario,
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r¥ = (2:21\;1 ri*q;*)/Q*.1 If the emission standard is binding and net demand

for credits in equilibrium equals zero, then

N N

Zﬁb%b = ZTSC]z‘b~ (2'16)

i=1 =1

Substituting for r* we can calculate that

i qu i Zg_ (2.17)

Equation (2.17) implies that, if market shares are the same under baseline-and-
credit and cap-and-trade plans, any set of emission rates satisfying the socially
optimal abatement condition (2.2) also satisfies the corresponding baseline-

and-credit equilibrium condition (2.14).

The zero-profit condition for baseline-and-credit equilibrium (2.15) is sim-
ilar to optimal equation (2.3) with P, playing the role of marginal damage,
D'(). If emission rates are the same under the two cases (1> = 7;*), then
P, = D'(E*) and the right hand side of (2.15) is equal to the right hand side
of (2.3), except for the term —r°P,. This negative cost term derives from
the Pyr°q; term of the firm’s profit function and represents a subsidy on out-
put causing the output price under baseline-and-credit trading to be less than
optimal. Consequently, because the demand curve for output is assumed to
be downward sloping (P'(Q) < 0), aggregate output Q” will be higher than
aggregate output @Q* chosen by the social planner. Section 2.3 illustrates the

baseline-and-credit case with the use of a diagram and demonstrates why the

! As mentioned in Section 1.3, we will find that setting the performance standard equal to
the optimal average emission rate will result in quantities of emissions and output that are
inefficiently high. We could set a stricter standard so that quantities of output and emissions
are optimal, but this would require a stricter performance standard and resulting firm costs
would be inefficiently high. Since both methods yield inefficiencies, we choose to focus on the
comparison of cap-and-trade with a baseline-and-credit system with a performance standard
equal to the average emission rate from the optimal scenario.
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Table 2.2: Table of Long-run Theoretical Predictions

Variable Predictions

Emission Rate, r r*=r¢=1rb <t

Output Quantity, ) QF =Q° < Qb < Q¥

Output Price, P P(QY) < P(Q%) < P(Q°) = P(Q")
Total Emissions, F E*=FE° < B < B

Emission Permit Price, P. or P, P.= P, = D'(r*Q")
Note: “*’ ‘c’, ‘b” and ‘u’ denote the optimal, cap-and-trade,
baseline-and-credit and uncontrolled cases, respectively.

price of credits will converge to the optimal marginal damage and how long-run

output and emissions will be greater than optimal.

Note from (2.13) that, if a firm chooses an emission rate equal to the per-
formance standard, r; = r°, it will not create, nor be required to redeem,
any permits. Therefore, its output and emissions will be unconstrained by the
regulatory program. While cap-and-trade imposes a fixed upper limit on emis-
sions, a baseline-and-credit plan implies that emissions will vary with output.
The welfare implications of variable emissions are discussed ably by Weitz-
man (1974) in the context of quantity versus price instruments. If marginal
damages rise steeply with emissions, quantity instruments like cap-and-trade
regulation would be preferred. Conversely, if marginal abatement costs rise
more steeply than marginal damages, a price instrument like a rate-based

baseline-and-credit instrument would be preferred.

Table 2.2 provides an overview of the relative ranking of the predictions

associated with the various treatments described above.

28



PhD Thesis — Neil J. Buckley ——— McMaster University - Economics — 2004

2.3 Graphical Analysis

Figure 2.1 illustrates the theoretical solutions discussed above. The marginal
abatement cost curve, MAC, is obtained by (1) inverting the expression M AC' =
—c}(r;) to obtain emission rates as a function of MAC, r; = r;(M AC'); (2) com-
puting total emissions over all firms by multiplying by ¢; and aggregating; and
(3) reinverting to obtain MAC as a function of total industry emissions. Opti-
mal emissions and optimal marginal abatement cost are determined in Panel
(a) by the intersection of the marginal damage curve, MD, and the aggregate
marginal abatement cost curve, MAC. This intersection point is optimal since
it is the point at which the private cost of lowering emissions is equal to the so-
cial cost saved by reducing emissions. Optimal output, Q*, and product price,
P*, are determined in Panel (b) by the intersection of the product demand
curve, D, and the long-run unit social cost curve, LAC,. = ¢;r;* +w;+r;* M AC*.
The curves in the two panels are interdependent. The position of MAC is con-
ditional on the optimal outputs (¢;*), as detailed in the definition of the MAC
function above; the position of the LAC curve is conditional on the optimal

emission rates (1;*), as determined by M AC™*.

The cap-and-trade equilibrium is illustrated by a simple reinterpretation of
Figure 2.1. The MAC becomes the aggregate demand for emission allowances,
since each firm’s willingness-to-pay for an allowance is equal to the cost saved
by emitting the one additional unit of pollution authorized by the allowance.
The aggregate supply curve of allowances is vertical at E*, as it is assumed that
the regulator allocates a number of allowances equal to the optimal amount
of emissions. The price of allowances determined by the intersection of the
aggregate demand and supply curves is P, = MAC* = D’ (Zfil ri*¢;). The
cap-and-trade long-run equilibrium output at * is determined by the inter-
section of the demand curve for output with the long-run supply curve for
output, which is horizontal at LAC..
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Figure 2.1: Alternative Equilibria
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The baseline-and-credit equilibrium operates in a similar fashion except
the performance standard acts like a subsidy in that it lowers marginal costs,
producing a lower long-run average cost curve, LAC), as shown in Figure
2.1. This lower output supply curve generates a lower equilibrium output
price and greater equilibrium output quantity under baseline-and-credit than
under the optimal cap-and-trade case. Because the performance standard is
assumed to be equal to the average emission rate under an optimal cap-and-
trade scheme, this greater output quantity implies higher aggregate emissions
under baseline-and-credit regulation than under cap-and-trade regulation. The
output increase under baseline-and-credit shown in Panel (b) causes the MAC
curve in Panel (a), which represents aggregate demand for credits, to shift to
the right since higher output leads demand at each price to increase because
of the relative target embodied by the fixed performance standard.? This shift
in the “demand” is mirrored by an equal shift to the right of the vertical
aggregate supply curve for credits which, due to the increase in output to Q°,
is now at E(Q"). Since emission rates have not changed, the output expansion
under a fixed performance standard causes demand and supply of credit to
increase by the same proportion. Notice that, since the aggregate demand
and supply curves for credits both shift to the right by an equal amount, the
intersection of these curves implies a change in emission permit quantity but
not price. The long-run credit market equilibrium price will equal the optimal
marginal damage, just as in the cap-and-trade case (P. = P, = D'(E*)). This
occurs despite the fact that Figure 2.1 indicates that emissions and marginal
damage are both clearly higher than optimal under the new baseline-and-credit

equilibrium (F(Q%) > E(Q*) and D'(E®) > D'(E*)).

2The effect of output on the MAC curve is explained in the first paragraph of this section.
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2.4 Short-run versus Long-run

Using our terminology introduced in Chapter 1, we found that in a long-
run scenario where firms can choose emission rates and change their output
capacity, the baseline-and-credit scheme generates higher emissions and output
compared to a cap-and-trade scheme with the same average emission rate. In
a short-run scenario, where firms can change their emission rates but cannot
change their capacity for producing output, only the efficient abatement first

order conditions stated above are applicable.

According to the short-run first order conditions, (2.2), (2.11) and (2.14),
the price of permits, and each firm’s marginal abatement cost, equaling the
optimal marginal damage is a short-run equilibrium under both schemes (P, =
P, = D'(E*)). If output quantity cannot vary, the subsidy to output inher-
ent to the baseline-and-credit plan has no effect other than increasing marginal
profits. If output levels are fixed at the optimal cap-and-trade quantities, there
is an incentive for baseline-and-credit firms to increase output; however, firms
will be unable to do so. Therefore, in the short-run, when output is fixed at
the optimal quantity, comparable cap-and-trade and baseline-and-credit emis-
sion trading mechanisms are predicted to have identical equilibria involving
optimal levels of emissions and output. The answer to whether behaviour will
steer firms into this equilibrium cannot be answered by theory alone. Permit
and output market volatilities could conceivably result in troubled dynamics.

Laboratory research is required to shed light on the predictions of the model.

It is important to realize that the term ‘long-run’ is not being used in
the context of this work to infer the meaning commonly associated to it by
economists. Typically, the long-run is a time frame during which entry to,
and exit from, the industry is possible. The model presented in this chapter

is set up to inform the first laboratory comparison of cap-and-trade emission
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trading with baseline-and-credit emission trading. The potential laboratory
environment is sufficiently complex that entry and exit possibilities are un-
needed at this initial stage. Future work in this area may be fruitful, however,
as entry and exit of firms from a cap-and-trade regulated industry raises many

questions concerning the institution of how permit endowments are allocated.?

Although not the focus of this dissertation, a brief discussion of the impli-
cations of our model with entry and exit is warranted. The entire theoretical
model builds on the assumption of constant marginal costs in terms of output.
This allows for a simple but rich model that can be tested in a laboratory
setting. This constant marginal cost assumption implies that industry size,
and hence associated firm size, is indeterminant in our model. Our model pre-
dicts only aggregate outcomes. While we know that the optimal equilibrium
level of output is @* and that firms produce optimal aggregate emissions of
Er = sz\il r;*¢;* in this equilibrium, we could have two firms in equilibrium,
or two thousand. Most long-run economic models involve entry of firms until
profits get driven to zero, but this model is quite different. Even though the
theory in this chapter does not explicitly address entry and exit, the possibility
of expansion and contraction of output capacity, in this constant marginal out-
put cost environment, inherently considers the effects of entry and exit. Again,
because of constant marginal costs, the firm’s profit maximizing behaviour in
selecting an output level will drive marginal profits to zero, as expressed by
equations (2.12) and (2.15) for the respective plans. Under baseline-and-credit,
this will also result in reducing total profit to zero. To obtain proof of this,

substitute (2.15) into (2.13).

Cap-and-trade profits, on the other hand, are never driven to zero, even

in the long-run. This can be demonstrated by substituting equation (2.12)

3The possibilities of auctioning or grandfathering permits, as discussed in Section 1.3,
would surely have different repercussions in a regulated industry with firms entering and
exiting as opposed to one without entry and exit.
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and P. = D'(E*) into equation (2.10), to find that equilibrium profit for firm
i equals D'(E*)A;. This positive profit constitutes a windfall experienced by
firms receiving grandfathered permit endowments.* Even with unimpaired

entry to the cap-and-trade industry, the aggregate equilibrium windfall profit
of D'(E*)E* will never be affected in the model.

It should be highlighted that, in a short-run environment, when firm out-
put is fixed at the optimal level (which is equal to the cap-and-trade long-run
equilibrium level), aggregate equilibrium profit under both schemes will be
identical. We have already demonstrated that P. = P, = D'(E*) is an equi-
librium in the short-run permit market. The aggregate profit in the cap-and-
trade industry will still remain at the level quoted in the paragraph above,
i.e. D'(E*)E*, given that the short-run equilibrium is identical to the long-
run equilibrium under cap-and-trade regulation. We have previously brought
attention to the subsidy term inherent to all baseline-and-credit firm profit
functions which implies that ERC firms are making positive marginal profit in
the optimal equilibrium. The subsidy of P,g;r* per firm (derived earlier from
equation 2.13) is aggregated to D'(E*)E* once r® = cE?— and P, = D'(E*) are
substituted into firm ¢’s subsidy equation. This suggests that, when output is
fixed at the optimal level, aggregate accounting profits in the short-run cap-

and-trade equilibrium are predicted to be equal to the aggregate accounting

profits in the short-run baseline-and-credit equilibrium.

The fact that short-run profits are equal under both plans is not a coinci-
dence and can be attributed to the imposition of an ERC performance standard
equal to the average emission rate under the optimal cap-and-trade plan. This
imposition causes the rents inherent to the induced supply of permits to be

equal under both plans when output is fixed at the optimum.

4Auctioning the permits can potentially drive the windfall, and total profits, to zero.
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3.1 The Laboratory Environment

This chapter provides details on how the theoretical environment is im-
plemented in a laboratory setting. Although the theory presented in Chapter
2 is based on a simultaneous decision of emission rate and output quantity,
the laboratory environment detailed in this chapter is founded on a sequential
decision-making model created in the spirit of the theory presented in Chap-
ter 2. After raising the general issues surrounding implementation, details of
the decision-making sequence, ERC implementation, accounting methods and

graphical user interface will be discussed.

3.2 General Setup

To reiterate, we wish to investigate whether the theoretical predictions
stated in Section 2.4 will hold in a laboratory trading environment charac-
terized by greater institutional detail than the simple competitive theory of
Chapter 2. In particular, our challenge is to test whether long-run equilibrium
results will be obtained when both output and emission rights (allowances or
credits) are traded in a fully specified institutional environment. From the
onset of this work, we expressed the desirability of investigating behaviour,
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not only in the long-run, but also in a short-run setting where emission rates
are variable but output capacity is fixed. We also identified the need to create
a laboratory environment in which the operation of alternative emissions trad-
ing plans could easily be demonstrated to students and policy-makers. This
lead us to reject the context-free framing of the typical laboratory experiment
in favour of a context-laden framing in which subjects are told explicitly that

they are trading emission rights and making output decisions.

Previous to Ben-David et al. (1999), fully specified experimental emis-
sion trading environments assumed fixed output levels and implicitly defined
emission abatement technology choices (Muller and Mestelman 1994; Godby,
Mestelman, Muller, and Welland 1997; Mestelman, Moir, and Muller 1999;
Godby 1999).! In these experiments, subjects traded emission permits; their
permit holdings at the end of each period divided by their exogenous output
implicitly determined their firm’s emission rate. In these environments, the
difference between choosing a sub-optimal emission rate and an error made
while trading permits could not be identified. Ben-David et al. (1999) ex-
amine a model with exogenously fixed output in which firms with differing
and chosen abatement technologies attempt to achieve an optimal allocation
of abatement and permits. Their objective is to test hypotheses regarding how
abatement and cost heterogeneity affect efficiency, permit volume and permit
price. This environment involves subjects making an explicit choice of emission
rate: subjects trade permits and then choose one of three possible abatement
technology levels. Despite adding to the complexity of the experimental en-

vironment, the authors add an explicit emission rate choice to allow them to

L Although some authors use the abstract concept of production technology that is clean
or dirty, we attribute the general notion of a firm’s emission abatement technology level to
a firm’s emission rate: the amount of pollution emitted for every unit of output produced.
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distinguish between emission rate/technology choice errors and permit trading

errors. This is crucial for attributing reasons for trading volume fluctuations.?

The experimental environment required to test our long-run and short-run
predictions will need to be more complex than those from previously published
work. It must be similar to the explicit emission technology implementation
reported in Ben-David et al. (1999) with the addition of a market for out-
put and the introduction of the concept of output capacity. A fully specified
environment with an emission permit market, an output market, an explicit
emission technology choice and an output capacity choice is required to test

our theoretical predictions concerning the alternative emission trading plans.

At first, it might appear to be puzzling why both an output market and
an explicit output capacity choice are required to test the long-run predictions
declared in Chapter 2. These are both required in order to discern between
outcomes originating from strategic actions and outcomes resulting from de-
cision error. Simply adding an output market to the Ben-David et al. (1999)
implementation results in an environment in which deviations in output quan-
tity can be caused by strategic decision making, by emission rate choice errors
or by permit trading errors. The latter two possibilities are associated with
the fact that the quantity of permits required to be redeemed to the regulator
depends on the firm’s emission rate and output. If a firm makes an error and
chooses a higher emission rate than intended, it may not have enough permits
in inventory to produce its expected quantity of output. If a firm mistakenly
purchases too few permits, or sells too many, this might also affect the output

when the firm does not have sufficient permits in inventory to redeem.

2Ben-David et al. (1999) model their abatement technology decision as being “irre-
versible”. Omnce a cleaner technology or lower emission rate has been chosen, the firm
cannot revert back to a dirtier technology at a later decision period.
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In order to focus on market features important to our theoretical pre-
dictions, the experimental setting necessarily abstracts from many additional
market characteristics which exist in a naturally occurring setting. Failure to
abstract could render the experimental setting too complex. Thus, we impose
full compliance, abstracting from issues of penalties and monitoring.® For in-
vestigations of compliance in laboratory emission trading markets, the studies
of Cason and Gangadharan (2004) and Murphy and Stranlund (2004) provide
useful examples. We also assumed that quality of output is fixed and homoge-

neous between firms. Entry to and exit from the industry are not permitted.

In our framework, subjects are told that they represent firms producing
output at a constant variable cost up to a fixed capacity of k units. Production
of ¢ units of output generates emissions at a rate of r emission-units per unit
of output. Total emissions, e, are equal to rq. Total fixed cost, ¢(r)k, depends
on the amount of capacity and the emission rate chosen. Therefore, actual
output quantity determines how much pollution a firm emits, while output
capacity influences a firm’s total fixed cost. Emissions can be subject to cap-
and-trade or baseline-and-credit regulation. Under the former, subjects receive
a periodic allotment of allowances (an endowment). Under the latter, subjects

are assigned a common emission rate performance standard, r°.

The general form used for the unit capacity cost function, ¢(r) is

ci(ri) = uo + (w1 — wo) [(Pmaz — 74) /Tmaz] ™" (3.1)

3We impose compliance by not allowing firms to sell output if they do not own enough
permits to cover the associated pollution. This is different from the method of forced
compliance in the cap-and-trade experiment reported by Ben-David et al. (1999), who force
the emission rate to change to the cleanest alternative that would allow the subject to
fully comply. This method of forced compliance was not used in our implementation as it
would distort the subject’s emission rate choice, which is the focal variable in our rate-based
baseline-and-credit treatment.
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Unit Cost, Ci(ri)

U, Curvature parmater, o;

Up -

Emission Rate, rj
max

Figure 3.1: Unit Capacity Cost Function

This functional form meets the requirements of ¢(r) > 0, ¢(r) < 0 and
d'(r) > 0. Parameters u; and g specify maximum and minimum unit costs,
respectively, and «a; determines the curvature of the unit MAC curve. The
functional form of the unit cost function is illustrated in Figure 3.1. To sim-
plify the choices facing subjects, emission rates are restricted to integer values
in the range [0, ..., Tz, Where 7,4, is the maximum emission rate. This re-
striction implies that the smooth cost curves of Figures 2.1 and 3.1 are replaced
by step functions with steps equal to the difference in costs at consecutive in-

teger values.

The laboratory environment is based on a population of eight firms, two of
each of four cost types. Each firm has the same cost structure, but the param-
eters of the function itself are different for the four firm types. A spectrum of

firm types rated on a scale from A, using the cleanest technology, to D, using
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the dirtiest technology, is defined. The dirty firms have lower uncontrolled unit
costs compared to firms with the cleaner technology, Cuirty(Tmaz) < Ceican(Tmaz)s
but it is cheaper for the clean technology firms to abate pollution than it is for
the dirty firms. This results in dirty firms having higher unit costs than the
cleaner ones at the lowest emission rates, cgirty(0) > Ceean(0). To keep things
simple, the unit variable cost is assumed to be zero, w; = 0 V7 in our imple-
mentation. Exact parameter specifications and associated cost curves will be

provided in Chapters 4 and 5.

In the environment created to test our theoretical propositions, allowances
and credits are traded in a call market. The call market is a sealed bid-ask
auction in which bids and asks are ordered in descending and ascending order
respectively, a market clearing price is determined and all successful orders
are traded at the market clearing price. Output is traded in a similar call
market, except that the demand side is represented by a simulated demand
curve. Financial results for each trading period are reported in a conventional
accounting framework. Capacity has a fixed life of a specified number of
periods, after which it must be replaced. Subjects can adjust the amount of

output capacity at replacement time.

Even though emission trading theory is silent on the effect of market in-
stitutions, laboratory evidence demonstrates that market institutions affect
market performance (Cason and Plott 1996).* For our purposes, keeping the
market institution constant across treatments is essential. A multi-unit uni-
form price sealed bid-ask auction was chosen because of the relatively quick

trading time and high efficiency associated with it.> Smith, Williams, Brat-

4See Davis and Holt (1993) and Kagel and Roth (1995) for a more extensive survey of
the auction literature in general.

5The uniform price auction is very similar to the one used by the New York Stock
Exchange to set daily opening prices based on bid and ask offers submitted prior to the
market opening.
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ton, and Vannoni (1982) report high efficiencies for this type of uniform price
auction in the context of the traditional double-auction institution. Cason
and Plott (1996) espouse the use of the uniform price auction with the EPA
sulphur dioxide emission trading program. Since only marginal traders affect
the market clearing price, this institution provides transparent incentives for
most traders to reveal their true abatement costs. As discussed by Smith
et al. (1982), while traders have incentives to bid below values and ask above
costs, traders of infra-marginal units near the margin that determine price
should fully reveal costs and values to avoid being excluded from the market
by extra-marginal units. Therefore, misrepresentation is not expected to affect

the uniform market clearing price.

3.3 Decision Making Sequence

Our theoretical framework, presented in Chapter 2, uses a simultaneous
decision model where firms are expected to simultaneously select an output
and an emission rate to maximize their profit in continuous time. Our original
idea when creating a laboratory environment was to mimic this by having
subjects choose a capacity level and an emission rate at capacity replacement
time, but to hold emission rates constant over the life of the capital stock.
This would reflect the idea that emission control is built into process design
and that it can only be changed by major reinvestment. Subjects would then

follow the decision pattern outlined as Algorithm 1.
Algorithm 1 Simultaneous markets for emission rights and output

repeat until end of experiment
choose capacity (k) and emission rate (r)
for each period in lifetime of capacity
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submit bids and asks to emission right market
submit asks to output market

wait until output and emission rights markets clear
produce number of units sold in the output market
redeem emission rights

bank excess rights

We quickly concluded that this algorithm would be difficult to implement
in a testbedding environment. There were at least two challenges. First, a
firm’s ability to produce output is constrained by the quantity of emission
rights which it holds, but this amount depends on the result of the emissions
rights market, which is unknown at the time output asks are submitted. To
avoid default, subjects would have to hold a large inventory of rights or else
have some means of obtaining rights in a reconciliation market. Second, and
more importantly, fixing both capacity and emission rate renders the short-run
demand curve for permits perfectly inelastic over the interval 0 < p. < (P —
¢;(r;) —w;) /r;. Small variations in capacity will then lead to rapid oscillations
in allowance or credit prices and consequent instability in the output market.
This algorithm is predicted to lead to behaviour contradicting the spirit of the
model presented in Chapter 2 in which a firm’s demand curve for permits is

driven by their marginal abatement cost schedule.

To remedy these problems, we choose to operate the emission rights and
output markets sequentially. We also allow emission rate to vary in every
period even though capacity still has a fixed, multi-period lifetime. It is as if
emissions could be controlled by short-lived capital investments in end-of-pipe
treatment. Even with these modifications, we learned that the sequencing
of events within each period must be conducted with care. For example,
we tested a version of the model in which subjects sequentially chose their
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emission rates, bought and sold emissions rights, and then offered contracts in

the output market. This sequence is captured in Algorithm 2.

Algorithm 2 Sequential markets following emission rate choice

repeat until end of experiment

choose capacity (k)

for each period in lifetime of capacity
choose emission rate
submit bids and asks to emission right market
wait until the emission rights market clears
submit asks to output market
wait until output market clears
produce number of units sold in the output market
redeem emission rights

bank excess rights

Early simulations with robot traders quickly revealed that this sequence led to
the same kind of unstable results we had obtained from Algorithm 1 because
capacity and emission rate technology were already fixed when subjects were
constructing bids and asks for the emission rights market. Consequently, we
decided to reorder the sequence so that emission rates were set after the permit

market was closed, as shown in Algorithm 3.

Algorithm 3 Sequential markets, emission market precedes emission rate choice

repeat until end of experiment
choose capacity (k)
for each period in lifetime of capacity

emission rights are endowed if cap-and-trade
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submit bids and asks to emission right market

wait until the emission rights market clears

choose emission rate

submit asks to output market

wait until output market clears

produce number of units sold in the output market
redeem emissions rights

emissions rights are created if baseline-and-credit

bank excess rights

Algorithm 3 is the basis for the final long-run simulations, which are reported
in Chapter 4, and the short-run experiment with human subjects reported in
Chapter 5. This algorithm was chosen because the emission permit market
preceding the emission rate choice provides subjects with the incentive to
bid and ask for permits using values along their marginal abatement cost
curves, as suggested by the simultaneous choice model presented in Chapter 2.
Early simulations also indicated capacity volatility due to every firm choosing
capacity levels at the same time in an environment with constant marginal
costs of output. Thus, capacity choice was staggered across firms in the long-
run simulations presented in Chapter 4 so that only one firm decided if it
wanted to change capacity each period. To further limit volatility and cycling
behaviour in the environment, we restricted the ability to modify capacity to
the possibilities of adding one to existing levels, subtracting one from existing
levels, or leaving capacity unchanged. Figure 3.2 illustrates how the algorithm

was implemented in detail.
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Start of period

Subjects begin this period
with last pericd's capacity

Is the subject facing a

cap-and-rade scheme? Endow subject with allowances

No

Permit market:
Call auction trading allowances or credits

Subject chooses
an emission rate

Output market:
Call auction with simulated buyers

Subjects create credits if emission
rate was below the standard

Is the subject facing a
baseline-and-credit scheme?

NOL

Is it this subject's turn to

Subject chooses to raise or lower capacity
choose capacity this period?

by one unit or leave it unchanged

End of period

Figure 3.2: Sequence of Events
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3.4 Eccentricities of ERCs

Algorithm 3 and Figure 3.2 also provide details of the sequencing of the en-
dowment of allowances and the creation of emission reduction credits. Under
our cap-and-trade implementation, a constant quantity of allowances is given
to each firm at the very beginning of each period. This sequencing allows sub-
jects to buy and sell allowances before choosing an emission rate. The relative
framing imposed by the performance standard of baseline-and-credit regula-
tion implies that emission rate must be decided before it is known whether
the firm will be required to redeem credits or if, instead, it will create them.
Furthermore, the emission rate and quantity of output sold must be known
before the quantity of credits redeemed or created can be determined. The pre-
requisites of ERC regulation require that credits created by choosing emission
rates below the standard can only be created at the end of the period, at the
time when permits must be redeemed. This creates a fundamental difference
in the way these schemes can be implemented. For instance, a cap-and-trade
firm that expects to choose a low emission rate this period can sell unneeded
permits (those made available by intending to choose a low emission rate) this
period. However, a baseline-and-credit firm with the same intentions cannot
create credits (by choosing a low emission rate) until the end of the period,
and the credits created by this period’s action cannot be sold until next pe-
riod. Thus the baseline-and-credit implementation must possess an inherent

lag that does not exist under cap-and-trade.

While a fabricated lag could be added to our cap-and-trade implementation
to make the two plans comparable, we decided that mimicking real-world reg-
ulation was of greater importance. While international cap-and-trade systems
have been implemented, or plan to be implemented, in a fairly straightforward
manner, emission reduction credit schemes are often project-based. That is,
firms must get the regulator to validate credit creation on a project-by-project
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basis by convincing them that a specific action taken by the firm has resulted in
reduced emissions from baseline levels. The PERT project (PERT 1997) and
the recent “cap, credit and trade” hybrid trading program in Ontario (OMOE
2003) both require validation of a firm’s identifiable action to reduce emis-
sions before credit creation is realized. The credit creation lag generated by
the logistics of sequential decision making in our laboratory environment is an
unforseen benefit since it mimics an important attribute of real-world baseline-

and-credit emission trading regulation not found in cap-and-trade regulation.

One last noteworthy point regarding credit creation is the implication of a
permanent versus a temporary reduction in emissions. As discussed in Section
1.2, some trading regulations, such those surrounding the U.S. NSPS in the
1970s, only give credit to permanent reductions in emissions while others, such
as recent baseline-and-credit plans in Ontario, allow credits to be created from
temporary emission reductions. Our laboratory emission trading implementa-
tion involves subjects choosing emission rates every period and each period’s
credit creation depends on the emission rate chosen that period only. Whether
the emission rate is permanently lowered or only temporarily lowered for a few
periods is irrelevant. Thus, the implemented baseline-and-credit environment
is similar to the ERC program instituted in Ontario in that temporary emission

reductions qualify for created credits.

3.5 Accounting Rules for Emission Permits

As introduced in Section 1.4, the IFRIC of the International Accounting
Standards Board has drafted an interpretation of how firms should account
for emission rights. After this comment was publicly posted in May 2003, the
committee received many letters of concern indicating that the interpretation

may misrepresent and cause artificial volatility of profits and losses. In re-
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sponse, the IFRIC explored alternative interpretations to the emission right
accounting issue and posted details behind the drafting of a revised accounting
interpretation. However, with the European Union emissions trading scheme
coming into force at the beginning of 2005 and given the need for standard-
ized accounting practices for that scheme, the IFRIC later decided that the
advantages of providing timely accounting guidance outweighed the disadvan-
tages associated with the original drafted interpretation. At its September
2004 meeting, the IFRIC decided to forego drafting a revised interpretation
in order to quickly finalize the original interpretation it had drafted in May
2003.5

Although, as mentioned, the IFRIC posted some details on an unofficial
revised accounting method that did not possess the disadvantages of the orig-
inal accounting interpretation, it is the original accounting method that was
programmed into our laboratory software. From a policy perspective, this
allows us to comment in later chapters on behaviour in an emission trading
environment that uses accounting methods similar to those that will be used
in the European Union, and around the world, as of 2005. The subsections
below provide details on the original IFRIC interpretation, provide examples
of how it was implemented in our environment and highlight some potential

problems with the method.

3.5.1 Accounting Implementation and the IFRIC

Table 3.1 provides a listing of the various accounts used by the emission
trading software created for this dissertation. The asset, liability, and net

worth accounts are balance sheet items, while income and expense accounts,

6The full details of the IFRIC interpretation are attached as Appendix B (Source: In-
ternational Accounting Standards Board Website, www.iasb.org.)
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Account Number

Account Name

Account Type

11
12
13
14
15
21
31
41
42
43
44
45
o1
52
53
54
25
26
61

Cash

Allowance Inventory
Credit Inventory

Fixed Plant
Accumulated Depreciation
Bank Loans

Net Worth

Output Sales
Allowance Sales
Allowances Received
Credit Sales

Credits Received
Materials Expenses
Allowance Expenses
Credit Expenses
Depreciation Expenses
Cost of Allowance Sales
Cost of Credit Sales
Net Income

LogEHgEHEH === =O

Note: A, L, Q, I, E and S denote asset, liability, net worth,
income, expense, and summary accounts, respectively.

along with the net income account, are income statement items.

2004

Actions

and events that occur in the experimental environment translate into debit

and credit double-entry bookkeeping records that are inserted into a ledger

database. These entries not only provide a means for the software to keep

track of subject decisions but they also provide a familiar way to present

subjects with relevant information regarding the status of the experiment at

any given time. This allows us to provide subjects with helpful tools such

as income statements and inventory flow breakdowns (i.e. quantity endowed,

bought, sold, created, redeemed) in each period.
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Accounting entries that do not directly involve emission permits are rela-
tively straightforward. For instance, if a subject decided on an output capacity
and emission rate for the period and total fixed cost associated with the deci-

sion was ¢(r)k = 900, then the accounting entry

Action Account Amount
DEBIT FIXED PLANT 900
CREDIT CASH 900

would be entered into the ledger table for that subject during that period.

Accounting entries related to emission rights are a little more complicated.
Do emission permits have any value if they are held in inventory? Should
permit inventories be valued at the price paid for them? How should endowed
allowances and created credits be treated? To answer these questions, in
May 2003 the IFRIC drafted an interpretation of how to account for emission
permits. The draft interpretation suggested that emission rights be treated
as intangible assets. This entails that endowed allowances and created credits
should enter the books as an asset at fair value.” It is also implied that, when
emissions are generated, each required permit should be surrendered at the

average value of permits in inventory.

The intangible asset rule suggested by the IFRIC is actually a little more
complicated than summarized above. The interpretation also calls for peri-
odic re-evaluation of the permit inventory on the balance sheet when value
fluctuations between the book value and the current market value for permits
occur. The re-evaluation is recorded as a ledger entry adjustment to the per-
mit inventory and equity accounts that appear on the balance sheet. Table 3.2

illustrates a simple example of what ledger entries in our environment might

"We interpret fair value to be the current market price of permits.
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Table 3.2: IFRIC Draft Interpretation Example

Period Action Account Statement™ Amount Balance

1.1 DEBIT Allowance Inventory B 900 900
CREDIT Allowances Received I 900 900
Endowed with 90 permits, last market price was 10 each.

1.2 DEBIT  Allowance Inventory B 200 1100
CREDIT Cash B 200 -200
Purchased 20 permits at a price of 10 each this period.

1.3 DEBIT  Cash B 1000 800
CREDIT Output Sales I 1000 1000
DEBIT  Allowance Expenses I 900 900
CREDIT Allowance Inventory B 900 200
Sold/produced output causing 90 units of emissions for 1000.

14 DEBIT  Allowances Received I 900 0
DEBIT  Output Sales I 1000 0
CREDIT Allowance Expenses I 900 0
CREDIT Net Income I 1000 1000

Close all income and expense accounts to net income.

*Note: ‘statement’ values of ‘B’ and ‘I’ denote whether the account

appears on the balance sheet or income statement, respectively.

look like over a few periods under a cap-and-trade plan. The example assumes

total fixed cost to be zero in order to focus on the permit accounting.

With reference to Table 3.2, let us suppose that the market price for per-

mits was 15 in period 1 instead of 10, and 20 permits were still purchased.

This would cause line 1.2 to change to the entry shown in Table 3.3. If permit

inventories were re-evaluated every period using accounting standards associ-

ated with intangible assets, we would need to insert a journal entry like the

one on line 1.25 in Table 3.3. Since this adjustment only involves balance sheet

items, the income statement is left unaffected by this entry.
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Table 3.3: Additional Entries for IFRIC Example

Period Action Account Statement™ Amount Balance
1.2 DEBIT  Allowance Inventory B 300 1200
CREDIT Cash B 300 -300

Purchased 20 permits at a price of 15 each this period.

1.25 DEBIT  Allowance Inventory B 450 1650
CREDIT Net Worth (Equity) B 450 450
Adjusted inventory due to price change from 10 to 15.

*Note: ‘statement’ values of ‘B’ and ‘I’ denote wether the account

appears on the balance sheet or income statement, respectively.

3.5.2 Problems with the IFRIC Implementation?

As anticipated earlier, the balance sheet focus of an intangible asset could
create misleading income statements due to a mismatching in the accounting
of assets with profits and losses. The specific concern was that changes in the
value of permit inventory is recognized in equity while changes in the value
of permit redemption obligations influences profits and losses on the income
statement. This asymmetry was predicted to create artificial volatility of re-
ported profits and losses. This will not be a problem with our laboratory
implementation since changes in the value of permit obligations are not possi-
ble: firms in our environment are forced to redeem permits immediately upon
sale of output and hence permit price cannot change between the time the

obligation is created and the time at which it must be rendered.

At its meeting in December 2003, the IFRIC posted intentions to draft an
amendment that emission rights should instead be reported in a fashion similar
to currency (since they have value only to be used to settle an obligation), in
that they should be measured at fair value with changes in value recognized

as profit or loss on the income statement. This revision would imply that the
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credit to net worth for 450 in line 1.25 of the example in Table 3.3 above, should
instead be a credit of 450 to net income. This rule change would make changes
in inventory value apparent on the income statement. As mentioned above,
the IFRIC has decided to abandon this proposed amendment and finalize the

interpretation as originally drafted.

Although not documented by the IFRIC, there appears to be another fac-
tor, inherent to both the intangible asset and currency proposals, which could
potentially cause a misrepresentation of profits and losses due to differences
between income statement items and balance sheet items. Buying permits
and adding them to inventory without redeeming them during a period does
not affect the income statement, though it undoubtedly lowers cash balances.
This is simply a redistribution of cash assets to intangible inventory: a simple
shift of equity from one asset to another. According to both accounting in-
terpretations documented above, initial purchases of permits are entered into
the balance sheet at fair value. For an example, see Table 3.2. The account-
ing entries show that net income is 1000 at the end of the period (900 from
the endowment plus 1000 from the sale of output minus 900 for the value of
permits redeemed to the government), which is unaffected by the purchase of

200 worth of permits that are kept in inventory for the next period.

The alarming fact about this mismatching between balance sheet and in-
come statement items is that it might adversely affect firm behaviour. For
instance, according to the income statement generated in Table 3.2, the firm
might believe that its actions were a success; after all it generated 1000 in net
income. This could potentially cause the firm to continue adopting the same
strategy every period which could very likely result in the firm holding large
amounts of permit inventories for no reason. Even if the firm later identifies
the problem and sells these inventories on the market, the permits, due to the
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increased supply, will likely sell at prices much lower than the firm had initially

paid for them.

To clarify, profits or losses associated with purchased permits will not ap-
pear on the income statement until the period they are either sold or used (at
which point an entry similar to lines 1.3 and 1.4 in Table 3.2 will be made).
Therefore, a subject who repeatedly purchases permits and keeps them in in-
ventory each period will appear to be doing nothing wrong according to the
income statement; however, if the subject does not use or sell the entire in-
ventory for an extended period of time, large losses could occur. Of course,
buying permits and not using or selling them will also affect cash holdings but,

again, this asset account is not part of the income statement.

The possible problem discussed over the last few paragraphs is a behavioural
one. Subjects who rely on the income statement for guidance without paying
attention to balance sheet items, like permit inventories and cash, might be
mislead by the accounting rules implemented based on the IFRIC standards.
Although, the computer software created for this dissertation does provide
subjects with all the information needed to make informed rational decisions.
Whether the accounting rules that influence the income statement will influ-
ence human behaviour in our emission trading environment is a question left

to be answered by the laboratory sessions reported in Chapter 5.

3.6 Computer Software and Graphical User In-
terface

In order to meet the needs of this research project we needed to create
a program that was flexible enough to implement our short-run and long-
run environments and be open to new possibilities stemming from different
streams of research into alternative emission trading plans and the institu-
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tions surrounding them. The software was programmed at the McMaster
Experimental Economic Laboratory, using Borland’s Delphi object-oriented
programming language. The software uses a common client-server distinction
passing networking messages using the standard internet protocol. The client
and server programs were written with a modular design so that components
could be easily interchanged. Both client and server programs store data in a
common MySQL database. MySQL provides a robust open source database
that can handle concurrent accessing of data within many tables. To guide
subjects through a relatively complex series of decisions and events, an elab-
orate user interface was programmed into the laboratory software created for

this dissertation.

Figure 3.3 shows the Allowance Order Form. On the right hand side of
the window, the Dataview Form allows the subject to view tables recording
capacity, permits, market data and income statements. The Planner tab,
shown in the figure, reports details on the subject’s capacity and emission rate
in the previous period, as well as results from the output market and cash
holdings. The planner tab also contains a Cost Calculator Panel which can be
used to compute the various components of cost at different levels of output
and emission rates. On the left hand side, the Allowance Order Form allows
subjects to enter bids or asks for emission rights. Up to three bids and three

asks can be specified, each for a different price.

Figure 3.4 presents the Output Order window and the Income Statement
tab of the Dataview Form. The income statement shows the financial results
reported at the end of each period. Revenues from sales of output and of
emission rights are booked at transaction value. Revenues also include the
implied value of allowances received. These have been booked at the latest
market price. The cost of goods sold includes materials costs, the cost of

emission rights used in production and the book value of emission rights sold.
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Figure 3.3: Allowance Order Form
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Depreciation on fixed capital and net income for the period is also reported.
Figure 3.5 shows the types of accounting ledger entries that the experimental

software generates from subject choices.

Full documentation of the final version of the software created for this

project is contained in Appendix E.
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Long-run Implications of Alternative
Emission Trading Plans: An
Experiment with Robot Traders

4.1 Introduction

Theoretical considerations discussed in Chapter 2 suggest the long-run
equilibria of cap-and-trade and baseline-and-credit regulation will differ be-
cause the performance standard in a baseline-and-credit plan embodies a vari-
able emissions baseline linked to output, which is equivalent to an output
subsidy. Compared to a cap-and-trade plan with the same average emission
rate, the baseline-and-credit plan will exhibit higher output and emissions.

Thus, baseline-and-credit plans entail an inherent efficiency loss.

Although the theoretical prediction is reasonably straightforward, it relies
on competitive equilibria being realized in two interrelated markets: the mar-
ket for output and the market for emission permits. Laboratory methods are
ideal to test emission trading theory in real markets. Laboratory markets can
be created to reflect a substantial level of institutional detail while exerting
careful control over a wide range of factors which are uncontrolled in a natural
setting.
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Testing the two competing trading mechanisms requires a relatively com-
plex, fully specified experimental environment.! Chapter 3 provides details
of the laboratory implementation based on the theoretical environment from
Chapter 2, and how it is different from that used in previous emission trading

studies cited in Chapter 1.

This chapter reports on the progress of a major research program designed
to testbed basic forms of the cap-and-trade and the baseline-and-credit meth-
ods of emissions trading, particularly to test whether the predicted difference
in emissions levels will actually be realized. We use robot traders programmed
with myopic profit maximization principles to simulate a long-run experiment
to test whether the predicted long-run equilibria are realized. We begin by
summarizing the predicted outcomes. Secondly, we discuss the parameters
used and their associated equilibrium predictions. Fourth, we describe the
strategies programmed into the robot traders. Fifth, we report the results of
simulations run under a long-run setting. Lastly, we conclude with discussion

and speculation.

4.2 Theoretical Analysis

Previous theoretical literature investigating alternative emission regula-
tions were primarily focused on the cost minimizing, profit maximizing and
generally efficient nature of cap-and-trade style institutions over rate-based
baseline-and-credit institutions (Thomas 1980; Helfand 1991; Dewees 2001).
The theoretical studies of Fischer (2001, 2003) are rather different in that
they focus on comparing cap-and-trade with baseline-and-credit regulation in

a partial equilibrium framework. This framework, involving simultaneously

LA fully specified experimental environment is required because differences between the
alternative emission trading plans involve interaction between permit and output markets.
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determined emission rate and output, provides a good starting point for an

experimental environment.

Chapter 2 presented a multi-firm partial equilibrium model based on work
by Fischer (2001, 2003). We summarize the long-run theoretical predictions
spelled out in Chapter 2 in the following propositions.

Proposition 1 Long-run competitive equilibrium emissions and output are
socially optimal under a cap-and-trade plan, provided the supply of allowances

equals the socially optimal quantity of emissions.

Proposition 2 In the long-run competitive equilibrium, aggregate emissions
and aggregate output under a baseline-and-credit plan are higher than the long-
run equilibrium levels of a cap-and-trade plan with the same average emission

rate.

Section 4.3 provides details of the parameters used in the simulations and
provides specific equilibrium predictions associated with them that are consis-

tent with Propositions 1 and 2.

4.3 Parameters and Implementation

The experimental environment depends on various parameters: the slope
and intercept of the linear demand curve for output, the shape of the unit
capacity cost curve, allowance endowments, performance standards, initial
holdings of cash and emission rights and, of course, the number of firms in
the market. This section details the functional forms and environmental pa-
rameters involved in our laboratory implementation of the basic environment
discussed in Chapter 3.
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For the simulated sessions reported in this chapter, we chose an exogenous
inverse demand curve with equation P = 100 — (). To keep things simple, the
unit variable cost is assumed to be zero, w; = 0 Vi. As stated in Chapter 3, the
laboratory environment is based on a population of eight firms, two of each
of four cost types. A spectrum of firm types rated on a scale from A, using
the cleanest technology, to D, using the dirtiest technology, is used. Type D
firms have the highest marginal abatement costs. The general form used for

the unit capacity cost function, as stated in Chapter 3, is

ci(ri) = uo + (w1 — wo) [(Pmaz — 73)/Tmaz) - (4.1)

Parameters u; and wug specify maximum and minimum unit costs, respec-
tively, and «; determines the curvature of the unit MAC curve. Emission rates
are restricted to integer values in the range [0, ..., nqz], Where 7,4, is the max-
imum emission rate. Due to the relatively complex nature of the experimental
environment, 7,,q, is set equal to 3 for the simulations. This implies that the
relevant marginal abatement cost curves will be step functions based on the
discrete difference in the ¢;(r;) function above for values of r; equal to 0, 1, 2
and 3. This allows enough variation that each of the four firm types can have
a separate equilibrium emission rate and provides more choices than the three
technology level possibilities in the Ben-David et al. (1999,2000) environment.

Table 4.1 shows the parameter values for each of the four firm types.

For cap-and-trade treatments, allowances equal to the optimal emissions
are distributed between the firms, while for baseline-and-credit treatments the
emission rate standard is chosen to be the average emission rate implied by
the optimal amount of emissions and optimal quantity of output. Table 4.2
shows the theoretical predictions of the model using these parameters. Since

a total of 24 units of output and 24 units of emissions result from the optimal
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Table 4.1: Long-run Cost Parameters
Optimal B&C
Emission C&T Performance
Firm Type ul uld o w Rate Endowment  Standard
A - Lowest MAC 76 65 3 0 0 2 1
B - Lower MAC 89 59 3 0 1 4 1
C - Higher MAC 90 59 3 0 2 4 1
D - Highest MAC 269 52 3 0 3 2 1

Table 4.2: Long-run Predictions

Price of
Trading Allowances Output Aggregate Aggregate Active
Institution or Credits  Price Output  Emissions Firm Types
Uncontrolled - 52 48 144 D
B&C 8 68 32 32 A B,C.D
C&T (Optimal) 8 76 24 24 A B,C,D

Note: B&C is Baseline-and-Credit and C&T is Cap-and-Trade.

cap-and-trade equilibrium, these values correspond to the optimal average
emission rate of one, and are reflected by the performance standard of one
imposed in the baseline-and-credit case. While firms can produce optimal
levels of output by choosing an emission rate of one without trading, this will
not be cost minimizing. Trading permits and choosing the optimal emission

rates displayed in Table 4.1 will be efficient under both plans.

Notice from Table 4.2 that aggregate output and emissions are higher in
the baseline-and-credit equilibrium than under the cap-and-trade equilibrium.
The predictions presented in the table highlight the fact that only type D firms
will survive in the uncontrolled equilibrium. It is the minimum uncontrolled
unit capacity costs of type D firms that allow them to out-compete the other
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firm types by driving output levels so high, and corresponding output prices
so low, that the other firms cannot cover their costs. While output and emis-
sions are both predicted to be equal to 24 under cap-and-trade and 32 under
baseline-and-credit, uncontrolled output and emissions are predicted to be 48
and 144, respectively. Uncontrolled equilibrium aggregate emissions are 144
since output is predicted to be 48 and emission rates are predicted to be 3;

there are no cost savings if firms choose emission rates above 3.2

4.4 Robot Traders

As a first step to test our software, we created robot strategies to make
the decisions required of human subjects. Although the primary focus of these
experiments is not to create artificial intelligence traders that operate exactly
the way humans would, we do want to incorporate decision rules that are
both simple and reasonable. The purpose of the robots is to test the logic of
the software, to illustrate the interactions between the markets, and, lastly,
to primitively simulate results of experiments. We assume our robots to be
price-takers that use profit maximization principles when making decisions and
to have myopic expectations that future values will be equal to past values.

Details are reported in the following paragraphs.

4.4.1 Permit Market Strategy

The first event in a typical period is the call market for allowances or
credits. This takes place under a fixed capacity for producing output, but
before an emission rate has been chosen for the period. Since the emission

rate is unknown, a bid and ask strategy that reveals the robot’s entire demand

2In fact, the experimental software ensures that emission rates are not able to exceed

Tmazx-
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and supply schedule for emission rights is constructed, allowing for an optimal
subsequent choice of emission rate. The exact bids and asks depend on the
firm’s established capacity and on its inventory of allowances or credits. The
robot assumes that output will be at capacity because it takes output price
as given and it has constant marginal cost. The firm will make a bid or an
ask for each possible selection of emission rate, . The robot considers each
emission rate, from 0 to r,,,, = 3 in succession, deciding whether it will need
to buy emission rights to reach this goal or whether it will have excess to sell
off. If allowances or credits need to be bought, the robot submits a bid for the
required amount, net of any previous amounts needed to achieve previously
considered emission rates, at a price equal to the unit cost increase of lowering
its emission rate by one unit. If the robot has allowances or credits to sell at
the considered emission rate, the extra permits beyond what would be needed
at the previous emission rate are priced at the cost savings of raising the
emission rate by one unit. That is, the robot prices bids and asks at the firm’s
marginal abatement cost. The bids and asks generated from this algorithm
are profit maximizing in that any price outcome in the market results in the
robot buying or selling the proper quantity of permits in order to be able to
produce and sell the maximum capacity of output at an optimal emission rate.
This results in the robots bidding and asking along their marginal abatement

cost curve.

Before considering the next phase, we shall investigate how these decisions
differ between our two emission trading institutions. Under a cap-and-trade
scheme, the above robot rationality implies that allowances are priced at their
use value. This signifies that allowances are priced using their cost savings dur-
ing the current period since allowances can be used to choose higher emission
rates with lower associated capacity costs. Under a baseline-and-credit regime

there is a unique problem. Using the above stated rule, a firm’s first credits are
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priced at their cost which is the cost increase of reducing its emission rate one
unit below the emission rate standard. However, these credits were produced
at the end of last period. One might argue that the cost of creating the credits
during the preceding period is sunk and that, in this period they have a value
equal to the cost decrease of being able to increase the emission rate one unit
above the standard. In a continuous time simultaneous decision making model
like the one presented in Chapter 2, the issue of sunk costs does not arise. In
our own environment, we program robots with the original rationality. This
assumption seems to be a good fit with our implementation, as credits would
not be created in the first place unless subjects intended to sell them with a

specific reservation price in mind.

The issue discussed in the previous paragraph is similar to the general dis-
tinction between production in advance and production to demand. When
comparing these two models of production, do we expect agents to price in-
ventory at marginal cost under advance production assumptions, or do we
expect agents to treat the production as a sunk cost and price their inventory
at zero? Evidence from experimental advance production markets points to
advance production inventory being priced close to marginal cost. Mestelman
and Welland (1991) find minor support for lower prices under advanced pro-
duction markets than under production to demand markets in an environment
with costless inventory carryover which is similar to our own.® However, the
authors conclude that the two production models generate similar price dis-
tributions and prices under advanced production are significantly higher than

the price of zero suggested by the sunk cost theory.

3The authors’ work investigates both double auction and posted offer market trading
institutions.
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4.4.2 Emission Rate Choice Strategy

In the next phase of the experiment, each subject must choose an emission
rate. Since our robot is a profit maximizer, it simply chooses the discrete value
of r between 0 and r,,,, which yields the highest expected profit. Since the
robot is assumed to have myopic static expectations, this strategy amounts to
the robot simply choosing 7 so that its M AC;(r;) equals the price of allowances

or credits from the current period.

The robot does face a few restrictions. First, total capacity cost at the
chosen emission rate must be affordable. If it is not, the robot is programmed
to choose the lowest emission rate that is affordable. Secondly, if the robot
did not sell its entire capacity last period, the robot will definitely not choose
to increase its emission rate from last period, due to the possibility that the
shortfall in output was caused by the inability of the robot to procure enough

permits.

4.4.3 Output Market Strategy

Next in the sequence of events, the output market uses a call market mech-
anism to elicit a supply curve from subjects. Since capacity and emission rate
have already been chosen for the period, the unit capacity cost is sunk at this
point, therefore, robot traders are programmed to price their output at total
marginal variable cost. Therefore, in our simulations, the output is priced at
the variable cost w; = 0 plus the value of the required allowances or credits

evaluated at their cost-basis.

The firm’s cost-basis is the average value of allowances or credits that has
been entered in inventory. Each time an allowance or credit is bought, its

price augments the cost-basis. When emission rights are used, or sold, they
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are removed from inventory at the current cost-basis value. This rationality
is similar to that detailed in Section 4.4.1. At this price, the robot sells the
maximum quantity of output possible, constrained by capacity and permit
holdings. If the robot is facing a baseline-and-credit plan and if the robot’s
emission rate is lower than the emission rate standard, credits are being cre-
ated. These created credits are evaluated at the current period’s market price
and act as a subsidy entering as a negative term in the price of the output

offer.

4.4.4 Capacity Choice Strategy

The last decision a subject is required to make in a period is to choose a ca-
pacity. To allow for a simple design which does not require robots to consider
whether other robots are changing capacity at the same time, it was decided
that each of the eight firms would choose capacity in separate periods. When
testing our decision sequence algorithm, we found that various simultaneous
capacity decision setups produced instability and cycling which disturbed the
convergent properties of the basic theoretical equilibrium. To solve this incom-
patibility with the underlying model, a staggered capacity choice was decided

upon. This implied a longer but stable convergence process.

To allow for a slow and clean convergence to an equilibrium, we also restrain
the robots from raising or lowering their capacities by more that one unit
at a time. Robots earning positive marginal profit and currently selling at
capacity this period will raise their capacity by one unit because they are

profit maximizing price takers with constant marginal costs.

If robots are earning negative profits, or if they do not sell their entire
capacity during the current period, they will lower their capacity by one unit.
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If robots are earning positive profits they will raise their capacity by one unit.

If none of these conditions are met, the robot will not modify its capacity.

To allow for rounding errors, positive profit is defined to be greater than $1
and negative profit is defined to be less that -$1. In a baseline-and-credit equi-
librium, total and marginal profits are zero due to constant price and constant
marginal cost assumptions. However, firms in a cap-and-trade equilibrium
could earn positive total profits and zero marginal profits because of the fixed
endowment of allowances given to the firm each period. This difference is ex-
plained by the relative nature of the credit scheme compared to the absolute
nature of the allowance scheme. It is worthy to reiterate that firms under
baseline-and-credit regulation that start in a cap-and-trade equilibrium earn
positive profit due to the output subsidy effect and have an incentive to expand
output capacity, eventually driving those profits to zero. Cap-and-trade firms
that start in a baseline-and-credit equilibrium earn negative marginal profits
because of the low output price and have an incentive to contract output until
marginal profits are zero and total profits are equal to the equilibrium value

of the allowance endowment.

4.5 Simulated Session Results

In this section we present results of a simulated experiment designed pri-
marily to test the operation of the software. In addition to demonstrating the
feasibility of the computerized environment, we wish to investigate whether a
change in regulation from cap-and-trade to baseline-and-credit trading leads
to the higher levels of output and emissions predicted by Proposition 2, and
whether the stability of the system would be affected by random decision mak-
ing errors by the subjects. We compare two institutional conditions: a switch
to cap-and-trade rules starting from the predicted equilibrium under baseline-
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Table 4.3: Number of Simulated Sessions by Treatment

Error Condition

Trading Initial No Errors Low Errors High Errors

Institution Equilibrium COV=5% COV= 15%
B&C C&T 1 1 1
c&T B&C 1 1 1

and-credit trading and vice versa. We consider three levels of decision error:

none, low and high.

In the no decision error treatment, all robots follow deterministic strate-
gies described in Section 4.4. In the remaining two treatments, robots submit
bids and asks chosen from a normal distribution around the profit maximizing
price. The small decision error treatment chooses price from a normal dis-
tribution with a standard deviation set equal to 5% of the profit maximizing
price, therefore with a coefficient of variation of 5%. The large decision er-
ror treatment is constructed assuming a 15% coefficient of variation. Table
4.3 illustrates this 2x3 factorial design. In each cell, we report results from
only one simulation as it makes the presentation of the results much clearer.
Replications produce similar results to those disclosed in this section. The
observations below are based on the simulation results illustrated in Figures

4.1 through 4.6.

Figure 4.1 illustrates the cap-and-trade simulation using robots making no
decision errors and starting parameters at the higher output levels consistent
with a baseline-and-credit equilibrium. The upper-left panel shows how ca-
pacity and output quickly and smoothly converge to their equilibrium level.
Once they have done so, however, rearrangements toward an equilibrium dis-
tribution of output between firms causes minor perturbations in the allowance
market in the lower-left panel. This is caused by firms changing capacities
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and hence switching between the role of buyer and seller, because allowance
distribution between the firms is constant. These very minor deviations in the
allowance market result in subsequent discrete emission rate changes in the
lower-right panel. These emission rate fluctuations cause aggregate emissions
to follow an oscillating convergence pattern toward equilibrium. As predicted
by theory, all four panels show that the cap-and-trade equilibrium is conver-
gent. Proposition 1 is supported by the result that, when profit maximizing

decisions are made, the cap-and-trade outcome is optimal.

Figure 4.2 illustrates a simulated baseline-and-credit plan, with no decision
error, starting from cap-and-trade equilibrium values. Note that, at the start
of the period, credit price in the lower-left panel is high because firms are not
initially provided with any credits to sell or use. Subsequent emission rate
choices are all low because no firm can procure the credits needed to emit
above the emission standard. As credits become available in the subsequent
periods, they feed output expansion since the emission rate standard acts as
an output subsidy. Consequently, emission rates return to their equilibrium
and capacity, output and aggregate emissions climb smoothly to their new,
higher equilibrium levels. Notice that capacity overshoots its equilibrium value
as the sequence of capacity expansion leads to an unstable distribution of
output between firms that must unravel itself appropriately until aggregate
capacity drops down to the equilibrium output level. Thus, Figure 4.2 supports
Proposition 2 as it illustrates that long-run equilibrium output and emissions
are greater under baseline-and-credit than they are under a cap-and-trade plan

with an identical average emission rate.

Figures 4.3 through 4.6 illustrate that results are rather different when
robots make errors in their pricing decisions. Generally speaking, while under
the no decision error assumption, robot simulations reveal more volatility on

the convergence path under a cap-and-trade plan than under a baseline-and-
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credit plan; this does not hold true when robots make decision errors. The
cap-and-trade sessions in Figures 4.3 and 4.4 show less volatility in the out-
put market, the emission rights market, emission rate choice and aggregate
emissions than the corresponding baseline-and-credit simulations in Figures
4.5 and 4.6. The discrepancy is most pronounced when comparing the upper-
right emissions panel and lower-left permit price panel of Figures 4.4 and 4.6

involving large decision errors.

The period 1 spike in credit prices found in the lower-left panel of Figure
4.2, explained by the lag in credit creation, appears to have created even more
volatility in the ERC decision error treatments, evidenced in the lower-left
panels of Figures 4.5 and 4.6. If firms are endowed with a sufficient initial

holding of credits, this irregularity will not occur.

The wild oscillations in aggregate emissions under the baseline-and-credit
plan is the most unexpected result and could have very significant welfare
repercussions due to the weakly convex environmental damage function. Baseline-
and-credit institutions can provoke more volatility than cap-and-trade insti-
tutions when firms make errors because firms can fuel their own mistakes,
emission-wise, due to their variable emission baseline. Remember that a firm
with an emission rate equal to or less than the performance standard need not
redeem any credits to the regulator. Under a cap-and-trade system, random
decision error is not as much of a problem, on account of the fixed allocation

of allowances every period.

The allowance and credit permit markets exhibit only minor volatility com-
pared to aggregate emissions. This is most likely due to the susceptibility of
emissions to volatilities from multiple sources such as instability of emission
rates, capacity levels and permit holdings. There seems to be evidence, how-
ever, that fluctuations in emission rates might be driving the volatility in
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emissions more than other factors. The lower-right panels of Figures 4.4 and
4.6 provide evidence of frequent oscillations in emission rate choice. The the-
ory presented in Chapter 2 suggests that profit maximizing agents set emission
rates so that their marginal abatement cost equals permit price. However, the
volatility found in the permit market displayed in the lower-left panel of the
two figures does not match the scale found in the emission rate volatilities.
An explanation of this mismatch could be due to the fact that we have im-
plemented firms with marginal abatement cost curves with only three steps
(remember emission rates can be any integer value between 0 and 3). Instead
of a smooth MAC curve which will result in small changes in emission rates
due to small permit price fluctuations, our simulations may lead to drastic
changes in emission rates, effectively caused by our discontinuous MAC step
function. While a continuous function may be too complicated for experimen-
tal subjects, increasing the number of steps in the function (i.e. increasing

Tmae greater than 3) may mitigate this problem.

Nonetheless, there is evidence in the high and low error treatment results
that permit market volatility is greater under baseline-and-credit than under
cap-and-trade. The higher volatility in the credit market is partly caused by
current period demand being influenced by current period expectations and
outcomes, while current period credit supply is determined in the previous pe-
riod according to the previous period’s expectations and outcomes. It appears
as if the lag in credit creation, which has no corollary in the cap-and-trade
environment, causes the credit market to be more volatile than the market for

allowances.

These findings may be summarized by the following observations.
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Observation 1 With the assumption of no decision error, robot traders under
both cap-and-trade and baseline-and-credit emission trading schemes converge

to their respective predicted equilibria, supporting Propositions 1 and 2.

Observation 2 Fach emission trading institution’s output market convergence
pattern seems to frequently under-supply output when decision errors are made,
but both treatments’ capacities converge to their equilibrium levels from above,

whether there are small, large, or no decision errors at all.

Observation 3 While the call auction trading mechanism seems robust in
the face of robots making decision errors, the performance standard and credit
creation lag inherent in the baseline-and-credit emission trading scheme makes
the credit market more volatile than the allowance market. This volatility may
be mitigated by a credit for early action period or simply endowing firms with

an initial supply of credits.

Observation 4 Decision errors greatly increase the volatility of aggregate emis-
sions under a baseline-and-credit plan while only mildly raising the volatility of
emissions under a cap-and-trade plan. There is evidence that emission volatil-

ities could be due to the implementation of a discontinuous MAC function.

4.6 Discussion and Conclusions

This chapter is the first report on the construction of a new emission trading
experimental environment. Focus is placed on designing and implementing a
computerized laboratory environment suitable for testing long-run predictions
about cap-and-trade and baseline-and-credit emission trading plans. While a
working program was created in which permits, emission rates and output are

determined in interrelated markets, much work remains before the experiment
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can produce credible results from human subjects. The robot simulations
reported in this chapter support our two propositions that cap-and-trade out-
comes are optimal and that baseline-and-credit outcomes exhibit higher output
and emissions. While the theory presented in Chapter 2 simply states the ex-
istence of these separate long-run equilibria, the results from the simulations
presented in this chapter prove that simple myopic profit maximizing robots

exhibit behaviour leading them to the theorized equilibria.

At the technical level, we have discovered that robot strategies achieve equi-
librium only when parameters and the order of the decision making sequence
are carefully chosen. We have also found greater than expected volatility in
various aspects of the environment, under both types of trading plans. We
believe this instability may be due to the small number of discrete steps per-
mitted in emission rate choices and we plan to expand the number of steps by
increasing the range of discrete emission rate choices to mitigate this problem

in future human experimental sessions.

With this first look at a laboratory baseline-and-credit emission trading
plan, we discovered various consequences of the performance standard and the
lag in credit creation. Firstly, it is evident that the above two discerning factors
of baseline-and-credit trading are causing the higher volatilities found in the
credit plan compared to those found under cap-and-trade. The performance
standard creates the possibility of pricing errors leading to greater emission
volatility because emissions are not capped. Since firms with emission rates
equal to or below the standard are not required to redeem any permits, pricing
errors could drive them to create higher levels of emissions than are possible
under a capped plan. The lag in credit creation, on the other hand, causes
volatility by separating effects on demand and supply into consecutive periods.
The lag in credit creation also implies that, if some baseline-and-credit firms
are not explicitly endowed with credits in the first decision period, there will
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be no credits to buy and sell until the second period. This lack of “starting”
credits provokes some early permit price volatility under baseline-and-credit.
A reasonable solution to this problem might be to endow firms with their
equilibrium level of credits at the beginning of the first period. Firms with
equilibrium emission rates below the standard should begin the experiment
with the number of credits they would create in equilibrium; all others should

start without credits.

In running the robot simulations, it was apparent that robot strategies
must also be constrained to adjust capacity by one unit at a time on a rotating
basis in order to avoid unstable cycling behaviour. This implementation led to
slow convergence to equilibrium and artificially long capital lives. We plan to
investigate whether this constraint could be relaxed if capacity decisions were
explicitly related to profit levels. It remains to be seen whether human subjects
making simultaneous capacity decisions will demonstrate cyclical behaviour

constantly over- and under-shooting the equilibrium level of output.

The next logical step is to test the laboratory environment with human sub-
jects. The decision making environment is complex and we must investigate
whether it can be effectively communicated to human subjects. Pilot sessions
using the current interface will be crucial in this attempt. The difficulty expe-
rienced when programming profit maximizing myopic robots, along with the
volatility found throughout the experimental environment using simulations,
suggests that a less complicated environment is required before testing initial

laboratory experiments with human subjects.
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Chapter 5

Short-run Implications of Alternative
Emission Trading Plans: Experimental

Evidence

5.1 Introduction

This chapter presents results from the first laboratory experiment to com-
pare baseline-and-credit emission permit trading with cap-and-trade emission
permit trading. Because of the complexity involved in setting up an experi-
mental environment rich enough to test for differences between these two al-
ternative emission trading mechanisms, our research program has split up the
investigation into first testing the theoretical prediction in a short-run setting,

leaving the testing of a more complicated long-run setting for future research.

While the long-run baseline-and-credit equilibrium is inefficient, the short-
run baseline-and-credit equilibrium is identical to the corresponding optimal
cap-and-trade equilibrium. The short-run (and long-run) theoretical predic-
tions discussed in Chapter 2 rely on competitive equilibria being realized in
two interrelated markets: the market for output and the market for emission
permits. The complexity of the environment increases with the addition of
an emission rate choice along with a fixed output capacity in the short-run.
If the theoretical predictions are not to be considered a mere curiosity, it

would be useful to demonstrate whether the potential gains from trade will
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actually be achieved under the two schemes, as conjectured, in real markets.
Robot simulations reported in Chapter 4 provide evidence that myopic profit
maximizing firms exhibit behaviour consistent with the long-run equilibrium
predicted by theory. However, decision sequence effects and market volatili-
ties in the simulations, suggest that a long-run experiment involving human

subjects is premature.

This chapter reports progress on a laboratory experiment designed to
testbed basic forms of cap-and-trade and baseline-and-credit methods of emis-
sion trading to discover whether (1) the predicted short-run identical emission
levels will actually be realized, (2) the prices of permits and output will reflect
the equilibrium predictions and (3) the quantity of output will reach capac-
ity. This is a necessary step in order to properly attribute, in future work,
any differences in long-run emission levels between the two mechanisms to the

different underlying incentives instead of to the frames themselves.

The experiment reported here comprises of 6 sessions: 3 sessions facing
cap-and-trade regulation and 3 sessions facing baseline-and-credit regulation.
The chapter is organized as follows. First, we summarize the relevant theoret-
ical framework from Chapter 2. Second, we introduce three pilot experiments
involving a different accounting treatment. Third, we describe the comput-
erized trading environment that we implemented for the experiments with
human subjects, which differs slightly from that reported in Chapters 3 and 4.
Fourth, the predictions of the model are discussed. Subsequently, we report

the experimental results and, lastly, we discuss and conclude the study.

5.2 Theoretical Framework

Chapter 2 discussed the theoretical equilibrium predictions relative to our
long-run and short-run environments. As assumed in Chapter 2, the short-run
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environment implemented in the experiment and presented in this chapter fixes
output at its optimal level, () = QQ*, which also happens to be the long-run cap-
and-trade equilibrium level. Chapter 2 discusses in detail how the short-run
equilibrium predictions are identical for both cap-and-trade and baseline-and-
credit trading plans. This section lays out specific testable propositions based

on the theory presented earlier.

In the short-run, where firm output capacities are fixed at their optimal

levels. . .

Proposition 1 the cap-and-trade competitive equilibrium outcome s identical
to the baseline-and-credit competitive equilibrium outcome. Therefore aggre-

gate emissions are identical under both plans.

Proposition 2 the cap-and-trade and baseline-and-credit competitive equilib-

ria are identical to the socially optimal equilibrium.

Proposition 3 aggregate profits are identical in the cap-and-trade and baseline-

and-credit competitive equilibria.

5.3 Pilot Sessions

The experiments reported in this chapter are based on a double-entry ac-
counting framework and use emission right accounting procedures akin to those
set out by the IFRIC as documented in Chapter 3. Before running the short-
run sessions reported in this chapter, three pilot sessions were conducted to
test the feasibility of the experiment. Results from these pilots provided ev-
idence of unexpectedly high permit inventories which might be attributable
to a misrepresentation in the accounting of emission permits. This potential
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accounting inconsistency was raised in Section 3.5.2 where it was discussed
how buying permits and not using them in the current period does not affect
a subject’s income statement. Reliance on the income statement as a prof-
itability indicator may lead some subjects to build inventories and suffer large
losses later in the experiment. For the six regular short-run sessions, it was
decided that we would warn subjects of this misrepresentation in the exper-
iment’s instructions and on the income statement screen in the experimental
software. A comparison between the pilots and the six regular sessions pro-
vides an interesting accounting treatment effect which is presented along with

the regular results in Section 5.6.

5.3.1 Details of Pilot Sessions

The first pilot session was run in September of 2003. It implemented a
baseline-and-credit environment similar to that reported in the simulations of
Chapter 3 except that output capacity was fixed and emission rates between
zero and nine were allowed to be chosen.! Debriefing subjects following the first
pilot revealed that the environment and software were still too complicated.
While results from the pilot looked promising, subjects were carrying large
quantities of permit inventories. This was a concern, as it is irrational for
myopic profit maximizing agents to carry any inventory from period to period.
Even though there may be legitimate reasons why human subjects might carry
inventories, such as risk aversion (this will be discussed in detail in Section 5.6),
we could not eliminate a general misunderstanding of the baseline-and-credit
environment as a major cause of the inventory carryover since we had not yet

run any pilot sessions in a cap-and-trade environment to provide a comparison.

IThis choice of emission rate range will be discussed in Section 5.4
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Figure 5.1: Inventory Carryover under Baseline-and-Credit Regulation in Pilot
1

Figure 5.1 illustrates aggregate inventory holdings at the end of each pe-
riod during the first pilot. End of period holdings are defined to be the total
inventory held by all subjects at the end of each period not including the cred-
its created at the end of that period. With this definition, risk neutral agents
should have no motivation to carry an inventory in any period, under both
emission trading schemes. However, if agents are risk averse, the only predic-
tion we can make is that they will not carry an inventory in the last period. As
will be explained in Section 5.4.1, subject earnings in the experiment are based
only on cash holdings at the end of period 10; any permits kept in inventory
at the end of period 10 are worthless. This provides an incentive to use or
sell all permits before the end of the last period. So, while risk averse agents
may carry inventories between periods, there is no rational reason for them to

do so in period 10. Risk aversion can be eliminated as the sole motivation for

88



PhD Thesis — Neil J. Buckley ——— McMaster University - Economics — 2004

inventory carryover as excess inventory holdings still dominate in period 10 of
the first pilot. There is some evidence of risk aversion however, as inventories

built up over the first nine periods are almost cut in half in period 10.

After the first pilot, part of the instructions were revised and the software
interface was modified using feedback from previous subjects.? The parameters
of the environment were also changed; the new values were eventually used
for the second and third pilot and also for all six regular sessions reported
in this chapter. The second pilot was conducted in October of 2003 and
used the short-run baseline-and-credit treatment. The third pilot was held
in November of 2003 and replicated the second pilot under a cap-and-trade
framework. Their identical parameterization implies that the results from the
last two pilots are directly comparable to the six regular sessions, while the

results from the first pilot are not.

We decided to make only two changes between the last two short-run pilots
and the six regular short-run sessions. First, we decided not to change the soft-
ware implementation that accounted for emission rights as an intangible asset.
This accounting interpretation is expected to be finalized by the International
Accounting Standards Board before the end of 2004. Instead, we decided to
warn subjects of the misrepresentation of permit inventory by adding a note
in the laboratory instructions and in the income statement. This warning pro-
vides laboratory subjects with the kind of specialized knowledge that industry
decision makers will be armed with when the TASB standards are adopted.

Whether these warnings will be sufficient to eliminate the seemingly irrational

2Bidding and asking behaviour from the first pilot demonstrated a significant number
of subjects entering orders at the previous period’s market price without using the ability
to enter multiple bids and/or asks so that they could buy or sell appropriately no matter
what the price turned out to be this period. Based on subject debriefings, we concluded
that this behaviour was caused by our initial instructions for the call auction; therefore the
relative section of the instructions was rewritten to clarify how the market clearing price
and quantity are determined in the uniform price call auction being used.
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inventory behaviour from the first pilot remained to be seen, but will be ad-
dressed in the results (Section 5.6). The added notice warned subjects how
changes in permit inventory would not be reflected on the income statement
until the period in which the permits were used or sold. An example was given
explaining how buying permits and holding them in inventory would not in-
fluence the income statement, but that it would affect cash holdings, which is

the sole factor in determining subject payoffs at the end of the experiment.

The second change implemented between the last two pilots and the six
regular sessions was that the output market decision became automated for
subjects. During pilot session debriefings, it was discovered that the output
market was adding length and confusion to the experiment. Subjects remarked
how the profit maximizing strategy in pricing output, when output capacity
and the demand for output was fixed, was relatively easy compared to formu-
lating a permit market strategy. Subjects felt that the extra time spent on
formulating a strategy in this uninteresting market was causing them to lose
focus on the permit market and their emission rate choice, which contributed
to longer decision times and, overall, a lengthy experiment. For these rea-
sons, it was decided that subjects in the six official short-run sessions would
be forced to sell the maximum amount of output possible, constrained by ca-
pacity and permit holdings, at the market clearing price. The debriefing of
subjects participating in the six official short-run sessions gave evidence that
this simplification was successful. This addition of a forced output market
strategy is, however, a nuisance variable if one is interested in investigating
the effects of warning the subjects regarding the misrepresentation inherent to
the IFRIC/TASB accounting methods, because both were implemented at the
same time.
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5.3.2 Accounting Treatment Predictions

Since only two changes were made, any difference in results between the
last two pilots and the later six sessions can be attributed to the accounting
misrepresentation and the forced output market decision. Care must be taken
in trying to separate the effects, however, given that the consequences of the
accounting warning and output market change are interrelated. For example,
the accounting rule is theorized to affect permit inventories directly while the
output market rule could impact permit inventories indirectly since it may
affect the quantity of output sold which in turn affects the number of per-
mits required to be redeemed. These two modifications may influence permit
market, emission rate and output market outcomes in a confounding manner
throughout all ten periods of the experiment due to the interrelated nature of

the components in our model.

However, there are a few distinctions to be made between the effects. The
forced output decision implemented after the pilots produces only one direct
effect, the possibility of greater output production and sales. It cannot lead
to lower output sales since an ask is automatically submitted on behalf of the
subject to sell the maximum amount of output at a price of zero. While out-
put sales are predicted to be at capacity before the forced decision, strategic
error on behalf of a pilot subject could cause a shortfall in output.®> On the
other hand, the profit and loss misrepresentation warning is predicted to gen-
erate lower permit inventories as a direct effect. Fortuitously, we can use our

alternative emission trading schemes to identify each effect separately.

Under cap-and-trade, potentially greater output caused by the new out-
put rule could decrease permit inventories due to the fixed supply of permits

and the higher redemption obligations of increased output, ceteris paribus.

3Under the pilot rules, a subject may price his/her output above the market clearing
price and not sell output at his/her capacity.
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This conjecture is confounded by the prediction of lower permit purchases and
tmventories directly caused by subjects buying and holding less permits in in-
ventory due to the income statement warning. If one finds significantly lower
permit inventories after the cap-and-trade pilots, the theorized treatment effect
can be supported, but cause cannot be attributed to either change specifically;
theory predicts both modifications will lead to lower permit inventories under

cap-and-trade regulation.

The baseline-and-credit scenario, however, allows for identification of the
problem. Under ERC trading, a potential increase in output caused by the
new output rule should not affect permit inventory in any way, because there is
no fixed permit supply as there is in the cap-and-trade case. Under baseline-
and-credit trading, the supply of credits is proportional to output because
of the relative target imposed by the performance standard.* Thus, when
output increases under an ERC plan, this induces a proportional increase in
the supply of permits which allows for the extra redemptions required without
affecting permit inventories. The effect of the accounting warning is fully
identified under baseline-and-credit, as the accounting warning is predicted to
lower permit inventories directly and the forced output decision is predicted
to possibly raise output, but this higher output will not cause a drain on ERC
permit inventories (due to the performance standard, demand and supply of

permits increase when industry output increases).’

To see why the forced output decision is predicted to have no impact on
baseline-and-credit permit inventories, consider the simple example below. If

the forced output market decision caused each cap-and-trade firm to sell one

4See Chapter 2 for more details.

5This prediction assumes that the increase in output is allocated symmetrically across
both firms above and below the performance standard, implying that firms that create
credits (with emission rates below the standard) increase their output in an identical fashion
to firms that redeem credits (with emission rates above the standard).

92



PhD Thesis — Neil J. Buckley ——— McMaster University - Economics — 2004

more unit of output per period, this would require each firm to redeem one ad-
ditional permit from inventory per period. The forced output rule is predicted
to potentially lower permit inventories under cap-and-trade regulation. On
the other hand, if the forced output market decision caused each baseline-and-
credit firm to sell one more unit of output per period, this would require each
firm with an emission rate above the performance standard to redeem one more
permit from inventory per period; however, the increased output would cause
each firm with an emission rate below the performance standard to create one
more permit in inventory. The average emission rate in a baseline-and-credit
equilibrium must always equal the performance standard (otherwise demand
for credits will not equal supply), so the amount of permits created and added
to inventory in this baseline-and-credit example must equal the number of
permits taken from inventory. The forced output rule is predicted to have no

effect on permit inventories under baseline-and-credit regulation.

The aforementioned conjectures are consolidated in the following propo-
sitions which will be addressed when the laboratory results are analyzed in

Section 5.6.

Proposition 4 Under cap-and-trade, the treatment effect of the output and
accounting changes implemented after the pilot sessions is predicted to yield
lower permit inventories. The separate implications of the two modifications

cannot be identified.

Proposition 5 Under baseline-and-credit, the treatment effect of the output
deciston modification has no effect, but the accounting modification imple-

mented after the pilot sessions is predicted to yield lower permit inventories.
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5.4 Experimental Design

To test our propositions regarding cap-and-trade and baseline-and-credit
emission trading schemes in a controlled short-run laboratory setting, we re-
quire only a very basic experimental design. Given that this paper is part of a
larger research agenda using the same basic framework, we chose to run 3 ex-
perimental sessions for each emission trading scheme.® Each of these sessions
involves 8 subjects and were run in March and April 2004. All 48 recruited
subjects were McMaster University undergraduates who had passed a standard
first year Economics course. Due to the relatively complicated experimental
setting, subjects were paid a flat rate to undergo training in an environment
similar to the one in which they were to participate.” The training consisted
of instructions being read aloud, a basic questionnaire to ascertain participant
understanding, and a 4 period practice experiment with a unique parameteri-
zation. Afterward, subjects participated in the ten period experiment reported
in this paper. Sessions lasted between 2 and 3 hours including a break. Ex-
periment earnings were based on each firm’s cash holdings at the end of the
experiment. Subjects earned between $10 and $81.75 with a mean of $42.69,
including the training fee of $10. Table 5.1 presents a summary of the ex-
perimental design, including the two pilot sessions pertinent to the current

study.

Unlike many emission trading experiments that re-use subjects for different
treatments due to the high cost of training (e.g. Ben-David et al. 1999;
Murphy and Stranlund 2004), we used different subjects for all sessions. Once

a subject participated in a session, they were not allowed to participate in

6This is in addition to a pilot session for each trading scheme, run in preparation of this
short-run experiment.

"This flat rate allows them to test different strategies without it affecting their remuner-
ation.
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Table 5.1: Experimental Design: Number of Sessions

Trading Pilots with Theorized Regular Sessions with

Institution Accounting Problem  Accounting Warning
Cap-and-trade 1 3
Baseline-and-credit 1 3

any others. This allows us to consider the 3 sessions for each emission trading

scheme as being truly independent of each other.

The software implementation of the laboratory environment was programmed
at McMaster University using Borland’s Delphi programming environment and
the MySQL open source database. All sessions were run at the McMaster
University Experimental Economics Laboratory. Please see Chapter 3 for an
overview of the environment and Appendix E for programming details of the
computer software. It is a fully specified environment with an emission permit
market, an output market and an explicit emission technology choice. The
program also allows for an output capacity choice, which is not used for the

short-run experiments presented in this chapter.

Unlike most experiments, the software for this project is framed using
terminology from the pollution abatement context. Preliminary pilot sessions
with human subjects were discovered to be hampered by instructions and
software which framed the experiment in neutral terms. A neutral framing
was rejected so as not to complicate an already complex trading environment.
With a complicated environment, experimenters stand the chance of losing
control if subjects are forced to create their own, possibly faulty, context for
understanding the underlying economic incentives. Framing the experiment
in context not only allows us more control over subjects’ interpretation across
treatments, but allows us to create an environment in which the operation

of alternative emissions trading plans could be demonstrated to students and
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policy-makers. Experimental instructions for the cap-and-trade and baseline-
and-credit treatments reported in this chapter are provided in Appendix C

and Appendix D, respectively.

During the experiment, we presented a short-run frame in which subjects
are told that they represent firms producing an output at a constant cost up
to a fixed capacity level, k. The variable cost of production, w;, mentioned
in Chapter 2, is set to zero. Since heterogeneity of abatement costs is neces-
sary for potential gains in emission trading, output capacity is imposed to be

uniform across all firms for simplicity; £ is set at 4 for all firms.

We employed a design using eight firms per session. Two firms had one of
four different marginal abatement cost schedules. The type D “dirty” firms
have the steepest MAC curves, the type A “cleanest” have the flattest. Sub-
jects were presented with MAC curves represented by step functions. These
functions were broken down into nine steps corresponding to emission rate
possibilities ranging from integer values between 0 and 9. While Ben-David
et al. (1999,2000) implement an explicit emission rate choice with three pos-
sible levels, we have learned from the robot simulations reported in Chapter
4 that MAC functions with a limited number of steps may contribute to the
volatility of permit price, emission rates and aggregate emissions. MAC func-
tions for this experiment were implemented with nine steps so as to make the
function more continuous without making the environment too complex. The
general form used for the unit capacity cost function is identical to that used

in the robot simulations, detailed in Chapter 3,

[ (5.1)

ci(ri) = uo + (u1 — o) [(Tmaz — 7i)/Tmaz

only now r,,,, is set to 9. Steps of the relevant MAC function can be found by
calculating the cost differences between integer emission rate values between 0
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Table 5.2: Short-run Cost Parameters

Optimal c&T B&C B&C
Emission Endowment Performance Initial
Firm Type ul u0 Rate Each Period  Standard Credits

A-cleanest 172 88 2 20 5 12
B-clean 249 64 4 20 5 4
C-dirty 375 52 6 20 5 0
D-dirtiest 1852 29 8 20 5 0

Note: B&C is Baseline-and-Credit and C&T is Cap-and-Trade. a = 3 and
w; = 0 under both trading plans.

and 9 (i.e. ¢;(r; =7)—ci(r; =j+1) Vj€]0,8]). A graphical illustration and
discussion of each firm type’s MAC curve is provided in the discussion below

on the laboratory decision making sequence.

Under cap-and-trade regulation, subjects receive an allotment of 20 al-
lowance permits at the beginning of each period. Under baseline-and-credit
regulation, subjects are assigned a common emission rate performance stan-
dard of r® = 5. This is the average overall emission rate in the cap-and-trade

8 The demand for output is exogenous and is repre-

treatment equilibrium.
sented by the inverse demand function P = 320 — 5@, where P is the output

price and Q is the quantity demanded.

Table 5.2 presents firm-specific parameters used in the short-run sessions
reported in this chapter. Table 5.3 summarizes the associated short-run equi-

librium predictions under the alternative emission trading mechanisms.

8Since the average emission rate under cap-and-trade is equal to 5 and output capacity is
equal to 4, firms generate 20 units of pollution on average in equilibrium, using up the total
endowment of permits. Under baseline-and-credit, the performance standard of an emission
rate of 5 enforces that the average emission rate per firm is also 5. However, in this case
without endowments, some firms create supplies of permits by choosing low emission rates
and then sell them to other firms with emission rates above the performance standard.
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Table 5.3: Short-run Predictions

Price of
Trading Allowances Output Aggregate Aggregate Active
Institution or Credits  Price Output  Emissions Firm Types
B&C 16 160 32 160 A B,C,D
c&T 16 160 32 160 A B,C,D

Note: B&C is Baseline-and-Credit and C&T is Cap-and-Trade.

5.4.1 Decision Making Sequence During the Experiment

The first action to be taken in a period involves allowances and credits to be
traded in a call market. This occurs immediately following the endowment of
allowances upon firms under cap-and-trade regulation. The permit call market
is held as a uniform price sealed bid-ask auction in which submitted bids and
asks are ordered in descending and ascending order, respectively. A market
clearing price is then determined, and all successful orders are traded at the
market clearing price. Production of output generates emissions at a rate of
r emission-units per unit of output ¢. Knowing that output is constrained
by capacity, each firm, once the permit market is cleared, can choose their
own emission rate ranging from zero to nine. The ten possible choices give
an acceptable approximation to a continuous variable. Figure 5.2 presents the
4 firm types’ marginal abatement cost curves and their equilibrium emission
rates of 2, 4, 6 and 8 associated with the equilibrium permit price of $16.
Because the computer software only allows emission rates to be integer values,
the effective marginal abatment cost curves are step graphs. Total fixed cost,

c¢(r)k, depends on the emission rate chosen.

Assuming a production-to-demand model, output units trade in a similar
call market, except that the buyers are represented by a simulated demand
curve. At the end of each period, allowances are redeemed and credits are
created /redeemed by the governing authority. Any permits held over at the
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end of the period are automatically banked until the proceeding period. The
number of credits created or redeemed under an ERC plan cannot be com-
puted until all decisions have been made for the current period due to the
fact that the quantity depends on a firm’s emission rate choice and amount
of output produced/sold. This creates a lag in sellers’ inventories of permits
under baseline-and-credit that does not exist under cap-and-trade.® Financial
results for each trading period are reported in a conventional double-entry
accounting framework allowing for realistic accounting statements not often
found in controlled laboratory settings. The sequence of events detailed above
is summarized in the flow chart in Figure 5.3. See Chapter 3 for additional

detail on this environment.

For our purposes, keeping the market institution constant across treatments
is essential. A multi-unit uniform price sealed bid-ask auction was chosen
because of the relatively quick trading time and high efficiency associated
with it. As stated in Chapter 3, since only marginal traders affect the market
clearing price, this institution provides transparent incentives for most traders
to reveal their true abatement cost. As discussed by Smith et al. (1982),
while traders have incentives to bid below values and ask above costs, traders
of infra-marginal units near the margin that determines price should fully
reveal costs and values to avoid being excluded from the market by extra-
marginal units. Therefore, misrepresentation is not expected to affect the

uniform market clearing price.

Given that the demand for output is assumed to be exogenous to the par-
ticipating firms, the output market offers a relatively simple strategic environ-

ment compared to the permit market. Simulation and pilot experiment results

9The inherent lag in credit creation mimics an important characteristic of many real
world baseline-and-credit style emission trading systems. In systems such as the OMOE
(2003) ERC plan, credits are not created until they have actually been realized and regulator
verified on a project-by-project basis.

100



PhD Thesis — Neil J. Buckley ——— McMaster University - Economics — 2004

Start of pi

Subjects begin this period
with last penod's capacity

Is the subject facing a

cap-and-trade scheme? Endow subject with allowances

Permmit market:
Gall auction trading allowances or credits

Subject chooses
an emission rate

Qutput market:
Call auction with simulated buyers

Is the subject facing a
baseline-and-credit scheme?

Subjects create credits if emission
rate was below the standard

Permits are redeemed.
Excess pemmits are banked

Figure 5.3: Sequence of Events in a Typical Period
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lead us to impose a straightforward output pricing rule in which minimal asks
are entered in the output market on behalf of all firms. Effectively, this forces
firms to sell the maximum amount of output possible, constrained by capacity

and permit holdings, at the market-bearing price.!°

The lag inherent to the baseline-and-credit mechanism in this framework
reveals a major operational difference between cap-and-trade and baseline-
and-credit systems. Only permits currently held in inventory can be sold in a
given period, creating a “production-to-demand” setting under cap-and-trade
and an “advance production” setting under baseline-and-credit. By choosing
lower emission rates, cap-and-trade firms can effectively increase their supply
of permits for sale in the current period. This increase in supply can be valued
at the marginal abatement cost of having to lower their emission rate in the
first place. In “production-to-demand” fashion, a firm can ask its marginal
abatement cost for its supply of permits and subsequently choose an emission
rate consistent with the amount sold. On the other hand, the permit market
for ERCs is akin to an advance production model because a firm that decreases
its emission rate below the performance standard in the current period will
not increase the amount of permits it can sell until next period, at which
point the cost of creating the permit supply is technically sunk. It remains to
be seen whether this lag will create behavioural differences in the laboratory,
even though the theoretical equilibrium discussed above is not affected. As
discussed in Chapter 3, this lag will create permit market volatility at the
beginning of each experiment if firms are not initially given credits in inventory
so that they can be sold in the first period. To eliminate this fabricated

disturbance, it was decided that baseline-and-credit firms with equilibrium

10This strategy is optimal if it is assumed that permits have no intrinsic value. While this
notion is debatable, it does not significantly affect our implementation, as aggregate output
in the short-run has been fixed such that output price will always be above equilibrium
permit value. A few pilots we ran without this imposed market action did not show any
significant difference in output market behaviour or outcomes.
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emission rates below the performance standard would start the first period of
the experiment with the number of credits that they produce in equilibrium.

Initial credit inventories are presented above in Table 5.2.

5.5 Experimental Predictions

Because the trading mechanisms, one absolute and one relative, will be
tested under identical firm and environment specifications, theory predicts no
difference in outcomes when capacity is fixed and emission rates are variable.
However, there are reasons to raise doubts around this prediction. Below is
a discussion of four reasons why cap-and-trade and baseline-and-credit out-
comes may differ in the short-run. Although the paragraphs below describe
why short-run firm behaviour under the schemes may diverge, there are of-
ten conflicting forces which render predicting the effects of these differences
problematic. One must keep in mind that inefficiency in this environment is
a dynamic phenomenon. A mistake made by one firm will impact the opti-
mal action that all other firms should take in the following decision period.
The beauty of incentive-based market solutions to emission control is that the

market price for permits provides information to guide future decisions.

The first reason why the mechanisms may produce short-run discrepancies
is that the relative permit trading framework of baseline-and-credit could eas-
ily be perceived as more complex than the absolute frame of the cap-and-trade
mechanism. Previous experimental work in the area of research and develop-
ment externalities has demonstrated significant behavioural differences caused
by subsidies that are framed in an “absolute” fashion when compared to those
framed in a “relative” manner, that were not suggested by theory alone (Buck-
ley, Mestelman, and Shehata 2003). On the other hand, the relative framing
of baseline-and-credit regulation might inadvertently lend more stability, than
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cap-and-trade regulation, to firms that make errors. For example, if a baseline-
and-credit firm mistakenly sells all of its permits, this does not preclude the
firm from choosing a relatively high emission rate equal to the performance
standard to sell output. A cap-and-trade firm with no permits, however, can-

not sell any output unless its emission rate is zero.

Secondly, this relative framing implies that firms hold fewer permits in
a baseline-and-credit plan. Fewer permits in baseline-and-credit trading mar-
kets could have important repercussions for out-of-equilibrium behaviour. The
relative framing may cause more instability under baseline-and-credit as less
permits make for thinner markets. When the same absolute number of per-
mits is accidentally traded or not traded, the emission trading schemes may
be affected differently. In addition, the smaller stock of permits may lead to
market power for low abatement cost firms which supply most of the permits

in this thin market.

An additional reason why one might expect a difference between the two
schemes hinges on the fact that the total supply of permits is fixed under cap-
and-trade but not under baseline-and-credit. In a cap-and-trade scheme, out-
of-equilibrium behaviour might temporarily decrease aggregate emissions but,
eventually, they can increase to make up for it due to the regulating authority
distributing a fixed number of permits each period. Permits endowed and
not used in one period can easily be banked for future use. However, in a
baseline-and-credit plan, the supply of permits is linked to output and each
firm’s chosen emission rate. If errors are made in choosing an appropriate
emission rate or in bidding and asking for permits (which constrains how much
pollution, and hence output, one can produce), potential credit supplies, and
thus emissions and output, could be lost forever. Therefore, in the short-run
when output capacity is fixed at its optimal value, lifetime credit supplies might
be affected due to the possibility for potential credits to never be realized in
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the first place. It is assumed that the optimal number of permits is distributed
under an appropriate cap-and-trade plan, implying that any decrease in the
variable permit supply under the comparable baseline-and-credit mechanism
will result in inefficiency. While this is the only possible associated short-run
inefficiency, in the long-run output deviations could raise output above the

optimal level and emissions could be inefficiently high.!*

Lastly, the lag in baseline-and-credit permit creation could cause the supply
of permits to lag behind demand in out-of-equilibrium play, creating a timing
difference between the two schemes. For instance, if a cap-and-trade firm
intends on choosing a very low emission rate in the current period, this will
allow it to sell more of its permits this period. Under baseline-and-credit,
however, the firm would have to wait until the following period to sell those
permits. While this feature may be specific to our baseline-and-credit scheme
implementation, as previously explained, it mirrors characteristics of many
real-world credit systems and is a requirement in our simple sequential decision
making environment (that does not contain any “forward” permit markets).!?
The quantity of emission reduction credits created cannot be computed until
after the credit market has cleared, an emission rate is chosen and output

quantity for the period has been determined.

5.6 Experimental Results

Although the primary objective of this paper is to compare basic cap-and-

trade emission trading with baseline-and-credit trading, whether behaviour

UDewees (2001) focuses on the long-run theoretical properties of alternative emission
trading institutions, stating that the crucial difference is that with cap-and-trade the total
allowed pollution for the industry does not vary with current economic activity, while with
ERC trading emissions may increase in proportion to industrial activity.

12As discussed in Chapter 3, many real world ERC plans are project-based in which
emission reductions must be realized and proven to exist on a project-by-project basis before
credits are actually granted.
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under either system falls within acceptable bounds of the predicted equilibrium
is also of importance. Accordingly, the following analysis of the experimen-
tal results focuses on mean per session values of the chief market indicators:
permit trading price and volume, output trading price and volume, aggregate
emissions, permit inventory and overall efficiency. The results section will
conclude with a look at the distribution of firm payoffs under the alternative

trading mechanisms.

5.6.1 A First Look

A natural question to ask when running an experiment involving an en-
vironment as complicated as this one is whether the subjects understood the
underlying incentives. In this short-run environment where subjects partic-
ipated in a permit market and chose an emission rate based on the results
of the permit market every period, examining the permit market behaviour
will provide a good indication of subject awareness. An obvious benchmark
to compare the bid-ask behaviour found in this experiment is the results from

a similar uniform price auction presented by Cason and Plott (1996).

One must keep in mind that the uniform price auctions investigated by
Cason and Plott (1996) occur in a solitary auction setting and not in a much
more complicated fully specified environment, as are the permit auctions pre-
sented here. The Cason and Plott environment is a static repeated game with
fixed cost and redemption values, not one where past permit market and emis-
sion rate decisions made by all subjects affect the underlying permit market
values possessed by each subject during the current period. In addition, the
subjects in the Cason and Plott are in fixed roles as either buyers or sellers,
while the environment presented in this chapter involves traders that will have
incentives to buy and sell, at different prices, in the current period, depending
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on permit inventory (which is affected by permit market and emission rate
decisions made by all subjects in past periods). The Cason and Plott auctions
are applicable, however, since they involve 4 buyers and 4 sellers, identical to
the equilibrium in our model involving 8 subjects. While the buyers and sellers
in Cason and Plott implicitly had a fixed output equal to 1 and an implicitly
defined emission rate with 5 possible values, the environment presented in this
chapter implements a fixed output equal to 4 with 10 possible emission rate

choices.

In their static uniform price auction sessions, Cason and Plott (1996) con-
clude that, over time, subjects tend to reveal their true costs and values,
especially for units near the margin that decides price. Figures 5.4 to 5.6
present results similar to those presented by Cason and Plott, showing actual
bids and asks against the underlying incentives, for periods 2 and 9, for each
of the 6 short-run sessions. In each graph contained in Figures 5.4 to 5.6, light
grey circles denote actual asks, dark grey squares denote actual bids and the
thin lines illustrate the underlying incentives. One must remember that, as
previously discussed, there is an incentive for subjects to misrepresent their
true values in a multi-unit uniform price bid-ask auction, although prices for
units around the margin that determines price are expected to fully reveal
underlying values. Looking at the six session graphs presented in Figures 5.4
to 5.6, one can ascertain that subject behaviour appears very rational: bids
and asks tend to reveal the true underlying values, especially those close to the
price margin, and this revelation gets more accurate over time. It appears as
if subjects facing baseline-and-credit make more evident bid-ask pricing errors
at the beginning of the experiment than subjects facing cap-and-trade. This
difference disappears over time, comparing the period 2 to 9 results for both
plans. It is remarkable how similar the results illustrated in Figures 5.4 to 5.6

are to those found in the simpler Cason and Plott environment. We acknowl-
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edge this as evidence that the subjects in our short-run experiment were not
overwhelmed by the complex environment and were acting in accordance to
the underlying incentives. We will not present a quantitative analysis of the
bid-ask behaviour from this experiment, as there is no reason to expect the

extra-marginal units to reveal the underlying values.

5.6.2 Permit Market, Output Market and Aggregate Emissions

The overall data analysis strategy employed in this section was decided
before running any sessions. Because of the dynamic nature of the experiment
whereby subjects’ decisions one period can directly affect the optimal deci-
sion a subject should take in the next period, each experimental session only
provides one truly independent observation. This implies that, with the six
session design used, we can only compute our statistical tests using six inde-
pendent observations. Due to data convergence typically found in laboratory
experiments with multiple periods, it was decided that, while figures would be
provided illustrating summary results from periods 1 to 10, all statistical tests
would be based on the mean market indicators over periods 1 to 9 and 6 to 9
separately.'® Emphasis will be placed on the results from analyses focusing on
the period 6 to period 9 time frame, to negate any learning effects or decision

errors made in the initial periods of the experiment.

Predicted equilibrium values of the main market indicators, based on the
theoretical model presented in Chapter 2, are provided with the experimen-

tally observed values in Table 5.4 and Table 5.5. Table 5.4 provides mean per

13Period ten is dropped from all analyses due to an end game effect introduced by the
experimental environment. Subject payoffs were calculated using firm cash holdings at the
end of the experiment. It was decided that subjects’ payoffs would not be influenced by
permit inventory held at the end of the experiment, as differences between any imposed
conversion value and the cost of creating or buying the permits in the first place may
ambiguously influence subject strategies earlier in the session.
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Table 5.4: Mean Values over Periods 1 to 9 by Treatment

Permit Market Output  Aggregate Permit
Price* Volume* Volume* Emissions Inventories

Cap-and-Trade:
Session 1 12.83 25.00 29.11 153.11 44.56
Session 2 12.78 28.77 30.56 155.33 74.78
Session 3 10.56 20.89 28.67 156.89 73.11
Treatment Mean 12.06 24.89 29.45 155.11 64.15
Baseline-and-Credit:
Session 4 19.05 20.67 30.67 151.33 30.67
Session 5 45.94 19.56 31.11 157.22 71.11
Session 6 30.11 17.78 32.00 159.11 56.44
Treatment Mean 31.70 19.34 31.26 155.89 52.74
Prediction: 16.00b  32.00cb 32.00c 160.00 0.00cb

*  Treatment effect is significant using an ANOVA test and a Mann-Whitney

U-test at a 10% critical level.

¢ The cap-and-trade treatment is significantly different from the prediction
using a t-test at the 5% level.

b The baseline-and-credit treatment is significantly different from the prediction
using a t-test at the 5% level.

period values by session evaluated over periods 1 through 9. Table 5.5 presents
these values based on periods 6 through 9 only, in an effort to account for mar-
ket convergence over time. The results from analysis of variance (ANOVA)
testing is also summarized in Tables 5.4 and 5.5. Since this chapter computes
tests by simply comparing summary statistics from the six cap-and-trade and
baseline-and-credit sessions, the ANOVA test is identical to a basic t-test on
the 6 observations. A non-parametric Mann-Whitney U-test was conducted
in parallel with each parametric ANOVA t-test. Due to small sample sizes
involved in testing, the exact distribution function of “U” was used (Menden-
hall, Reinmuth, and Beaver 1993). Our strategy is for each hypothesis to be
tested using the above parametric and nonparametric methods at the 5% and
10% level.
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Table 5.5: Mean Values over Periods 6 to 9 by Treatment

Permit Market Output  Aggregate Permit

Price* Volume Volume* Emissions Inventories
Cap-and-Trade:
Session 1 11.75 29.00 29.00 155.25 56.00
Session 2 6.88 20.50 30.25 178.00 60.25
Session 3 6.63 23.25 29.50 179.75 60.75
Treatment Mean 8.42 24.25 29.58 171.00 59.00
Baseline-and-Credit:
Session 4 22.00 18.75 32.00 161.00 34.00
Session 5 14.75 14.00 30.00 177.75 59.00
Session 6 20.00 18.50 32.00 176.00 51.00
Treatment Mean 18.92 17.08 31.33 171.58 48.00
Prediction: 16.00c  32.00cb 32.00c 160.00 0.00chb

*  Treatment effect is significant using an ANOVA test and a Mann-Whitney

U-test at a 10% critical level.

¢ The cap-and-trade treatment is significantly different from the prediction
using a t-test at the 5% level.

b The baseline-and-credit treatment is significantly different from the prediction
using a t-test at the 5% level.

Figure 5.7 illustrates the minimum, maximum and mean session permit
price under each emission trading mechanism. This indicates that the obser-
vation at the top edge of the shaded range represents the session with the
highest permit price in each period, the observation at the bottom edge of the
shaded range represents the session with the lowest permit price in each period
and the third and final session’s permit price will determine where the mean
permit price ‘bullet’ is placed within the shaded range. According to Tables
5.4 and 5.5 and Figure 5.7, the observed trading price for permits appears
to be higher under baseline-and-credit than with cap-and-trade. An ANOVA
analysis comparing the 6 independent mean trading price observations under
the two schemes rejects the null hypothesis of the means being equal across
emission trading treatments at the 10% level. Tables 5.4 and 5.5 highlight that
this significant result is consistent over the length of the experiment.
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In summary, the mean cap-and-trade permit price was $12.06 and the
mean baseline-and-credit permit price was $31.70 over the first 9 periods.
Table 5.5 provides evidence of price convergence as mean price levels were
$8.42 and $18.92, respectively, over periods 6 to 9. Overall, the permit price
observations under the baseline-and-credit treatment are significantly different
from the equilibrium prediction of $16 at the 5% level using a t-test. However,
when considering the last 4 relevant periods alone, only the cap-and-trade
prices are found to be significantly different from equilibrium. This large early
deviation from equilibrium prices under baseline-and-credit is consistent with
our earlier proposition that the more complicated framing of the credit scheme
might lead to greater deviations from equilibrium. The cap-and-trade permit
price converging to levels below the equilibrium prediction is an unexpected
result. Unto itself, a deviation in permit trading price from its equilibrium
value does not necessarily breed inefficiency, as it could simply result in a
redistribution of wealth if firms still choose appropriate emission rates and

trade the proper number of permits.

Figure 5.8 illustrates frequent shortfalls in permit trading volumes from
equilibrium predictions. Evidence from Tables 5.4 and 5.5 supports the no-
tion that both permit trading programs result in permit trading volumes that
are significantly below the predicted equilibrium rate. The per period graph-
ical analysis demonstrates trading volumes of approximately 24 units for the
capped scheme and under 20 units for the credit scheme, volumes that are
significantly below their prediction of 32 units. A formal ANOVA test on all
mean session trading volumes proves that the deviation from the equilibrium
is, using a t-test, significant at the 5% level for both schemes. The evidence
regarding a possible treatment effect is less clear. Although the volumes in
Figure 5.8 appear to be similar across treatments, Tables 5.4 and 5.5 show

the three mean session volumes to be significantly higher under cap-and-trade
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than baseline-and-credit. Setting the question of a treatment effect aside, the
significantly lower trading volumes indicate that not all gains from trade are
being realized and must cause, or be caused by, inefficiently chosen emission
rates or output levels. Low trading volumes and higher trading prices of credits
over allowances could be caused by the thin market for credits created by the
nature of the relative framing of the baseline-and-credit trading institution, as

discussed in Section 5.5.

Given that, in this environment, the demand side of the output market is
represented by an exogenous demand curve, output price and volume will be
perfectly correlated as per the formula P(Q) = 320 — 5@). Due to the straight
line demand function that was implemented for output, one need only focus
on output trading volume to investigate the output market as a whole. One
must remember that the experimental environment is a short-run setting in
which each of the 8 firms can only produce and sell a maximum capacity of 4
units of output. Figure 5.9 confirms the results from the ANOVA statistical
tests reported in Tables 5.4 and 5.5. Whether one focuses on periods 1 to 9 or
only on periods 6 to 9, only the cap-and-trade treatment displays significantly
different (lower) output volumes from the equilibrium prediction (according to
t-tests at the 5% level), and there is a significant treatment effect over period 1
to 9 (ANOVA and Mann-Whitney U-test is significant at the 10% level). This
result is consistent with the prediction that, if firms commit permit trading
errors, firms under baseline-and-credit are able to choose emission rates at or
below the performance standard of five in order for the errors to not affect
output; remember firms can ensure that they will not be required to deliver
any permits to the regulator by choosing emission rates below the performance
standard. Cap-and-trade regulation requires that all firms with emission rates
above zero must deliver a positive quantity of permits. This difference in
regulation allows firms that made permit trading errors to produce output at
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full capacity with lower cost consequences under a baseline-and-credit system
compared to a cap-and-trade plan. This output shortfall in the cap-and-trade
case implies significant profit and consumer surplus loss that will emerge in
our calculation of overall efficiency. Of course, if baseline-and-credit firms tend
to make more permit trading errors, they might experience a greater efficiency

loss than firms in the cap-and-trade case.

The above evidence yields weak support that the two emission trading
mechanisms are different. Since the difference is most pronounced over the
first few periods of each session, this is most likely a consequence of the more
complicated relative framework of the baseline-and-credit institution. How-
ever, the evidence regarding aggregate emissions demonstrates strong support
for the theory. Figure 5.10 highlights an almost identical upward trend of ag-
gregate emissions under cap-and-trade and baseline-and-credit trading. Tables
5.4 and 5.5 cite mean cap-and-trade emission levels at 155 and 171 over periods
1 to 9 and 6 to 9, respectively, and comparable baseline-and-credit emission
levels at 156 and 172, respectively. The mean aggregate per period emission
levels under cap-and-trade and baseline-and-credit are not significantly differ-
ent from each other, or from the equilibrium prediction of 160, at a 10% level.
As stated in Propositions 1 and 2, there is no difference in short-run aggre-
gate emission levels in industries under cap-and-trade or baseline-and-credit

regulation, nor are these levels different from the optimal levels.

One might note that, although not statistically different from 160, average
emissions are lower than 160 under both plans. Figure 5.10 illustrates that,
during the first half of the experiment, emission rates are far below 160 and,
over the second half, are above 160. The only explanation for this trend is
that permits are being banked in the first half of the experiment and carried
in inventory to be redeemed later to contribute towards producing emissions
and output. Is the initial under-polluting and inventory build-up due to in-

119



2004

McMaster University - Economics

Neil J. Buckley

PhD Thesis

SUOISSIW 9)R39ISFY ()]G 9IN3Iq

wsileydap Auipes | uaissiuig Aq sydeldq)

SUCISSIWT slebalbfiy Ul SU0ISSILT elebalbby xepiuiy [

poLad
g L ol G |

Ipalo-pue-aulaseyg apel | pue-den

ool

08l 08l OFl
L b) suoissiug slebalbby

0ze

(5U010G]

120



PhD Thesis — Neil J. Buckley ——— McMaster University - Economics — 2004

experience or strategy (e.g. risk aversion)? To help shed light on the issue,
we shall examine permit inventories period by period. Figure 5.11 displays
the aggregate inventory held at the end of each period. The diagram shows
how inventories are built up over the first half of the experiment, only to be
expended in the second half. Tables 5.4 and 5.5 provide statistical support
that there is no significant difference in these inventories under the two mech-
anisms, but that in both cases inventories are significantly above the predicted

rate of zero.

The definition of inventory used when comparing cap-and-trade and baseline-
and-credit outcomes excludes credits created at the end of a period when defin-
ing the current period’s inventory. For example, credits created at the end of
period 5 are defined as entering inventory at the beginning of period 6. This
definition of permit inventory allows for a consistent expectation of zero permit
holdings in both cap-and-trade and baseline-and-credit. Risk neutral, profit
maximizing agents are predicted not to carry any inventory from period to
period. Risk averse agents have no incentive to carry permit inventories past
period 10, as subject payoffs are solely determined by firm cash holdings at
the end of the last period. Notice that even though there is no reason to keep
an inventory at the end of the experiment, Figure 5.11 illustrates that subject
inventories are still irrationally above zero at the end of the final period. It
is impossible to assess the reason for the apparent irrationality of carrying
inventory by looking at the data alone. Subjects may bank permits due to
misunderstanding the environment or by making permit trading and emission
rate choice errors during the session. Of course, this behaviour may also be
the result of legitimate preferences: subjects might hold inventories in efforts
of risk aversion or for speculative trading. If inventories were brought about
by general decision error, one might think that the more cognitively difficult
baseline-and-credit scheme would exhibit higher inventories and the fact that
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it actually does not (as evidenced by Figure 5.11) would support a “prefer-
ence” explanation. However, one must also remember that the relative frame
of the baseline-and-credit scheme creates thin permit markets with potentially
lower permit supplies than under cap-and-trade (as described in Section 5.5).
These potentially lower permit supplies, evidenced by the low credit trading
volumes in Figure 5.8, would influence permit inventories to be lower under

baseline-and-credit regulation compared to a cap-and-trade scheme.!

While the exact cause of the high inventory may be indeterminate in the
current experimental design, breaking down the inventory by firm type may
shed light on the matter. If only a few subjects dominate the inventory results,
or if a specific firm type accounts for the majority of the inventory holdings,
this might provide meaningful information. Figures 5.12 and 5.13 illustrate
mean inventory holdings by firm type over the three cap-and-trade sessions

and over the three baseline-and-credit sessions.

It must be pointed out that the values underlying the results averaged
over the three sessions per treatment are indicative of the separate session
results in that all 6 sessions involved most of the 8 subjects carrying nontrivial
quantities of inventories; in other words, permit inventories were not driven
by a few outliers. When looking at the two inventory breakdown figures, it is
natural to question whether some firm types dominate the inventory holdings.
To answer this, we calculated the percentage of total inventory carried by
type A and B firms averaged over periods 1 to 9 in each session. Similar
to our other statistics reported in this section, the aforementioned inventory

percentage provides us with 6 truly independent observations. Type A and B

1Having the experiment end after a random number of periods could have possibly been
used as a strategy to eliminate some of the previously mentioned causes of inventory build-
up. A random end game rule was not imposed in our design as we believe that, after the
extensive training the subjects were given in this environment, we could not afford to lose
even a single period of decision making data.
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10

Mote: Darker colours represent inventaries by firm types with lower marginal abatement costs
Figure 5.12: Cap-and-Trade Mean Inventories at End of Each Period
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firms are predicted to be the sellers of permits in the short-run equilibrium and
are represented by the darkest segments in Figures 5.12 and 5.13. The mean
percentage of inventory held by type A and B cap-and-trade firms is 71.4%
(3 observations), while the corresponding mean for baseline-and-credit firms is
63.9% (3 observations). Using this statistic, type A and B firms do not carry a
significantly different proportion of total inventory under cap-and-trade than
they do under baseline-and-credit (ANOVA, 6 observations, p-value>0.10).
Only the cap-and-trade percentage of 71.4% is significantly different from 50%
using a two-tailed t-test at a 10% level of significance, while all six observations
pooled over both plans are significantly different from 50%, using a two-tailed
t-test at a 5% level of significance. Type A and B firms might carry relatively
more inventory because they have the lowest marginal abatement costs and so
are predicted to be sellers in equilibrium. If subjects misrepresent their true
costs in the uniform price permit market by bidding below their values and
asking above their costs, this could lead buyers (type C and D) to purchase
fewer permits, lowering their inventories, and lead sellers (type A and B) to

sell fewer permits, keeping their inventories high.

5.6.3 Efficiency: Gains from Trade

The typical measure of market efficiency is not appropriate for this fully
specified experimental environment involving a consumer output market and
environmental damages in addition to the emission permit market. It is im-
portant the efficiency measure used be based on the realized consumer surplus,

producer surplus and environmental damages. These three components con-
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stitute the social planner’s total surplus function maximized in the optimal

equilibrium. We therefore define total social surplus, S, as

S = Total Social Surplus = Consumer Surplus + Producer Surplus (5.2)
5.2

+ Environmental Surplus

where the environmental surplus in our model is negative since it is solely the
result of environmental damages from emissions. In the emission permit trad-
ing regulatory framework, it is natural to frame a mechanism’s efficiency as the
actual (realized) gains from trade expressed as a percentage of the potential
gains from trade. To measure “gains from trade”, a surplus is computed rela-
tive to the benchmark surplus inherent to the command and control outcome
in which the optimal mechanism is imposed but permit trading is prohibited.
Thus, command and control output and emissions will be optimal, but this
will not be achieved at minimum cost in the industry. Therefore, actual gains
from trade are calculated as the difference between actual total surplus and
command and control total surplus, while potential gains from trade are equal
to the difference between the optimal total surplus (given by the social plan-
ner’s equilibrium) and the command and control equilibrium. This results in

the efficiency measure given by

Sactual _ Scommand/control

Efficiency = (5.3)

Soptimal _ Scommand/control

where S is defined in equation 5.2. The environmental damage function is
assumed to be weakly convex in our assumptions stated in Chapter 2. The
statistics on efficiency reported in this section assume that environmental dam-
ages are expressed by a straight line, with marginal damage being flat and
equal to the optimal marginal damage in the environment which is equal to

16. Although not reported here, a sensitivity analysis was conducted assuming
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Table 5.6: Decomposition of Mean Efficiency over Periods 1 to 9

Components of Efficiency

Consumer  Producer Environmental
Efficiency  Surplus®  Surplus** Surplus
= + + +

Cap-and-Trade:
Session 1 73.38% -43.32% 105.80% 10.91%
Session 2 63.18% -22.13% 77.92% 7.39%
Session 3 61.14% -49.48% 105.69% 4.93%
Treatment Mean 65.90% -38.31% 96.47% 7.74%
Baseline-and-Credit:
Session 4 62.89% -19.90% 69.06% 13.72%
Session 5 46.95% -12.70% 55.26% 4.40%
Session 6 45.39% 0.00% 43.99% 1.41%
Treatment Mean 51.74% -10.87% 56.10% 6.51%

* Treatment effect is significant using an ANOVA test at a 10% critical level
and a Mann-Whitney U-test at a 5% level.

** Treatment effect is significant using an ANOVA test and a Mann-Whitney
U-test at a 5% critical level.

a highly convex damage function in which increasing emissions by 50% above
the optimal level corresponds to 3 times the environmental damages. The
values presented in the analysis below changed very little under this extreme

assumption and none of the qualitative conclusions were affected.

Figure 5.14 illustrates minimum, maximum and mean session efficiencies
over periods 1 to 10, based on gains from trade as discussed above, for all three
sessions under both emission trading schemes. The graphs show remarkably
similar efficiencies under both trading mechanisms. While the percentage of
realized gains from trade compared to the potential gains from trade is below
100%, one must realize that this formulation of efficiency provides a much
tougher benchmark (because it is based on deviations from the command and
control outcome) than traditional efficiency measures simply calculated by

actual surplus divided by optimal surplus.
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Table 5.7: Decomposition of Mean Efficiency over Periods 6 to 9

Components of Efficiency

Consumer Producer Environmental
Efficiency  Surplus* Surplus Surplus
. - - -

Cap-and-Trade:
Session 1 68.55% -45.03% 106.06% 7.52%
Session 2 56.56% -26.53% 111.60% -28.50%
Session 3 43.82% -37.73% 112.82% -31.27%
Treatment Mean 56.31% -36.43% 110.16% -17.42%
Baseline-and-Credit:
Session 4 77.61% 0.00% 79.19% -1.58%
Session 5 55.29% -28.58% 111.98% -28.11%
Session 6 45.50% 0.00% 70.84% -25.33%
Treatment Mean 59.47% -9.53% 87.33% -18.34%

* Treatment effect is significant using an ANOVA test at a 10% critical level.

Tables 5.6 and 5.7 present the quantitative results behind Figure 5.14, av-
eraged over periods 1 to 9 and 6 to 9, respectively. In addition, the mean
efficiency percentage for each session is decomposed into its primary compo-
nents according to surplus type. This allows one to verify the driving forces
behind the realized gains from trade compared to the potential gains from
trade, using the command and control outcome as a benchmark. All three
component surplus percentages sum to the overall efficiency of each session.

For example, the consumer surplus component is defined as

Csactual _ CScommand/control
(5.4)

Consumer Surplus Component = Soptimal — Geommand]eonirol

where CS denotes the level of consumer surplus. Again, the environmental
surplus will be negative if environmental damages are positive. For instance,
Table 5.6 contains positive environmental surplus components for all sessions.
This is indicative of emission levels below those in the command and control
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outcome, rendering actual environmental damages lower than under command
and control. This result is supported by the evidence from Figures 5.10 and
5.11 which illustrate inventories being carried forcing aggregate emission to be

below the equilibrium prediction.

Also, notice that the consumer surplus components are never positive val-
ues because output, and hence consumer surplus, can never exceed the fixed
output capacity in this short-run environment. To provide an example of how
to interpret values in Tables 5.6 and 5.7, an explanation of the first line in Table
5.6 will be provided. The first line states that the mean efficiency in periods 1
to 9 in cap-and-trade session 1 was 73.38%, meaning 73.38% of the potential
gains from trading emission permits was actually realized. 43.32 percentage
points of this efficiency were lost due to actual consumer surplus falling below
the benchmark, while 105.8 and 10.91 percentage points were due to gains in
actual producer and environmental surplus above the command and control

benchmark values, respectively.

Statistical testing implies that there is no treatment effect on overall effi-
ciency. While the mean cap-and-trade producer surplus is much higher than
under baseline-and-credit over the last four periods (110% compared to 87%),
this difference is not significant at the 10% level using ANOVA or Mann-
Whitney tests. There is, however, a long lasting treatment effect causing the
consumer surplus component to differ between the cap-and-trade and baseline-
and-credit sessions. Table 5.7 provides support that, over the last 4 periods,
consumer surplus is the only component to significantly differ between the two
plans, but this result is supported by an ANOVA test at the 10% level only
(the corresponding nonparametric Mann-Whitney test p-value is above 10%).
Over periods 6 to 9, efficiency levels under both schemes are close to 60% of
the potential gains from trade, using the command and control outcome as
a benchmark. That both schemes should produce such similar efficiencies is
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surprising, considering the permit and output market discrepancies noted in
the above paragraphs; however, it is not surprising given our basic theoretical
prediction that both schemes should produce identically optimal results in the

short-run.

5.6.4 Payoff Distribution

Proposition 3 predicts that aggregate, and hence mean, profits will be
identical under both emission trading mechanisms in the short-run. While we
are interested in testing this proposition using the laboratory results, we are
also interested in investigating any distributional effects in payoffs. Although
the distribution of payoffs was not a focus of the theory presented in Chapter
2, since output is fixed to be equal across all firms and firms receive equal
shares of the aggregate permit endowment under cap-and-trade, the short-run
equilibrium profits per firm discussed in Chapter 2 will be identical in the
two treatments under the current environmental parameters. According to
the short-run equilibrium parameters and predictions summarized in Section
5.4, each cap-and-trade firm is predicted to earn P.A; = D'(E*)E*/N = 16 -
160/8 = 320 and each baseline-and-credit firm is predicted to earn ¢;Pr® =
¢ D' (E*)E*/Q* =4-16 - 160/32 = 320, per period.

Figure 5.15 presents the payoff distribution amongst all subject firms by
treatment, aggregating all eight firms in each of all three sessions within each
treatment.'® The left hand side panel of Figure 5.15 displays evidence that
payoffs over the entire 10 periods are distributed very differently under the two
treatments, while the right hand side panel shows that payoffs over periods 4 to

10 have a similar distribution in both treatments. Although in the first three

15 A fitted kernel density is displayed with each corresponding histogram to give the reader
an idea of the underlying continuous distribution. The kernel density was estimated using
the default settings of the kdensity command in STATA release 8.0 (StataCorp 2003).
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Table 5.8: Mean and Coefficient of Variation (C.0.V.) of Subject Payoffs by
Session

Payoffs over:

Periods 1 to 3 Periods 4 to 10 Periods 1 to 10
Mean C.O.V.** Mean* C.O.V. Mean* C.O0.V.**

Cap-and-Trade:
Session 1 970.78 15.78 2327.12  21.91 3297.89 18.79
Session 2 782.98 33.39 2210.90  28.58 2993.87 18.54
Session 3 912.10 28.58 2410.85  16.32 3322.95 16.82
Treatment Mean 888.62 25.92 2316.29  22.27 3204.91 18.05
Baseline-and-Credit:
Session 4 840.29 40.74 2027.41  21.24 2867.70 25.03
Session 5 458.36 527.99 2199.27  26.29 2657.64 109.93
Session 6 580.07 80.02 1959.23  41.51 2539.30 41.89
Treatment Mean 626.24 216.25 2061.97  29.68 2688.21 58.95

* Treatment effect is significant using an ANOVA test and a Mann-Whitney

U-test at a 5% critical level.
** Treatment effect is significant using a Mann-Whitney U-test at a 5% critical level.

periods payoff variance is certainly higher under baseline-and-credit regulation,
and this causes it to dominate the entire 10 period session, the treatment means

of the payoff distributions do not seem to be different from each other.

Table 5.8 provides details on the distribution of payoffs from a different per-
spective: the mean and coefficient of variation of payoffs by session and treat-
ment.'® This provides one truly independent observation per session so that
formal statistical significance tests can be conducted. Mean session payoffs
are found to be significantly higher under cap-and-trade than under baseline-
and-credit at a 5% level over periods 1 to 10 and 4 to 10 using ANOVA and
Mann-Whitney tests. This difference is important to document, as it provides

evidence that mean payoff levels are converging to higher values under cap-

16The coefficient of variation is the standard deviation of payoffs to individuals in a
session divided by the mean payoff to these individuals multiplied by 100. This provides
a normalized measure of the distribution of payoffs in each treatment as it expresses the
magnitude of variance relative to the payoffs themselves and therefore allows comparison of
the income distribution across the different treatments.
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and-trade compared to baseline-and-credit, contradicting Proposition 3 based
on the theory in Chapter 2. Over periods 4 to 10, cap-and-trade mean payofts

are 12% higher than those under baseline-and-credit.

When observing the coefficient of variation of payoffs by session, only the
non-parametric Mann-Whitney U-test supports the contention that the distri-
bution of payoffs is less equitable under a baseline-and-credit regime (and it
is significant at a 5% level). This is true over periods 1 to 3 and 1 to 10 but
not for the end of the experiment alone. This confirms the evidence in Figure
5.15, suggesting that differences in the variance of payoffs between the two
trading mechanisms will disappear over time. Although firm type breakdowns
are not shown in Figure 5.15 or Table 5.8, statistical tests found no significant
difference in payoffs according to firm types within each trading plan or across

trading plans.!”

5.6.5 Pilot Results

We conclude our short-run analysis by comparing the inventory results from
Figure 5.11, discussed above, to the inventory results from the second and third
pilot sessions, in hopes to find evidence supporting or refuting Propositions 4
and 5 put forth in Section 5.3. The two changes instituted between the pilot
and regular short-run sessions have confounding effects, due to the interrelated

nature of the permit and output markets. Our propositions, however, outline

I"Even if mean payoffs were not found to be significantly higher under cap-and-trade than
baseline-and-credit, it would still be possible that the payoff distribution by firm type could
be significantly different between the two schemes. To formally test this hypothesis, the
percentage of total payoff accrued to each firm type was calculated by session. Since each
firm, regardless of firm type, is predicted to earn an identical payoff under both trading
schemes in the short-run equilibrium, theory predicts the percentage of total payoff accrued
to each firm type within a session to be 25% regardless of which of the two emission trading
mechanisms is used. This resulted in six independent observations for each firm type.
These firm type total payoff percentages were not found to be significantly different from
25% within each trading mechanism, nor were they significantly different from each other
across trading mechanism (t-tests, 6 observations each, all p-values>0.10)

135



PhD Thesis — Neil J. Buckley ——— McMaster University - Economics — 2004

specific predictions concerning permit inventory carryover under cap-and-trade
and baseline-and-credit emission trading. Testing these propositions requires
that inventories from the pilot session from each trading scheme be compared
to those from the three sessions conducted under the corresponding scheme.
Since relevant significance tests would only involve 4 independent observa-
tions each, no meaningful significance testing can be conducted. Figure 5.16
illustrates the aggregate inventory holdings at the end of each period. The
figure plots the cap-and-trade and baseline-and-credit inventory from each pi-
lot session before the treatment changes were made along with the minimum,
maximum and mean permit inventory of the three sessions under each emis-
sion trading plan after the treatment changes were made. While Figure 5.16
presents permit inventories for each period, Table 5.9 provides mean per period

aggregate inventory by session.

The left hand panel of Figure 5.16 illustrates how cap-and-trade permit
inventories possess a “hill” shape over the duration of the experiment. The
pilot inventories seem to follow a pattern similar to, but well above, the three
regular session inventories after period 4. While the effects of the accounting
warning and output decision change cannot be disentangled in the cap-and-
trade case, the diagrammatic results do support the predicted treatment effect
of lower permit inventories as stated in Proposition 4. Table 5.9 also provides
evidence substantiating Proposition 4 if one focuses on the values the mean
inventories are converging to: the mean inventory values over periods 6 to 10.
When comparing the three cap-and-trade session inventory values of 55.4, 52.4
and 51.4 to the matching pilot inventory value of 80.6, one can acknowledge
that all three session inventories are converging to values well below the value

of the pilot with a difference in means of 27.5 permits in inventory.

The right hand panel of Figure 5.16 presents results on permit inventories
held under baseline-and-credit regulation. While permit inventories possess a
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Table 5.9: Mean per Period Aggregate Permit Inventories by Session

Mean per Period Aggregate Permit
Inventory over Periods. ..

1tob 6 to 10

Cap-and-Trade:

Session 1 35.4 55.4
Session 2 86.4 52.4
Session 3 83.0 51.4
C&T Mean 68.3 53.1
C&T Pilot 75.8 R0.6
Baseline-and-Credit:

Session 4 28.0 33.2
Session 5 80.8 48.2
Session 6 60.8 424
B&C Mean 56.5 41.3
B&C Pilot 41.8 76.0

Note: B&C is Baseline-and-Credit and C&T is Cap-and-Trade.

familiar “hill” shape in the three treatment sessions with the accounting warn-
ing and the forced output decision, the pilot session without these changes
displays quite a different pattern. Unlike the cap-and-trade pilot, which dis-
played a build-up of inventory which was worked off, to some extent, over the
second half of the experiment, the baseline-and-credit pilot provides evidence
of increased permit inventories over the entire duration of the experiment.
This difference in the baseline-and-credit pilot inventories is consistent with a
treatment effect dominated by the accounting misrepresentation as stated in
Proposition 5. Figure 5.16 highlights how the last four periods of baseline-
and-credit pilot inventories are higher than the corresponding inventories of
the three non-pilot sessions. This trend is consistent with the hypothesis that
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the emission right accounting is misleading in that permits added to inventory

are not reflected by the income statement even though cash holdings decrease.

Table 5.9 confirms these results as it indicates how mean inventories un-
der baseline-and-credit sessions converge to values of 33.2, 48.2 and 42.4 over
periods 6 to 10. All three session mean inventory levels are well below the
corresponding mean inventory level of 76 under the pilot. The difference in
means is 34.7 permits in inventory. Despite the limited observations we have,
the misleading accounting appears to be a potential problem. As mentioned,
formal statistical analysis of the two propositions is difficult due to small sam-
ple sizes. As one can note from Table 5.9, mean session inventories from the
three non-pilot sessions under each trading scheme are all lower than their as-
sociated pilot inventories, over periods 6 to 10. An ANOVA regression based
on the eight observations in this column, aggregating over both trading plans,
provides evidence of a significant difference between the pilot and non-pilot

inventories over periods 6 to 10 (p-value<0.01).

5.7 Discussion and Conclusions

The potential cost savings from an emission trading program stems from
firms with different marginal abatement costs reallocating effort between abat-
ing and buying permits, until the marginal abatement costs are equalized and
total abatement costs are minimized in the regulated industry. On their own,
neither a cap-and-trade nor a baseline-and-credit emission trading scheme will
decrease emissions. The regulator must continually set lower and lower caps
(under cap-and-trade) or set stricter and stricter performance standards (un-
der baseline-and-credit) to achieve aggregate emission reduction goals over
time. The question remained, however, whether the theoretical predictions
regarding the two mechanisms would hold in real markets.
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Theory predicts identical short-run outcomes between an appropriate cap-
and-trade plan and a baseline-and-credit plan when the latter imposes a per-
formance standard consistent with the cap under the former plan. Theory pre-
dicts that emissions will be greater under baseline-and-credit in the long-run
because a performance standard acts like a subsidy on output. This chapter

reports results on controlled laboratory sessions in a short-run environment.

Despite the host of reasons cited in Section 5.5 as to why the theoretical
predictions may not be realized, our experimental results suggest otherwise.
Although we have observed statistically significant differences in prices and
volumes of permits and output under the two schemes, we have also found
evidence that aggregate emission levels and overall system efficiency are not
statistically different. Using graphical and tabular data, we cannot reject the
hypothesis that aggregate emission levels under cap-and-trade and baseline-
and-credit are identical and we cannot reject the hypothesis that either scheme
is different from the theoretically optimal equilibrium prediction. While mar-
ket efficiency levels are very high, both schemes achieve almost 60% of the
potential gains from trade, using the command and control levels of consumer
surplus, producer surplus and environmental damage as a benchmark. Despite
differences in permit trading prices and permit and output volume levels, the
fact that overall system efficiency and aggregate emission levels are not sig-
nificantly different between the two schemes suggests that cap-and-trade and
baseline-and-credit will perform equally well as emission control programs in
the short-run. This supports the two propositions we first introduced in Sec-

tion 5.2.

One caveat, however, is that it appears that mean payoffs may be higher un-
der cap-and-trade regulation. Proposition 3 encapsulates the theory presented
in Chapter 2 predicting that mean and aggregate profit levels under the two
schemes should be identical in the short-run. We found that this significant
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difference strengthened over time and resulted in cap-and-trade payoffs lev-
els 12% above those under baseline-and-credit. The coefficient of variation of
payoffs were found to be significantly greater under baseline-and-credit trading
over the first three periods. Since this inequity was found to disappear over
the length of an experimental session, most likely caused by decision errors
while learning the more complex mechanism, it seems reasonable to expect
this to be a problem only for a short period of time once a baseline-and-credit
plan is implemented. It is possible, however, that frequent shifts in the mar-
ket environment (such as variations in the performance standard or in the
demand for output) may lead to payoff inequities over a longer period of time
under a baseline-and-credit plan. We leave for future experiments the task of
disentangling the confounding factors in order to truly test whether baseline-
and-credit inequities can be a long-run phenomenon in a constantly changing

marketplace.

Permit inventories were an essential focus of our short-run analysis. Our
initial interest was simply investigating whether subjects carried inventories
at all, and if they did, whether they worked them off over the length of the
experiment as predicted. Results show that while a great deal of inventories
were being carried under both trading plans, these inventories were generally
worked off over the last few periods of the experiment. Our analysis indicates
a significant firm type effect under cap-and-trade, whereby the firms with the
lowest marginal abatement costs tended to carry more than their share of the
inventories, a result not surprising considering that permits are not as directly

valuable to these types of firms.

Our analysis of permit inventories also allowed us to test for differences
in an accounting treatment based on how specific emission permit accounting
rules misrepresent profits and losses and thus may affect inventory behaviour.
Early short-run pilot sessions using an accounting method similar to the one
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being implemented by the IFRIC of the International Accounting Standards
Board suggested that mismatching entries between income statement and bal-
ance sheet accounts could potentially cause irrational behaviour leading to
accumulated permit inventories. Compared to the six regular sessions which
warned subjects of the accounting misrepresentation and implemented a forced
output market decision, inventories under the pilots were noticeably higher. In
the baseline-and-credit treatment, the forced output decision was not predicted
to affect permit inventories and so higher pilot inventory outcomes under this
trading scheme can be attributed to the lack of the accounting-related warning.
This leads us to conclude that the mismatching of accounting entries inherent
to the JASB/IFRIC method could lead to irrational inventory accumulation
and potential losses faced by real-world firms using the method. While our re-
sults suggest that inventories and associated losses may be lowered by warning
firms of the potential problem, we do not find that warning them eliminates

irrational inventory holdings entirely.

With a theoretical framework and corresponding experimental environ-
ment having been designed and tested in the short-run, future work can now
assess the long-run theoretical prediction of higher output and emissions un-
der baseline-and-credit trading. Knowledge on the short-run outcome of the
two alternative trading mechanisms can provide a basis for analyzing long-run

behaviour under cap-and-trade and baseline-and-credit trading programs.

142



PhD Thesis — Neil J. Buckley ——— McMaster University - Economics — 2004

Chapter 6

Conclusion

Primarily, this dissertation presents results from the first ever experimental
economic analysis comparing the two most commonly proposed emission trad-
ing policy instruments: cap-and-trade and rate-based baseline-and-credit emis-
sion permit trading. This study speaks not only to the interests of economists,
but also to those of policy makers due to the implications of the theoretical

and laboratory results.

Although countries around the world are using cap-and-trade and baseline-
and-credit emission trading instruments in an effort to reach greenhouse gas
targets in a cost-effective manner, most research has focused only on cap-and-
trade emission permit trading. Cap-and-trade systems are based on a fixed
pollution cap, while baseline-and-credit systems operate on a more complicated
relative framework employing a regulated emission technology performance
standard. While economic theory predicts that long-run output and emissions
will be higher under baseline-and-credit trading when the performance stan-
dard is set equal to the optimal average emission rate, no economic laboratory
work has been conducted on baseline-and-credit style regulation. This disser-
tation presents the first economic experiments comparing baseline-and-credit
to cap-and-trade regulation. First, a summary of the lessons learned through

this research will be provided and a discussion of future work will follow.
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6.1 Summary and Conclusions

The first chapter of this dissertation provides historical background and a
literature review on the two alternative emission trading programs. Relevant
details of previous cap-and-trade laboratory work are provided as a basis of
comparison for the development of a new laboratory environment presented
in Chapters 2 and 3. The influence of emission permit accounting standards,

a topic often overlooked by laboratory studies, is also introduced.

Chapter 2 presents a formal theoretical model with long- and short-run
theoretical predictions. While baseline-and-credit is shown to be inefficient in
the long-run, its short-run equivalence to the optimal cap-and-trade outcome
is also discussed. In addition to deriving the short- and long-run predictions,
the chapter also derives the prediction that aggregate profits under both plans
are identical in the short-run equilibrium when output is fixed at the optimal

level.

Chapter 3 describes the creation of an experimental environment rich enough
to test the theoretical predictions stated in Chapter 2. Previously published
cap-and-trade experiments assume constant output or implicitly determined
emission rates. The environment created for this project lets us consider an
explicitly chosen emission rate and output capacity for each firm. Details are
provided on how the simultaneous decision model of Chapter 2 has been im-
plemented as a sequential decision, multi-period, laboratory environment. The
chapter discusses many of the problems we experienced with different sequen-
tial choice algorithms, many of which produced results conflicting with those
from the simultaneous choice model. The created environment incorporates
both a final output market and a permit market which are linked by a de-
tailed double-entry accounting system. The software created for this project

is robust in that it can be quickly adapted to study many facets of emission
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permit trading above and beyond those studied in this dissertation. The un-
derlying accounting framework invented for our emission trading software not
only allows for a host of accounting treatments to be tested, but also provides
the means to easily implement potential modifications to the emission trad-
ing schemes for further study. Lastly, the emission trading user interface has
been programmed using language and terminology from the emission trading
context. This allows it to not only be used for research, but also as a teaching
tool for students and policy makers interested in the operation and dynamics

of alternative emission trading plans.

Chapter 4 presents results from robot simulations that are used to test the
experimental software and to provide insight into myopic profit maximizing
firm behaviour in a long-run setting. Simulations involving robots making
various degrees of pricing errors are also presented. Results from the simu-
lations support the long-run prediction of higher output and emissions under
baseline-and-credit regulation. Results also suggest that the small range of
emission technology choices might be the cause of permit and output market
volatility in the decision error treatments, implying that the range of choices
should be expanded before conducting experiments with human subjects. It is
also clear from the simulations that the lag inherent to credit creation implies
that baseline-and-credit firms would have no permits to sell in the first period
unless they were explicitly endowed with them. Since our baseline-and-credit
simulations do not involve such endowments, credit market price volatilities
are experienced over the first few periods. Based on the simulations presented
in Chapter 4, it was decided that the emission rate scale would be enlarged to
10 possible values, and that baseline-and-credit firms would begin the experi-

ment with their equilibrium quantity of credit inventory.

Chapter 5 describes and presents results from the first baseline-and-credit

experiment run with human subjects. Due to the complex nature of the labo-
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ratory environment, it was decided to first investigate the alternative emission
trading plans under a short-run setting, where the predicted outcomes are iden-
tical between the two plans. Gaining evidence on the short-run outcomes of the
two mechanisms provides a basis for future long-run analysis, as any basic me-
chanical differences between the two institutions can be determined. Results
from the short-run experiment provide evidence of higher mean payoffs under
cap-and-trade. Also, permit prices are found to be above the predicted price
under baseline-and-credit over the first half of the experiment, and below the
predicted price under cap-and-trade over the second half of the experiment.
However, important characteristics, such as emissions and overall efficiency,
are identical under the plans and are not significantly different from the pre-
dicted equilibrium values. The fact that short-run emissions under the two
trading schemes are produced as predicted, indirectly lends confidence to the
long-run theoretical prediction of higher output and emissions under baseline-
and-credit. The results from the short-run investigation will be important to
keep in mind when analyzing the two schemes in a long-run setting, in order
to attribute any differences between the two schemes to the long-run setting

and short-run setting appropriately.

Chapter 5 also provides an analysis focusing on the accounting of emis-
sion rights within the context of the short-run laboratory experiment. The
short-run experimental environment treats emission permits as intangible as-
sets, a treatment being supported by The International Accounting Standards
Board’s IFRIC. After running three pilot short-run sessions in preparation for
the six regular short-run sessions, we noticed that subjects were holding irra-
tional levels of permit inventories, possibly due to a misrepresentation between
the income statement and balance sheet. According to the IFRIC method im-
plemented in our environment, buying permits and keeping them in inventory
affects the balance sheet but does not affect the income statement. Based
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on subject debriefings after the pilots, we realized that subjects depending on
the income statement as an indicator of profits and losses may accumulate
permit inventories unknowingly. Before running the six regular short-run ses-
sions, a warning was introduced in the laboratory instructions explaining the
accounting misrepresentation. The output decision was also modified between
the pilots and regular sessions. The effect of the accounting warning can only
be identified under baseline-and-credit trading. A careful analysis of the pilot
and non-pilot sessions shows evidence that accounting for emission permits
as intangible assets, without warning subjects of the accounting misrepresen-
tation, results in significantly higher and irrational permit inventories being
held. Permit inventories are especially high during the last few periods. This
evidence highlights a problem inherent to the IFRIC accounting method which
will be finalized in the next few months in anticipation of initial trading under
the European Union’s official emission trading scheme in January 2005. The
most disturbing conclusion of this accounting analysis is that the irrational

inventories are not eliminated by warning subjects of the inherent problem.

The many results and lessons learned from this dissertation have been sum-
marized above, but one must not forget the major contribution of this work.
Although Chapter 5 has presented evidence that baseline-and-credit outcomes
are similar to cap-and-trade outcomes in the short-run, the laboratory simu-
lations discussed in Chapter 4 prove that profit maximizing behaviour in our
environment supports the theoretical prediction of higher output and emis-
sions under baseline-and-credit trading. Now that the inherent inefficiency of
baseline-and-credit trading has been demonstrated in real laboratory markets,
the economic prediction of baseline-and-credit inferiority is no longer just a
theory.
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6.2 Future Research

Now that the necessary computer software has been developed and tested,
various comparisons of baseline-and-credit and cap-and-trade emission trading
programs can be conducted. While this dissertation has conducted long-run
simulations and short-run experiments comparing the main outcomes of the
alternative emission programs, it has also made it possible to investigate other
emission trading issues. This dissertation concludes with a discussion of ideas

for further research.

To reiterate, we investigated a laboratory setting in which firms in a fully
specified environment can choose an emission rate but output capacity is fixed.
The most obvious next step in the line of research initiated by this dissertation
is testing the long-run theoretical predictions of cap-and-trade versus baseline-
and-credit emission permit trading when firms can choose both emission rates

and output capacities.

Also, future research may investigate the laboratory setting in which, op-
posite to our assumptions, firms choose output capacity but emission rates are
fixed. This experiment would be interesting in that the expected outcome of
higher output and emissions under baseline-and-credit could be tested. This
environment would provide subjects with a less complicated alternative to the
long-run model proposed above. Such a setting would also be crucial in under-
standing behaviour in the long-run environment in which both emission rate

and output capacity are chosen.

There is a host of issues which have already been investigated in labo-
ratory studies of cap-and-trade emission trading. Considering that baseline-
and-credit schemes are prevalent around the world, conducting these studies
in a baseline-and-credit environment is also important. Such studies could
investigate the effect of emissions uncertainty, market power and compliance
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in baseline-and-credit trading markets. As mentioned in Chapter 1, theoret-
ical studies on baseline-and-credit trading predict that uncertainty in future
demand, GDP and emissions can affect the alternative plans differently (Eller-
man and Wing 2003). Market power is also a very interesting topic for future
research. As Chapter 5 discusses, the relative framing of the baseline-and-
credit mechanism creates a thin permit market which could potentially be
manipulated more easily than a corresponding cap-and-trade permit market.
Additionally, the endogenous permit supply inherent to baseline-and-credit
regulation is a nonexistent issue for market power studies under cap-and-trade
regulation (Muller, Mestelman, Spraggon, and Godby 2002; Elliott, Godby,
and Kruse 2003). Lastly, the software created for this work allows one to
conduct a study on compliance behaviour under both schemes unlike any that
have been conducted to date: in a fully specified trading environment in which
firms can affect compliance with their emission rate choice, their output ca-
pacity choice, their behaviour in the permit market and their behaviour in the

output market.

In addition to the common topics of laboratory research mentioned above,
a few new areas for possible study will be highlighted. The first is credit
for early action. The lag in credit creation that exists in most real world
baseline-and-credit implementations may cause initial credit price volatility,
as evidenced in the Chapter 4 simulation results. A credit for early action
plan may alleviate this volatility. A credit for early action plan involves the
imposition of a “voluntary” period before the regulation is imposed and during
which firms are allowed to create credits but are not required to redeem credits.
While this type of plan is hypothesized to, amongst other things, acclimatize
firms to the regulation, evidence on the effect of credit for early action on firm
payoffs and on credit prices in real markets is needed before policy makers can
make an informed opinion.
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Lastly, we will discuss a need for laboratory research pertinent to the emis-
sion permit trading mechanism currently implemented in the province of On-
tario. As mentioned in Chapter 1, in 2002 the Ontario Ministry of the En-
vironment implemented a hybrid emission trading scheme drawing elements
from both cap-and-trade and baseline-and-credit mechanisms (OMOE 2003).
Mandatory cap-and-trade regulation is coupled with a voluntary ERC-based
system. Fischer (2003) analyzes a combined cap-and-trade and rate-based
regulation similar to the Ontario trading system. Fischer’s theoretical study
concludes that unrestricted trade between these two types of programs always
raises combined emissions. The emission trading environment created for this
dissertation could be easily adapted to the Ontario case to investigate out-
comes and behaviour under a combined cap, credit and trade system in real
laboratory markets. This would provide local policy makers with evidence on
the incentive characteristics inherent to their chosen emission trading mecha-

nism.
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Appendix A

Mathematical Appendix

A.1 Proof that Social Planner’s Solution is Op-
timal

The solutions to all of the optimization problems in Chapter 2 are all rel-
ative maxima. Since proof of this is similar across all regulation models, only
the proof for the socially optimal case will be provided below. This mathe-
matical proof will use a representative agent model slightly different from the
multi-agent model presented in Chapter 2, as the proof is more straightfor-
ward when presented under this assumption. One can always envision the

representative agent as the average firm.

To recap, the social planner’s maximization problem is

Q
Igﬂﬁ;S = /0 P(z) — ¢;(r)Q — w@ — D(rQ). (A.1)

The first order conditions for an interior maximum are

S, = Q=) = D'(r Q)] = 0 (A.2)

and
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So=P(Q") —c(r’) —w—r*"D'(r'Q*) = 0. (A.3)

The S, condition can be satisfied if Q* equals zero or if the bracketed term
equals zero. Considering that we are only interested in confirming whether the
positive output equilibrium is a relative maximum, we assume that condition
(A.2) implies that —c/(r*) = D/(r*@Q*). The necessary and sufficient second
order conditions for a relative maximum at this critical point are that S, < 0,
Soo < 0and S, S0 —STQZ > (. In our surplus maximization context based on
our assumptions around the cost and environmental damage functions stated

in Table 2.1 of Chapter 2, these bivariate conditions are met.

We can demonstrate that

Spr = Q*[_CN(T*) - Q*D”(T*Q*ﬂ <0 (A4)

because ¢’ > 0 implies that the first term is negative and Q* > 0 along
with D” > 0 yield a negative second term. This ensures that, under our

assumptions, S, will be lower than zero. We can also prove that

Soo = P'(Q") — r**D"(r*Q*) < 0. (A.5)

With P' <0, r* > 0 and D" > 0, Sgg will also be lower than zero.

The last second order condition that must be met is that STTSQQ—STQQ > 0.

Sy and Sgq are calculated above and S,q is given by

STQ — —C,(’f’*) _ D/(T*Q*) _ T*Q*D/,(T*Q*) — —T*Q*D”(T*Q*). (AG)
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Note how the cross derivative simplifies to one term when evaluated at
the critical point, specifically when S, is substituted in the formula. At this
point, it is possible to demonstrate that the last second order condition for
maximization is met, given our parametric assumptions from Table 2.1 in
Chapter 2. We substitute conditions (A.4), (A.5) and (A.6) into S,,.Sog — Sk

to obtain

SiSaq — Sr0* = Q[="(r") = Q*D"(rQ")][P'(Q) — r**D"(r*Q")] —
[T*Q*D/’(T*Q*)]2
= [Q () P(Q) - QD Q)+ Q () D Q)
—1—1”*2@*2[1)"(?"*@*)]2 . T*QQ*Q[D”<’I"*Q*)]2
= —Q"(rM)P'(Q")-Q"D"(r Q") P'(Q")+r**Q " (r*) D" (r* Q")

>0

By definition, the final second order condition is met because every term in
the second to last line above must be positive because Q* > 0, r* > 0, ¢’ > 0,
P < 0and D” > 0. Therefore, the critical r* and Q* values defined by the

first order conditions are indeed consistent with a surplus maximum.
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Appendix B

IASB Emission Rights Draft

Interpretation

The following text was copied with permission of the IASB on Septem-
ber 14th, 2004. Source: International Accounting Standards Board Website,
www.iasb.org. Copyright by the IASCF, 2004.

B.1 International Accounting Standards Board
Emission Rights Notice

IFRIC Activities
Emission Rights

18th Aug 2004. Last discussed by IFRIC: September 2004 Latest revision:
2004/9/13

Several governments either have, or are in the process of developing, schemes
to encourage reduced emissions of pollutants, in particular of greenhouse gases.
Some schemes are based on a ‘cap and trade” model whereby participants are
allocated emission rights or ‘allowances’ equal to a ‘cap’ (ie target level of

emissions) and are permitted to trade those allowances.

Because there is presently no guidance on the accounting for such schemes

and because no consensus has emerged among market participants on what
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the accounting treatment should be, the IFRIC concluded that it should issue
an Interpretation to explain how International Financial Reporting Standards

(IFRSs) should be applied to such scheme.

The IFRIC issued a draft Interpretation (D1 Emission Rights) for public

comment in May 2003. In summary, the draft Interpretation proposed that:

e allowances, whether allocated by government or purchased in the market,
are intangible assets and are accounted for in accordance with TAS 38
Intangible Assets. Allowances that are allocated for less than fair value
are measured on initial recognition at fair value. Allowances are not

amortised but are tested for impairment.

e when allowances are allocated by government for less than fair value, the
difference between their fair value and the amount paid is a government
grant that is accounted for in accordance with TAS 20 Government Grants

and Disclosure of Government Assistance.

e as emissions are made, a provision is recognised for the obligation to
deliver allowances to cover those emissions (or to pay a penalty). The
provision is accounted for under IAS 37 Provisions, Contingent Liabilities
and Contingent Assets and therefore is normally measured at the market

value of the required number of allowances.

(A copy of the draft Interpretation may be downloaded here).

The IFRIC received 40 comment letters on its proposals and it discussed
the main points raised in those letters at its meetings in September and De-
cember 2003. The comment letters, other than where respondents requested

confidentiality, may be downloaded here.

After considering the comments received (including suggested alternative
interpretations of IFRSs), the IFRIC confirmed its view that the proposals
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set out in the draft Interpretation are the most appropriate interpretation of

IFRSs.

The IFRIC, however, noted that many respondents to the draft Interpre-
tation had expressed concern about the lack of symmetry (or mismatch) in
the accounting, which resulted in what was viewed as ‘artificial’ volatility of
reported profit or loss. This arises because IFRSs contain both a mixed mea-
surement model (whereby some items are measured at cost and others at fair
value) and a mixed presentation model (whereby some gains and losses on
items measured at fair value are recognised in profit or loss and others in eq-
uity). In particular, when allowances are carried under the allowed alternative
treatment in IAS 38 at fair value, changes in the value of the allowances above
cost are recognised in equity while changes in value of the liability for the

obligation to surrender allowances are recognised in profit or loss.

The IFRIC’s initial response to these comments was to seek to address this
mismatch by amending IAS 38 to carve out a subset of intangible assets (to
include allowances) that should be measured at fair value with all changes in
value recognised in profit or loss. Accordingly, in December 2003 the IFRIC
secured the tentative approval of the Board to re-expose the draft Interpre-
tation together with a limited amendment to IAS 38 so that any intangible

asset

e that is like a currency, in that it has value only because it is used to settle

an obligation; and

e whose fair value is determinable by reference to an active market (as

defined in TAS 38)

is measured at fair value with changes in value recognised in profit or loss.
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In addition, because of its own project to amend IAS 20, the Board re-
quested that the IFRIC delay issuing the revised draft Interpretation until the
proposals for the amended IAS 20 were completed. In other words, the Board
envisaged the IFRIC issuing a revised draft Interpretation that reflected the
proposed amendments to IASs 20 and 38.

The Board discussed its approach to amending IAS 20 at its meetings
February and July 2004. An exposure draft is now in preparation. (Details of

the Board’s project can be found here.)

At its September 2004 meeting, the IFRIC noted that it was unlikely that
the Board would be able to issue a final amended TAS 20 for at least another
year and therefore that D1 could not be finalised until that time. Given
that the EU Emissions Trading Scheme starts at the beginning of 2005, and
given the potential for diversity of accounting for that scheme, the IFRIC
reconsidered whether it should finalise its original proposals in D1 rather than

waiting for [ASs 20 and 38 to be amended.

The IFRIC acknowledged that finalising the original proposals in D1 would
mean that if allowances were subsequently measured at fair value, changes in
value above cost would be recognised in equity rather than in profit or loss.
Nonetheless, most of the members present noted that the disadvantage of this
treatment specified by the current TAS 38 would be outweighed by the ben-
efits of providing timely accounting guidance that would promote consistent

application of current IFRSs.

The IFRIC also noted that if the Board amended TAS 20, any required
modifications to the Interpretation would be dealt with as a consequential

amendment arising from the amended Standard.

Therefore, the view of the majority of IFRIC members present at the
September meeting was that D1 should be finalised in substantially its present
162



form and issued in the fourth quarter. The IFRIC will vote on the final Inter-

pretation at its next meeting.
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Appendix C

Cap-and-Trade Instructions for

Emissions Trading Experiment!

C.1 Introduction

Thank you for agreeing to participate in this experiment. During this
experiment you will represent a firm. You and 7 other people will each have
to make decisions on how to operate your firms. You will participate in 14
decision rounds, called periods. Each period your firm will produce and sell
output and buy or sell a special kind of input called a discharge allowance. The
profits of your firm will depend on the decisions you make and the decisions
made by other participants in the session. At the end of the session the cash
held by your firm will be converted into Canadian dollars and paid to you
privately in cash. Accordingly, the more profits you earn for your firm, the

more money you will take home.

! Appendix C is found on the CD-ROM enclosed in the pouch on the inside cover at the
back of this thesis.
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C.2 Production and Costs

You represent a firm which produces a product (for example, electricity)
and emits a pollutant (for example, nitrogen oxides - NO,). There is an upper
limit on the amount of output your firm can produce. This is your capacity.

In today’s session your capacity is fixed. You cannot change it.

You will be able to decide how much output to produce and how much
pollution is emitted for each unit of output you produce (this is called your

emission rate).
Pollution Emitted
Output

Emission Rate =

Your total pollution emitted is equal to your output multiplied by your

emission rate.

Pollution Emitted = Output X Emission Rate

In today’s session you will have a fixed cost, which is determined solely by
your emission rate. The fixed cost is inversely related to the emission rate.
When emission rates are low, fixed cost is high, and vice versa. The basic
understanding behind this is that you can produce things cheaply but you
will pollute a lot, or you can use more expensive technology and only pollute
a little. Table 1 shows an example of how your costs might change as your
emission rate changes. This example is for illustration only. The numbers in

the experiment will be different.

Column [a] shows 10 possible emission rates. Column [b] shows the total

fixed cost for each rate. Notice total fixed cost falls as emission rate rises.
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Table C.1: Example of Emission Rates and Fixed Costs when Capacity is 10

[a] [b] [c] [d]
Emission Rate Total Fixed Cost | Unit Fixed Cost | Change in Unit
(tons per unit output) Fixed Cost

0 1990 199

93
1 1060 106

32
2 740 74

17
3 570 57

10
4 470 470

7
5 400 40

6
6 340 34

4
7 300 30

3
8 270 27

2
9 250 25

Column [c] shows unit fixed cost, which equals total fixed cost divided by the
capacity of 10. Column [d] shows the change in unit fixed cost between values
of the emission rate. For example, if the emission rate is 1 rather than 0, then
unit fixed cost will decrease by 93 (from 199 to 106). Figure 1 illustrates the

relationship between emission rate and the change in unit fixed cost.

Your average fixed cost is your total fixed cost divided by your output
produced. Table 2 shows how average fixed cost might change as output

changes for the case when emission rate equals 0.

Total FixedCost
Output

AverageFiredCost =
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1

Change in Unit Fixed Cost
{Dollars)

0o
a0
50
70
B0
50
40
30
20
10

Figure 1. Change in Unit Fixed Cost

g3

32

17

07 6 4

4 5 6
Emission Rate

Table C.2: Example of Average Fixed Cost for an Emission Rate of Zero

Emission Rate

Total Fixed Cost

Unit Fixed Cost

Average Fixed Cost
when output is ...

[a] [b] [c] (] | fe] | If]
1| 5 | 10
0 1990 190 1990 | 308 | 199

If your output equals your capacity of 10 then your average fixed cost will

equal your unit fixed cost of 199. If your output is less than your capacity,

say b, your average fixed cost will rise to 398. Although Table 2 only shows a

limited number of output values (1, 5 and 10), output may actually take on

any integer value between 1 and your maximum capacity. The computer will

provide you with a cost calculator which will calculate the average and total

fixed cost of any quantity of output and emissions rate you choose.

Please answer the following questions, referring to the equations on page 1

and Table 1 and 2 when necessary. When you are done, raise your hand and

we will check your work.
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You produce 5 units of output and 15 tons of pollution. What is
your emission rate?
_______ tons of pollution per unit of output.
How many tons of pollution are produced when output is 10 and
emission rate is 27
_______ tons of pollution.
What is the total fixed cost of producing 10 units of output
when the emissions rate is 27
_______ dollars.
How much do you save, per unit of capacity, by choosing an
emission rate of 3 rather than 27
_______ dollars.
By how much do your unit fixed costs increase when you choose an
emission rate of 1 rather than 27
_______ dollars.
What is the average fixed cost of producing 5 units of output
when the emissions rate is 07

dollars per unit of output.
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C.3 Discharge Allowances

In this session the discharge of pollution is controlled by discharge al-
lowances. At the end of each period you must redeem one allowance for each
ton of pollution you discharge. The computer will not let you sell output if

you do not have enough allowances to cover the pollution discharged.

At the start of each period, you will be given a certain number of al-
lowances, called an endowment. You may use these to cover your discharge of
pollution, keep them to use in following periods or sell them to other partici-

pants. You may also buy allowances from the other participants.

For example, suppose you are given an endowment of 30 allowances at the
start of the period and your capacity is 10. Also suppose that you neither
buy nor sell any allowances this period. If your emission rate is 7 then you
will only be allowed to produce a maximum of 4 units of output, because 4
units of output would require you to redeem 28 of your 30 allowances. If your
emission rate was 1 (instead of 7) you could produce at a full capacity of 10
requiring you to redeem only 10 allowances, leaving 20 to be used or sold next
period. If your emission rate was 3, you could produce 10 units of output
and redeem all of your 30 allowances. Remember next period you will receive

another endowment of allowances.

Please answer the following questions. When you are done, please raise

your hand and we will check your answer.

g. Suppose you produce and sell 5 units of output with an
emissions rate of 3.

i. How much pollution will you produce?
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ii.

ii.

tons of pollution.
How many allowances would you need to redeem?

allowances.

i. Suppose you had 13 allowances in inventory, how many discharge

allowances must you buy?

allowances.

Given the amount bought in part iii, if the price of allowances
is $8 each, how much will you have to pay for allowances in total?

dollars.

Suppose you have 35 allowances in inventory and you produce
and sell 7 units of output at an emissions rate of 2
How many allowances can you sell, at most?

allowances.

How much will you earn from selling the allowances created
in part i, if the price is $2 per allowance?

dollars.

Each period you will buy and sell allowances before you choose your emis-

sion rate and before you sell your output.

C.4 Buying and Selling Discharge Allowances

In this session, allowances will be bought and sold in a call market. Par-

ticipants in a call market submit offers to buy (called "bids”) or sell (called

7asks”).

Each bid and ask specifies a price and a maximum quantity. Par-
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ticipants may offer multiple bids and asks. For example, a participant may
offer to buy 5 allowances at $10 and 3 more allowances at $8, and offer to sell
2 allowances at $12 and sell 4 more allowances at $15. When all offers have
been submitted, a market clearing price is computed and all transactions are

made at this price.

All bids are ranked from highest to lowest. This gives us a curve like 'D’ in
Figure 2. All asks are ranked from lowest to highest. This gives us a curve like
'S’ in Figure 2. The total number of allowances bought and sold (20 units in
Figure 2) is determined by the intersection of S and D. This means that the 20
allowances with the lowest ask prices are sold to the buyers with the 20 highest
bid prices. The market clearing price ($10 in Figure 2) is also determined by
the intersection of S and D. All allowances bought and sold exchange at this
price regardless of the price bid or asked. For example, the first allowance in
Figure 2 has an ask price of $5 and a bid price of $25. The buyer will pay $15

less than he bid, and the seller will receive $5 more than he asked.

Figure 2: Market price determination
Price
525 S - asks
market clearing price = $10 e
§5 D - bids
i Total
I Quantity

It may turn out that the market clearing price just happens to be exactly

equal a subject’s bid or ask price. In this case sellers who asked a price exactly
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equal to what turns out to be the market clearing price may find they have not
sold all the allowances they offered. Similarly, buyers who bid exactly what
turns out to be the market clearing price may find they have not purchased all
the allowances they bid for. In this case the available allowances are shared

among these buyers or sellers as evenly as possible.

To reiterate, if you submit a bid at a particular price, and if your bid is
successful, you may have to pay what you bid but you may pay less. Con-
versely, if you submit an ask to sell some allowances and your units are sold,

you may receive the price you asked but you may receive more.

C.5 Emission Rate Decision

When the allowance market is over, you must choose your emission rate for
the period. In this session you will be able to choose emission rates between 0
and 9. High emission rates reduce your fixed cost. However, higher emission
rates require you to redeem more allowances. You may need to have purchased
additional allowances to produce at full capacity. Low emission rates increase
your fixed cost. However, lower emission rates require fewer allowances. You

may be able to increase your profits by selling unneeded allowances.

C.6 Selling Output

In this session the amount of output you produce and sell is determined
automatically. Your output does not affect your fixed cost, it only affects how
much pollution you will discharge, which will equal your quantity of output

sold times your emission rate. This, in turn, affects the number of allowances

172



you will need to redeem. In this session you must have sufficient allowances to
cover your discharge of pollution implied by your output sold. You will not be
allowed to sell output if you do not have enough allowances to redeem against

the amount of pollution discharged implied by that output.

You will be a seller in the output market. The buyers in this market
are simulated by a computer program. Your computer will automatically sell
the maximum amount of output possible, constrained by your capacity and
the number of allowances you have (as explained in the paragraph above), at
the highest price the computer buyers will pay. The price of output can be

calculated with the following function:

Output Price = 620 — 5 x Total Output of All Firms

When the output market is finished you will be told how many units you
have sold. Your output and emissions will be determined automatically and

your inventory of allowances will be adjusted accordingly.

Figure 3 shows a diagram of how the computer buyers in this session will
operate as detailed by the formula above. If the total output of all 8 firms is
equal to 62 then the price will be $310 (= 620 — 5 x 62). If the total output

was 44 units then each unit of output would be sold at $400.

C.7 Practice Periods

To let you learn more about the experiment we are going to run 4 practice
periods. Please follow these instructions as they are read aloud and enter

the decisions that are discussed below. The results from this period will not
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Figure 3: Demand for output

Price demand (slope = -5)
$620

& Suppose total output of all
$400 firms 1s 62 units

market clearing price = $310 ™"

$200
Total
Quantity

0 44 62 34 124

contribute to your final earnings. If you have any questions during this period,
please raise your hand and we will answer them. After the practice periods are
over, we will begin the 10 periods which contribute to your earnings. We will all
walk through the first practice period together. The cost values and decisions
we make in the first practice period bear no relation to decisions you should
make on your own when the experiment starts, they are for demonstration

only. All numbers on your screen will be rounded to two decimal places.

[Monitor starts the session]

The dollar values and numbers we will discuss below will differ depending
on whether your subject number is even or odd. Your subject number can
be found in the bottom left hand corner of your computer screen. Would
everyone with an even subject number please raise your hand now? Thank
you, you may put down your hands. Would everyone with an odd subject
number please raise your hand? Thank you. Numbers and values in the text

below will apply to even numbered subjects, and those in parentheses (like
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this) will apply to odd numbered subjects. If there are no parentheses then

the plain text number applies to everyone.

At the end of these instructions you will find Table 3 and Figure 4 on page
20 (19), please find this now. This sheet of paper shows the costs you will
have in these 4 practice periods and is comparable to Table 1 and Figure 1

that were described earlier.

Now please examine your computer screens. Please click on the words
"Dataview Window” in the upper right-hand part of your screen now, the
title bar will turn blue. Below the title bar are three tabs, please click on the

cost table tab now.

The cost table provides a software version of Table 3 and includes informa-
tion on your average fixed cost. Clicking on a row of the cost table temporarily
selects the emission rate in the left most column of that row. The software
will fill out the unit fixed cost difference information of decreasing the emission
rate by 1 and of increasing the emission rate by 1 and display the results below
the cost table. These exact numbers can be found on your hard copy of Table

3 if you find that easier.

Now let us explore some of the other tabs on the Dataview window. Beside
the cost table tab is the planner tab. Please click on the planner tab now.
This planner tab contains a cost calculator panel on the left-hand side that will
calculate total fixed cost given assumptions on capacity and emission rate. It
will also calculate average cost based on assumptions of output and the value

of allowances.
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Please follow along on your screen as I read the text in the cost calculator
aloud. ”Capacity is 10. Emission rate is 7 (3). Total fixed cost will be 1633.91
(1956.67). If I sell 10 units of output and if each allowance is worth $8 then
I will emit 70 (30) tons of pollution, and I must redeem 70 (30) allowances.
Each unit of output will cost 56 (24) dollars for 7 (3) allowances redeemed
and 163.39 (195.67) dollars in average fixed costs. My overall average cost per
unit of output is 219.39 (219.67) dollars.” The overall average cost just adds
together the average fixed cost and the assumed value of allowances redeemed
stated above. Are there any questions about these numbers? Please use the
arrow buttons to change your emission rate to 9. Notice that you now emit
90 tons of pollution. Notice how your total fixed cost falls to $1600 ($1770),
the cost of required allowances rises to $72, your average fixed cost falls to $160
($177) and your overall average cost rises to $232 ($249). Now use the arrow
buttons to change your units of output from 10 to 5. What has changed?
Notice that you now only emit 45 tons of pollution. Notice how average fixed
cost has risen to $320 ($354) and overall average cost has risen to $392 ($426).
Lastly, use the arrow buttons to change the value of allowances from 8 to
16 dollars per allowance, and note how the cost of allowances doubles to $144
and your overall average cost becomes $464 ($498). The value of allowances

spinner can be used to find your costs under various possible value conditions.

Below the calculator is the capacity and emission rate panel containing
information on this and last period’s capacity, emission rate and cost informa-
tion. Notice that last period’s capacity is assumed to be 10 and last period’s

emission rate is assumed to be 7 (3), for this practice period. Notice that your
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capacity in this practice period is 10 units. This period’s emission rate and

cost information will remain blank until you choose it later on in the period.

To the right of the capacity and emission rate panel is the output market
panel. This and last period’s output price and amount sold appear in it. Last
period’s market price was $220 and last period’s market volume was 80. The
market volume is the total amount of output sold amongst all subjects. The
amount of output you sold last period is given as 10, since it is assumed that
you sold the maximum amount of output last period. This period’s market

price and volume is left blank because it has not been determined yet.

Your cash balance is displayed in the cash panel which is in the top right of
the Dataview window. You start this practice period with $5,000 in laboratory

cash.

Below the cash panel is the allowance market panel. This panel shows de-
tailed information regarding the allowance market last period and this period.
Notice that the market price of allowances was $8 last period and market vol-
ume was 80. Notice how this period’s market price and volume is blank since
the market has not been conducted yet. At the bottom of the panel you are
notified that you will receive an endowment of 50 allowances at the beginning

of every period and that you currently have 50 allowances in inventory.

Lastly, notice that the status bar at the bottom of the screen provides
quick reference to important statistics such as cash, inventory of allowances,

capacity and emission rate.

We are now ready to start the first practice period. We will all walk through

the first period together and then you can make your own decisions during the
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remaining 3 practice periods. All of your firm’s decisions will be entered in the
left-most window on the screen and the Dataview window will always remain
on screen to provide you with information. The first decision to be made every
period is to submit an allowance order. This is the only point in the period
that you are able to buy and sell allowances. You are able to enter up to
three bid and three ask orders. The allowance order window is visible in the

upper-left portion of your screen. Please click on its title bar now.

Because the price of allowances is calculated using all submitted bids and
asks we do not yet know what the market clearing price will be for this period,
even if the market price has been stable for the last few periods. You may be
tempted just to enter a bid or ask at last period’s market price but if you use
the ability to enter bids and asks at multiple prices you can ensure that you
buy and sell appropriately whatever the price may be. You may decide to be

buyer at some prices and seller at other prices.

When deciding on what bids and asks to make you might wish to consult
your cost calculator or cost table, even though your emission rate and cost
implications have not yet been chosen for the period. Below we will enter a

practice order.

First let us look at the allowance order window. Notice that your capacity
is equal to 10. Since you have 50 allowances in inventory you could choose a

maximum emission rate of 5, without needing to buy or sell any allowances.

Everyone please look at Table 3, odd and even subjects will have different
values in their table. First focus on the line in the table associated with an
emission rate of 5 since this would require you to redeem all 50 of the allowances

in your inventory.
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Allowances let you to choose higher emission rates which are associated
with lower fixed costs. You might wish to sell allowances if you can sell them
for a price greater than their cost savings. Looking upward along column [d]
shows how unit fixed cost increases as lower emission rates are chosen. Since
you do not have to redeem as many allowances when choosing lower emission
rates, you might want to use these costs in column [d] when pricing your
allowances for sale. For instance if you produce output at your capacity of 10,
and choose an emission rate of 4 instead of 5 (which is the maximum given your
current inventory of allowances), then you could sell your extra 10 allowances.
Column [d] shows that unit fixed cost increases by 25.86 (5.27) going from an
emission rate of 5 to 4, and so not using each of these allowances cost you 25.86
(5.27). In order to sell 10 more allowances (20 total) you would have to choose
an emission rate of 3, raising your unit fixed cost by an additional 38.57 (7.87).
Likewise, lowering your emission rate from 3 to 2 would allow you to sell 10
more allowances (30 total) and your costs would increase by 53.83 (10.97)
each. Since an ask price is the lowest integer price you would be willing to sell
at, you might want to ask $26 ($6) to sell your first 10 allowances, $39 ($8)
each for another 10 allowances (20 total) and $54 ($11) each for another 10
allowances. Please enter these three asks in the bottom part of the allowance

order window. The ask order in the top most line must be at the lowest price.

Using your change in unit fixed cost to set the ask price for allowances
effectively sets the minimum price at which you would sell equal to the cost of
not using the allowances. By submitting this minimum price you increase the
chance of actually selling the units, since the lowest asks get sold first. It also

insures that you will not sell the allowances at a loss and, it does not directly

179



affect the price you will actually sell them at, which could be higher than the

minimum price entered.

Now think about buying allowances. Buying allowances allows you to
choose higher emission rates, which are associated with lower fixed costs.
Looking downward along column [d] in Table 3 shows the most you would
probably want to pay for allowances. For instance, if you produce 10 units of
output and choose an emission rate of 6 instead of 5 (remember given your
50 allowances in inventory this is the maximum emission rate you can choose)
you would be required to redeem 10 more allowances. Redeeming each of these
10 allowances would save you 15.68 (3.20) in unit fixed costs. If you currently
have 50 allowances in inventory you might be willing to bid $15 ($3) each for
10 more allowances since this is the maximum integer price that allows you
to make a profit. Remember, bidding your true value sets the maximum price
you will pay, effectively increasing your chances that you will buy the units,
and will not directly effect the market clearing price that you will pay. Buy-
ing 10 more allowances (20 in total) would allow someone currently with 50
allowances and a capacity of 10 to choose an emission rate of 7 instead of 6,
and save a further 8.05 (1.64) in unit fixed costs, hence giving an incentive to
bid $8 ($1) for 10 more allowances. Using the change in unit fixed cost in a
similar fashion we can see how choosing an emission rate of 8 rather than 7
would save 2.97 (0.60) in unit fixed costs. Even numbered subjects with 50
allowances might bid $2 each for 10 more allowances (30 in total). Since the
cost savings for odd subjects when increasing their emission rate from 7 to 8
is 0.60, any integer price above zero would mean a loss and so odd subjects

will only bid for 20 allowances maximum under these circumstances. Please
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enter a bid of $15 ($3) for 10 units in the first bid line and a bid of $8 ($1)
for 10 more units on the second bid line. Would even numbered subjects enter

a third bid of $2 for 10 more units on the third bid line.

Notice that since your capacity is equal to 10, it makes sense to bid and
ask for allowances in quantities of 10. You are not allowed to sell allowances
that you do not possess in inventory, nor bid for allowances if you do not have
enough cash to cover the transaction. When you have finished entering your
bid and ask orders a monitor will check your work. Normally you will click on
the submit button to submit your order when you are ready, but during this

practice period the monitor will submit all your decisions for you.
[All allowance orders are submitted|

Once the bid and ask orders are submitted the market will be called and
a market clearing price and quantity will be determined. The results window
in the top left of your screen identifies if you bought or sold any allowances
this period. The even numbered subjects have bought 20 allowances each
and the odd numbered subjects have sold 20 allowances each. The results
window also tells you that the market clearing price was $8 and a total volume
of 80 allowances were bought and sold. Please click on the planner tab in
the Dataview window. Notice how your current cash in the cash panel is
now $4,840 ($5,160) and your allowances inventory in the allowances panel is
now 70 (30), to reflect your transaction this period. During the experiment
the software will keep the allowance market results window on screen for 10
seconds before automatically continuing on with the rest of the period. You
do not need to write these results down, as they are immediately stored in the

allowance market panel of your planner. Also, the results from past period’s
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get stored in your income statement which we will discuss at the end of the

first practice period.

The second decision to be made each period is choosing an emission rate.
Your emission rate choice window provides a spinner that you can use to
choose an emission rate. Remember your capacity is 10, and that you have
70 (30) allowances in inventory. The emission rate spinner starts off at the
emission rate you chose last period, but you may use the arrow button to
choose a new emission rate this period. One way to choose an emission rate
might be to use your cost calculator to find which emission rate minimizes
your overall average cost. This is equivalent to maximizing profit as long
as everything other than your emission rate stays constant. If you spin the
emission rate in your cost calculator panel from 0 to 9 you will notice that an

emission rate of 7 (3) will minimize your overall average cost.

Before selecting your emission rate you must not forget that if your emission
rate is greater than your inventory of allowances divided by your capacity,
70/10 (30/10), then you will not have enough allowances to produce and sell
output at full capacity. For this practice period, click on the emission rate
arrow buttons in the emission rate choice window and choose an emission rate
of 7 (3), since this will minimize your overall average cost and you will have
enough allowances in inventory to produce at full capacity. After a monitor has
checked your work he will click the submit button for you. Confirm the results
shown on the next window. Again, the software will store this information
in your planner and income statement for later reference and the rest of the

period will continue in about 10 seconds.
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After you have been notified of your emission rate choice, the output market
occurs automatically. The computer automatically sells the maximum amount
of output possible, which according to your capacity and holding of allowances
is 10 units. The output market clearing price of $220 and volume of 80 units is
displayed in the results window (220 = 620 — 5 x 80). The 10 units of output
sold and produced by your firm is also displayed. Lastly, a message is provided
identifying that you redeemed 70 (30) allowances this period. Again, during
the experiment, the output market results window will stay on screen for about
20 seconds and all the information on it will be stored in your planner and

income statement.

It is now the end of period 1. Notice the income statement tab beside the
planner and cost table tabs in the Dataview window. The income statement
gives a breakdown of your profits earned at the end of each period. Please

click on the income statement tab now

Your income statement shows that you earned $2200 revenue from selling
output. Odd numbered subjects will find that they earned $160 revenue from
the 20 allowances they sold during the period. The 50 allowances you were
endowed with at the start of the period are valued at the market price of
$8 each for a total of $400. The cost of goods sold section of the income
statement details how the value of the allowances you redeemed is subtracted
from your revenue. The 70 (30) allowances were redeemed at a market valu